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Abstract: This document presents thancSyssoftware, a computer program for simulating th
hydraulics of lineamove and centgpivot irrigation systems. The narhncSyds a mnemonic
fort h e plinearaneve and centgpivot system@ At the core of théincSyssoftware is a
pair of executabléles: a hydraulic simulation modulelydrSimLaterals.exeand a graphical
user interfaceGUI), LincSys.exethrough which the user interacts with the hydraulic module
The user interface and the computational modtgecoupled through an application
programming interface. Data exchange between the user interface and the simulation mog
takes place through text files.

The hydraulic module dfincSys HydrSimLaterals.exds a numerical model that solve
the continuity and energy balance equatiosonedimensional steady flow through a
branched hydraulic network consisting of straight and stationary pigpdsjermine the lateral
wide distribution of link discharges and nodal headsaamdrray of additionalutput parameters
The model can simulatthe hydraulics oflinearmoveor centefpivot system that usehe
following emission devices to meter outlet discharges along the Iqiedtop-tube, pressure
regulator, and emitter assembliég, droptube and emitter assemblies (iii)) emitters placed
directly on the lateral.

The GUI of LincSysconsists of a tabbed form with four windows, namely Siistems
Projects, Input, Output, and Chatdbpages. Each tabpage provides accesséb ofprogram
functionalities, consisting of project managememd preprocesing, processing, and
postprocessing of project data

The help utilityof the LincSyssoftwareprovides resources that the user can tap into
throughtooltips, adedicatecdHelp menu thiacan be activated from the SysteRm®jectsvindow,
and a set of text files placed in various folders during program installation.

The content of this document is presented in six chapié@pter 1 provides a quick
introduction to the.incSyssoftware. Chapter 2 presents a concise description of imeae and
centerpivot irrigation systems. A summary of lineaove and centegpivot lateral hydraulics is
presented in Chapter 3. Chapter 4 describes the features and functionaliti€SF te
LincSys A description of the contemand formabf the inputoutput data files and the directory
structure used blincSysto manage and track data files is presented in Chapter 5. A discus
onmodel evaluation results and application examples (samgjecgs) copied into theincSys
input-output data folders duringrograminstallation is presented in Chapter 6.
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Figure 52a idateral pressure profile]le ¢ e e e € é ¢ éééééé. 15 1
Figure41. Comparison ohmin, hy, andQs profiles of the datsets

used in model evaluation (Notatiofgiin is the minimum

required inlet pressure head for fire to operate reliably

in the active moddy, is the simulategrv-inlet pressure
head,an@si s t he computed sprinkkéeé.dilscharge)

Figure 2. The Input windowSampleProject_9 of the
DroptubeEmi tt er system configurati.o7 option é

Figure 8. The Output windowSampleProject_9 of the

"""""""

Figure 41. Chart depicting theakeral elgation profileand thehydraulic
and energy gradines: SampleProject_9 dhe
DroptubeEmi tt er system configuratioB9 option é
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Figure 4. Lateral pressure profilehart: SampleProject_9 of the
DroptubeEmitter system configuration optidthe
solid-line represents the actual pressure head profile
and the dashlotted line depicts the intspan
variabilitytrend)¢ é € é 6 é 6 é e ééé e6ééeééeééeééeéé. 31

DroptubeEmitter systentonfiguration optioré .é.é ¢ é e ¢ éééé. 31 1

Figure47. The Input windowSampleProject_bf
DroptubePr-Emi t t er system configurati3n option

Figure48. The Output windowSampleProject_bf
DroptubePr-Emi t t er system configaedad i3 option

Figure ®. Lateral pressure profilehart:SampleProject_5 of the

DroptubePrv-Emittersystem configuration option

(the solidline represents the actual pressure head

profile andthe daskdotted line depicts the intspan

variability trend)e é ¢ é .é.é ééeéeééeééeéecééeééeéeée 3B
Figure50. Chart depicting bad differential across emitter,

prv-inlet pressure, angrv-set pressure profiles

SampleProject_5 of theroptubePrv-Emittersystem

Figure51. Emitter discharge profil&SampleProject of the
DroptubePr-Emi t t er system config@gadad i3n option

Figure52. Thelnput window SampleProject_15 of the
EmitterOnL at er al system confi gu&réatd @8 opti on

Figure 8. The Output windowSampleProject_15 of the
EmitterOnL at er al system configuratiad@d option

Figure54. Chart depicting theateral elevation profiland
thehydraulicand energygradelines:
SampleProject_15 of the Emittén-Lateral

////////////////////

Figure55. Lateral pressure profil&ampleProject_15 of the
EmitterOnL at er al system conf i gudéaé.i.d2n lopti on

Figure %. Emitter discharge profil&SampleProject_15 of the
EmitterOn-Laterals y st em conf i gur at iéoéné éo.p.43i oln € é é é é
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Chapter 1. A quick introduction to the LincSyssoftware

1.1.Model description, An overview

LincSyds a computer prograrfor simulating the hydraulics dinearmoveand center
pivot irrigation systemsThe nameLincSysis amnemoniadevicefor the phrasdinearmove
and centepivot system@

TheLincSyssoftware is comprised @fpair of executable filea hydraulicsimulation
module,HydrSimLaterals.exeand a graphical user interfacg(l), LincSys.exethrough which
the user interacts with the hydraulic moddike user interface and the computational mqdule
are coupledhrough an application programming interface that use€tbatProcesfunction.

Data exchange between the user interface andrth#ation module takes place through
text files.Input data, edited within the user interface, is transferred tirthdation module
(HydrSimLaterals.eXeand output data from the simulation module is reldyakto the user
interface LincSys.exeusingspace delimitedext files.

1.2.Systemrequirements and installation

1.2.1. Hardware requirements

Although not thoroughly testedxperience suggests thihe CPU,memory, and graphics
hardware requirements bincSysare basic and hencestunlikely thathardware constraints
would be series limitations for runnitgncSysin mostP C 6 s .

Storage pace requirements vary with the numbeLioicSysprojects and the size tfe
individual projecs. However, at installatiorithe LincSysfolder containsoftware components
(LincSys.exeHydrSimLateras.exe and.Net Framework 4. utilities), LincSyssampleproject
data,input data file templatesand helpresourcesalateddocumentswhichin total require a
storage space of about 60MB.

1.2.2. Softwarerequiremens
LincSysl.0is desigedfor Windows environment and it can be mmmachines with
Windows 7.0or laterrelease®f theWindowsoperating systenThe necessarNet framework
utilities are installed along with the core executable files, thus the model has no requirements for
addtional software accessories.

1.3. Installation running, quick explorationof the contents of.incSysinstallation
folder

1.3.1. Installation of LincSys

To installLincSysl.0in aPC,the user need tdick onthe link DOWNLOAD in the
current webpageThis will start the installation programstall_LincSysexe Theuser can then
follow thedirections & the installersoftwareto unzip and plackincSydiles, .Net Framework
utility files, andother filesin a specified dectory.

1.3.2. Running LincSys

Following a successful installation, the user may notice thatitleSysicon appears in
the user 6s deskt dVindowsnlmorderhogurLineSesthe usemsnmply needs
to click on thelincSyscon in the start menu or double click on the icon in the desktop. This will
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open a tabbed form (the user interfac&iotSy$ with the SystemsProjectstabpagesnabled
(Figure 1)

1.3.2.a.The Graphical User Interface (GUI) of LincSys

TheGUI of LincSysconsists of a tabbed form with four windows, namely Siistems
Projects Input, Output, and Chartabpags (Figure 1). Each window is designed to provide
access to a set of progrdumctionalities. The user interface was develgpmdthe current
authorswith theBasiccomputer programming language in the Visual Studio Integrated
Development Environment (MS, 2019) and is based okMineows Forms for .Net Framework
Ver. 4.8

The SystemsProjectstabpageaepresents the main access or entry poihirtoSys It is the
window that provides access to projeeinagement functionalities and help resources. It also
enables access to the other tabpages through Windows &semsterfaceontrol buttons.
Furthermore, th&ystemsProjectswindow is where the system configuration option for which
simulation is to be conducted is specified and the cukienBysproject is selected. Note that
the term project is used in this document teréd all the input and output data files (of a
simulation problem) stored in a folder that bears the name of the project.

Thelnput tabpagenables access to the input functionality of the model, whpu data
are displayed and can be edited. If necessary, a simulation run of the tinmc&ysproject is
also executed from within tHaput window.

TheOutput tabpage is the window e#tte the output data from a successful simulation is
displayed TheChartstabpage provides access to a series of charts (eleven in all) that display a
graphical rendering of computed hydraulic parameters.

StandardVindows Forms controls, namely contraittons, textboxes, a listbox, DataGridView
tables, labels, chart control, a toolbar, and a dropdoemuare used to issue commands and
navigate the user interface. Access to tabpages is mainly enabled through control buttons,
although direct access éadh tabpagehrough the respectitabcontrolss conditionally

possible $ections 4.2.3.c, 4.3.1, 4.4.1, and 4.9N\bte that in this document, the user interface
controls used iincSysare referred to using contextually more intuitive names, in place of the
general technical names used in the programming literature. A more specific discussion on this is
provided inSection 4.1.1

1.3.2.b. The hydraulic simulation module of LincSys: HifSimLaterals.exe

Thehydraulicmodule ofLincSys HydrSimLateralexe is a numerical model that solves
the continuity and energy balance equations (fordimensional steady flow through a
branched hydraulic network consisting of straight and stationary pipes) to determine the lateral
wide distribution of link dischargesnd nodal heads (e.g., Zerihun and Sanchez, 2019a, 2019b).
The model can simulate the hydraulicdioéarmove and centgpivot systemsvith the
following lateral outlet discharge metering apparatus configuration op(ipisy.stems that use
droptube, pressure regulator, and emitter assemblies to meter outlet discharges along a lateral
(labeled aProptubePrv-Emittter in thelLincSysuser interfacg, (i) Systems that use drdapbe
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Output, and Charjghat form theGUI of LincSys
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and emitter assemblies to meter outlet discharges (named as DrBptittier in the user
interface), andiii) Systems in which the emitters are placed directly on the lateral (described as
EmitterOn-Lateral in the user interface). Note that the ratherenctoncise phrase of, system
configuration optionds often used in this document to refethe lateral outlet discharge
metering configuration options.

The hydraulic simulation module bfincSyswas developed by the current authors as a
standalone simulation model in 2017. It was written inGke computer programming
language, as an MS DOS application, within the Visual Studio Integrated Development
Environment (MS, 2017). The model obtainggut data from a text file and output data are
saved in text files. The output files can then be opened with a spreadsheet prograsivkiich
Excel,or any other suitable application for further processing and reporting. A limited evaluation
of the compitational module conducted by the authors and cooperators (Zerihun et al., 2019)
showed that model performance is satisfactory.

The hydraulic simulation module bfncSyswas initially developed for lineanove
irrigation systems (Zerihun and Sanchez,20k,c). However, the geometric features and
hydraulic elements of lineanove and centepivot laterals are very similar (Martin et al., 2007),
thus the hydraulics of these systems is generally considered identical. AccordimgByss
presumed heretbe equally applicable to cerdgivot systems as well.

A final note here is that the angular movement of cqpitasts could introduce forces
that may have an effect in lateral hydraulics, which is different from those encountered i linear
move systemddowever, those effects are generally not considered in egnsrhydraulics,
perhaps because of the low angular velocity of these laterals they are presumed to be of
negligible effect.

1.3.3. Quick exploration of the contents of the installation folder

Opening the installation folder witWindowsExplorer (orFile Explorer) shows thaa
sizable number of fileand a foldehave been copieidto it. Theseincludethe executable files
LincSys.exandHydrSimLateras.exe the program icon filkincSys.iconand the program
configuration fileLincSys.exe.configml In addition,a hostof .Net Frameworkitility files with
a*.DIl (dynamic link library) extension were copied to the installation folderthermorethe
user may notice thatfalder namedProjectswascreated under the installation folder.

LincSysuses a specific directory structure to track and manage projeetslirectory
structure for project data management is created und@rdfects foldeduring installation
Directly under the Projects folder there &ve subfoldersDrptubePrvEmitterDrptubeEmitter,
EmitterOnLatHelpDocAndLiterature, and Templates_InputDataFifebrief description ofhie
contents of each ahesefolderswill be presented in the next section. However, a more detailed
discussion including a description of the contemtd formatof each of theifes in these folders
is presented in Chapter 5.

1.3.3.a.Contents of a syem configurationoption folder
TheDrptubePrvEmitterDrptubeEmitterand EmitterOnLat folderarereferred here as
system configuratiooptionfolders and they contain théncSysproject dataorresponding to
the DroptubePrv-Emitter, DroptubeEmitter, and Emitte©On-Lateral system configuration
options, respectively.
Opening any of the system configuration option folgseay for instancéhe
DrptubePrvEmitter folder would show that at installation it contains fifteen sample projects (i.e.,
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folders), named Sampl eProj ect _leachwBtmacpnpettr oj ec

set of input and output dafiées.

Further openinga LincSysproject folder, say for instance, the SampleProjefdlder
would show that it contains a total @files with extensions Inp, OuDat, Txt andXIxs, and
asulfolder named Charts. The file with the extension Inp is the input datavhiile the files
with the extensions Dat and Qarethe output data files. THee with the extensiodxt is a
Readmdile and is intended to serve as a quick reference resource on the contents of the current
project folder. It containa quantitative and qualitative summary of the dimensions, geometries,
and hydraulic characteristics thfe lateral component$he excel file (extensioKIxs), has the
same content as the input data fé&tensiorinp) and is intended to be used as anfrgata
template that can be modified and adapted by the user as needed.

The Chartssuldolder under the SampleProject_1 folder contains 12, fdesprised of 11
image files in Png format andReadme file. Each image file corresponds to one of the 1iitoutp
charts ofLincSys A detailed description of the charts files is provided in Se@iBnThe
Readme file contains a concise description of the contents of each of the image files in the Charts
folder.

At installation the DrptubeEmitter andEmitterOnLat system configuration foldeatsocontain

15 sample projects with exactly the same name as those of the [Pripttimitter folder.

Each of the project subfolders under the DrptubeEmitter and EmitterOnLat folders £omgatn
and output datfiles with the same names as the DrpfRbh&mitterfolder, although the contents
differ.

Note that inLincSysthe user specifies the project namich is used as the name of the
project folder but not the names of the inpaitput data files. The names and extensions of the
input and output data files oflancSysproject are set by the program internally and do not
change from one project to another. A more detailed discussion on the contents of the input and
output data fiés of the model is provided @hapter 5

1.3.3.b.Contents of theHelpDocAndLiteraturefolder

Opening heHelpDocAndLiteraturdolder shows that itontainsthirteendocumentsn
Pdf format. Thecontents of some of thedecuments are used hincSysashelp information
resources that can be accessed throlgtHelp menu from the user interface. The documents in
this folder also include selectedset oftechnical literaturéhat relate to lineamove and center
pivot hydraulicsthat can be accessed throughlietp menu of the GUIA more detailed
discussion on the contents oétHelpDocAndLiteraturedider is provided irSection 51.2.

1.3.3.c.Contents of theTemplates_InputDataFilesolder

TheTemplates_InputDataFilesléter contains input datles for lateralswith number of
spans ranging betweera6d12. The contentandformatsof these files are used hyncSysas
templates for creating the input data file for a new profecain be observed thairéctly under
the Templates_InputDataFiles foldbere are three subfoldeBrptubePrvEmitter,
DrptubeEmitter, and EmitterOnLafhese foldersontain the input da template filegtext files
with extension Inpjor the DroptubePrv-Emitter, DroptubeEmitter, and Emitte©On-Lateral
system configuration options, respectively.

For instance, openinttpe subfolderDrptubdrvEmitter (under thefolder
Templates_InputDataFileshows thait contains a total of eight tektes. Sevenof them have
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the extension Inpndrepresent the input data template filkkslso has &eadme filewith the
extension Txtwhichcontains information about the conteatsl format of the text files in the
current folder.

Although the exact contents differ, the number, names, and extensions of files in the
DrptubeEmitter and EmitterOnLat system configuration folders are the same as those for the
DrptubePrvEmitter folder Further discussion on the contents of the Templates_InputDataFiles
folder is providd in Section 51.3

1.3.4. Uninstall

LincSyscanbeuninstalled following standand/indows proceduréor uninstallng a
program.To uninstallLincSysthe user needs selectControl Panefrom the start menin the
us er Wsmdowsesktopin the control panel windowelick ontheoption Uninstall a
programunderthe headingProgramsThis leads to th€ontrol PaneHome window In the
ControlPanel Home windownove themouse pointeto theentryInstall_LincSys, which is the
name of the installer, and thelick the left mousdutton. This opens up a da@vnmeny then
selecing the optionUninstallwill initiate the processf uninstalling tle program

1.4. Disclaimer

LincSysds designedo analyze and evaluate the hydraulic performance of lmeae
and centepivotirrigation systems. Authors haveadesignificant effort to identify and correct
softwarebugs (syntactical and logical). Howevtre authors cannot guarantee that the software
is completely free obugs. Furthermoregs amathematicamode| LincSyss based on a
simplified abstractionconditioned by limiting assumptionsf, amorecomplex reality Thus,
judicious interpretation and application of outputessential foa proper use of the model,
which for the most patris an engineering judgement call. Being cognizanthese factshe
authorsand the University of Arizonmaintainthat theyassume or accept no liability or
responsibility of any kind arising from the installation and use of this pragram

1.5. Contents of theLincSysUser Manual

The contents of thidocument igresented isix chaptersChapter 1 provides a quick
introduction to thea.incSyssoftware, including a discussion on the features, layout, and
functionalities of the user interface, system requirements and installatioiiieandnagement
and directory structure. Chapter 2 presents a brief description oftimmar and centegpivot
irrigation systems and their significance. A summary of limeave and centepivot lateral
hydraulics, as implemented in the computational mh®dfLincSys is presented in Chapter 3.
Chapter 4 describes the features and functionalities of the graphical user intetiacSgs A
description of the contents and format of the input and output data files and the directory
structure used blincSysto manage and track data files is presented in Chapter 5. A discussion
on model evaluation results and application examples (sample projects), copied limc ys
inputoutput data folders during installation, is presented in Chapter 6.
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Chapter 2. Linear-move andcenter-pivot systems Importance and system
description

2.1.Importance
Centerpivot and linearmove systems are used to irrigatevide variety of crops under a
range of conditions (Gregg, 200Zhese systemaccount for about half of the irrigated acreage
in the U.S(FRIS, 2008 andareexpandingWith applicationefficiencyexceeding 80% and
coefficient of uniformity greater time0.85(Keller et al., 180), linearmove and centegpivot
systems can beonsidered among the most efficient irrigation methods
High pressure impact sprinklers were commonly useddearly versions ofenter
pivot systems (New and Fipps, 201Bpwever, becausa energy costs and efficiency
considerations, impact sprinklers are now recommended only in special applications such as land
application of wastewatekore closely spaceaW-pressure spray nozzlesupled tgoressure
regulatorsand dop-tubesare often used irecentsystemgboth centeipivots and lineamoves)
to minimize energy consumpti@ndwind drift and spray evaporatidassesMainly because of
their amenability to automation these systemsansideregarticularlysuitable for site
specific application of water and agricultural chemicals and have minimal labor requirements.
Centerpivots are much more widely used in the U.S. than limaave systems. Linear
move systems generally have higher initiaktper unit area of irrigated land, higher labor costs,
andthe need for a separate guidance mecha(iantin et al., 2007). Furthermore, lineaove
systems are suitable orflyr terrainswith moderateand gentleslopes not exceeding 3%awhile
centerpivots can be used in fields wigentlyrolling terrains and steeper slopestéhtial
complexities associated withater intake apparatusspecially when water is supplied through
an underground pipeline another limitation of lineamove systems compared to cerparots.
Linearmove systems, nonetheless, hagmeadvantages over cemtpivots, including
the capability to fully irrigate aquare fieldvithout the need for additional accessories at the far
end of the system, the cajilék to irrigate rectangular fielg and to maintain low application
rates over the entire lateral length.

2.2.System description

A linearmoveor acenterpivot irrigation systenis aself-propelled machine consisting
of asteel or aluminunhateral that apgi water to crops in the form of precipitation,iamoves
acrosghe irrigated field. Lineamove systems travel a straightline irrigating arectangular
field. Centerpivot systemson the other handoptate about a pivot point fixedd a permanent
baseand irrigate a circular arealthough various accessories can be used to irrigate parts of the
field corners

Linearmoveandcenterpivot laterak aregenerallyplaced at a suitable above ground
clearance atop an elevatgldtform, consisting of structural elemer{tsusses, cables, and
support towersen wheel, drive units and alignment mechanisms that support and propel the
system as well as keep it alignéthearmove systems also require a separate guidance system
that keeps it on course aloagsettravel direction during irrigation.

A sketch of a typical lineamovesystempbtaining its supply from a canadith an
intake apparatus, a pump, and a power unit attached to itehdes depicted in Figuiza. The
lateralis comprisedf a series of arched spans conneci¢their lowest pointswith flexible
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and drive unit (fromection ata-a, Figure 2a), and (c) Sketch of a cerp@rot
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jointsthat allow relative movement between adjoining sp&ash span has multiple regularly or
variably spaced outlet ports.

Although high pressure impact sprinklers placed directly on the lateral outlet ports were
used in edy versions of centepivots, recent machinedoth centepivots and lineamoves)
typically use more closely spaced lpressure spray nozzles to meter outlet discharges along
the lateral. These systems often use d@rible tubing(known & droptubes)to convey water
from outlet pors down toemittess, which aresuspended at a cdast above ground clearance
(often under the crop canopy so asnioimize droplet wind drift and evaporation logs@he
spray nozzles argpically combined withaccessories known as wear panels (which are fixed or
rotating)to producea range oprecigtation patterns that may suit different applications.

A curved rigid tubing, called gooseneck connector, is used to connect each outlet
porton the lateralvith a droptube.Drop-tubescan befitted with pressure reducing valvgsvs
(Figure 2b).Some systems hayevsinstalled at the inleend of the drofiube. Other systems
haveprvs placed at the lower end of the drtybe,just upstream of themitters(Senninger,

20179). In the system considered in thimcSyssoftware,it is assimed thaprvsare placed
immediately upstream of emitters.

As noted earlier, the use of precision applicédooptubeprv-emitte) assembliess
emission devises tmeter outlet discharges across a lateral at a presétamtaultiple
advantages, including higitrigation uniformity and dfciency, a more uniform application of
plant nutrients and other agricultural chemicatgjreduced energy consumptiorhese sgtems
are also particularly suitable for variable application of water and agricultural chemicals.

A centerpivot irrigation system equipped with precision applicators is depicted in Figure
2c. Figure 2 shows that the structural elements, hydraulic comyoaed geometric features of
centerpivots are the same as those of linemve systemslhe principal differences between
these systems are the mobility of the irdat support tower (i.e., stationarymobile), the
mode of motion of the lateral (i,eircular orlinearktraightline), and if there is a need for a
separate guidance mechanism or not.

Figure 2 depicts systems equipped with precision applicator assemblies for metering outlet
discharges along the late(ak., systems witroptubePrw-Emitter configuratioroption).
However, as noted earliar Section 1.1.3LincSyscanalsosimulate the hydraulics afystems
fitted with differenttypes oflateral outledischargametering apparatuseNote that the term
emitter is used here in theoader sense to describe various water emission devices used in
linearmoves and centgivots, including high pressure sprinklers placed directly on lateral
outlet ports and low pressure spirayzzles fitted to droptuberv assembliesr to droptubes

Chapter 3. Hydraulic simulation module of LincSys assumptions,equations,
and numerical solution

3.1.Areview

Flow in centerpivot andlinearmove systems are generally considered steady.
Accordingly, forms of the energyonservation and continuity equations applicable te one
dimensional steady flomm pipes(Granger, 1995) can be used to describe the hydraulics of such
systems. Hydraulic modeling and desigrspfinkler irrigation systems, includiragnterpivots
and linar-movesrelied mainly on analytical formulations or simplified numerical appresch
(e.g., Keller and Bleisner, 1990; Matrtin et al., 20@Vstepwise approaciior computng

21



pressure distribution along a cenpavot latera) with a specifieadutlet dicharge profilewas
proposed b¥incaid and Heermann (197@onsidering continuous and nonuniform outflow
discharge profile, constant lateral diameter, and zero ,sGipeand Moe (1972) derived
equations for the pressure head profile of a ceuitent lateral. Scaloppi and Allen (1993)
extended the results of Chu and Moetdiking into account the effeab$ constant slope and
residual outflow discharget the distaknd on lateral hydraulicEquations for computing
friction head loss in centguivot laterals were proposed by Anwar (1988 Tabuada (2014)
among othersValiantzas and Dercas (20G#grivedexpressions for hydraulic analysis of
variable diameter centguivot laterals based on both continuous and discrete outflow
assumptions. A model falesign and evaluation of cenf@vot systems, CPED, was presented
by Heermann and Stahl (2006).

Thedesignof linearmove irrigation systemsas discussedy Keller and Bleisner
(1990). Fraisse et al. (1995) reported the resultssohalation studyconducted using a version
of the CPED modebn variable water application with linearove systems. Published studies
on hydraulic analysis of lineanove irrigation laterals are limiteéowever, thegeometric
features and hydraulic cqranents of lineamove and centgpivot irrigation systems are
generally the same. The principal differences between these systems are the mobility or lack
thereof of the inleend support tower, the mode of motion of the lateral, and the need for a
separge guidance mechanism for lineaove systems. These differences are considered not to
have appreciable effect on the basic hydraulic principles governing flow in these systems and
applicable equation3.hus, in practice the hydraulics of these systmmensidered identical.

The hydraulic module of theincSyssoftware HydrSimLaterad.exe is based on a
numerical solution of thenedimensionakteadystate pipe flow equatior{&€erihun and
Sanchez, 2019a). A unique attributef HydrSimLateras.exemodel,compared to earliazenter
pivot and lineaimovehydraulic models, is that takes intcaccounthe effects obpan geometry
andkey lateral componentsad@mely,prvs anddroptubes)onthe systenhydraulicsandalsohas
sufficient flexibility toaccommodate variabilities in lateral hydraulic parameters and field
topographyThe modekan be used to determittee hydraulic performance aflinearmoveor a
centerpivot irrigation systemgiven the lateral hydraulic, geetric, and topographic parameters
as input. Specifically, model input parameters include lateral diameter, pipe hydraulic resistance
characteristics, number of spans and span geometry, field slope, spacing between outlets, and
emitter hydraulic charactstics, among others. Furthermore, for systems with precision
applicatorsthe hydraulic characteristics of the pressure reducing valmes are required
inputs. Model outputs include the total head, lateral discharge, lateral pressure head, head
differential across emittgrfriction and local head losses, velocity heaal] emitter discharge
profiles along the lateral. Additional model outputs are the uniformity of emitter head differential
andemitterdischarge profiles.

As noted earlier, the hydraclmodule of thd.incSysmodel is capable of simulating the
hydraulics of laterals with thredifferentoutlet discharge metering configuratioQg:systems
that useprv-emitter assemblies, fitted to dropbes, as emission devices to meiatiet
dischargesit a preset rateacross the lateral (labeled hereDasptubePrv-Emitteror precision
applicator configuration)ji) systems that use emitters attached to -dubps to meter outlet
discharges across the lateral (named as DrogEumigter configuration), anglii) systems in
which emitters are placed directly on the lateral (desdiieee as EmitteOn-Lateral system
configuration)
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3.2. Particulars oflinear-moveand center-pivot laterals

From the perspective of hydraulic modeling, the jmgethat conveys water across a
linearmoveor a centepivot machine is essentially an irrigation latefdbnethelesghese
lateralsdiffer from theconventional irrigation lateralsf solid-set or semove systems the
following respectstheymove across the field éiseyappl irrigation water they arecomprised
of archedspansplaced on an elevated platforamd are often equipped with precisio
applicators that are suspended from the lateral at a suitable above ground clearance

Assumptions pertaining to the effects of lateral movement and span curvature on lateral
hydraulics and the approaches usedintSysto modelprv effects (in the sysims that are fitted
with pressure regulators) will now be discussed. Before that, howeweef description ofrvs,
prv operating modes, and their effects on lateral hydraulics will be presented.

3.3. Pressure reducing valves and their effects diateral hydraulics

Systemswith precision applicatorgsepressureeducing valvesprvs to regulatepressure at the
emitterinlet. A prvis ahydraulic network elemenbhatreducs excesgpressuratits inlet-endto
a presetdownstream pressure, knownms-set pressure, provided the pressure apthénlet
is within a(manufacturer) recommended ranBecause emitters aptaced immediately
downstream o& prv, the prv-set pressure is essentially the emitter inlet pres$tepractical
irrigation managemenmninplication (of such an arrangement of the system compongsitsat i
pressure along lateral ismaintained asucha levelthattheinlet pressures to alheprvsin the
lateralare within theeecommended rang&henthe emitterhead differentialsand hencehe
corresponding emittatischargs, will become constardlong the lateralThisshouldthen lead
to a uniformapplication ofirrigation and agricultural chemicaldowever, if aprv is operatecht
an inlet pressure that falls outside the recommended réreyghe prv will not function as a
pressure regulator and it will have distinctly different effects on the hydraulics of the lateral.
Forprvsused in lineamove andcenterpivot sprinklerirrigation systems three distinct
operating modes can be discerned (Zerihun and Sanchez, 20)l8a)ive modes one in which
theprv-inlet pressure is within the recommended rangetila@drv actively regulatethe emitter
inlet pressurg(ii) Passive modeonsists of a scenario in which the-inlet pressure is less than
the minimum recommendéddr theprv to operate reliably in the active mode. In this operating
mode,theprvis fully open and hence no longer regulates pressure, ins@ad as a passive
network elementAnd (iii ) Fully-throttled modas one in whichthe prv-inlet pressurexceeds
the maximunrecommendedbr theprv to operate reliably in the active mode. In this operating
modetheprvis nearly or fully closed and hence emitter is no longer considered operational.
For a giverprv model, theprv-set pressure can vary overangeHowever for a
particular application, thprv-set pressurs fixed ata suitable leveby the manufacturde.g.
Senninger, 2018). The minimumrecommendeg@rv-inlet pressure is defined here as the sum of
theprv-set pressure and the minimum required pressure head margin betweenrsttie
pressureandthe prv-inlet pressurdor theprv to operatereliably in the active mod&.he
minimum requiregressurdead margins often specified inthervmanuf act ur er 6 s
well (e.g., Senninger, 20&y The maximunprv-inlet pressurer its range of variatiors
typically specified in the manufacturers catalogue.
Theprv operating modes, described above, have direct effect on the computational
algorithms applicable to the solutiontbe hydraulic simulation problem of these systefs. a
prv operating in the active modie attached emitter is hydraulically separatechfthe effects
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of the flow dynamics upstream of tpev, hence emitter discharge candieectly calculated with

the emittertheaddischarge equation as a function of pine-set pressure. F@rvsoperating

under the passive mode, however,dtitachedemitters interact directly with the system

hydraulics upstream and hence emitter pressure and discharge can only be computed using the
same approach as that used for syst&ithout prvs(Zerihun and Sanchez, 20XZerihun and
Sanchez, 202 Zerihun and Sarez, 2019b)For prvsoperating under fully throttled mode, the
attachecemittess areconsiderednoperatve, thus therareno emitter dischargeA more

detailed discussioan the full range of operating modespo¥s that are used in irrigation

laterals their effects on system hydraulics, and applicablaputational methods are provide by
Zerihun and Sanchez (2019a,b).

34. Definition of the linear-move and centepivot lateral hydraulic simulation problem

3.4.1.Concepts and assumptions

For computational purposes a lateral is schematireeas a connected series of pipe
segmentsreferredto as latera(pipe) segmentsA lateral segment is typically delimited by
outlet pors at both ends. However, it can als®delimited by an outlet port at one end and by
the inletend of the lateral, a span joint, or simply by a point (on the lateral) with a known
elevation at the other. In cases where emitters are widely spaetaderl pipe segmentsay
need tdoe smaller than the outlet spaciieg a more precise representation of lateral geometry
and elevation profile. Under such a scenario, lateral pipe segoznbe delimited at both ends
by points that, have knowatevationsbut, are not outlet ports.

The configuratiorand modes of operation aflinearmoveor a centeipivot lateral
consideredn LincSysneeds to satisfy a set@quirements(1) A lateral pipe segment is
characterized by its slope, diameter, hydraulic rasc parameter, and lendih other words,
the slope, diameter, and hydraulic resistance of a lateral pipe segment are c¢Rsldre)
parameters of lateral pipe segments as well as the hydraulic characteristics of emitiers can
constant or variablalong a lateral(3) The lengths of the lateral pipe segments and-trbps
(where applicableare sufficiently large for the flow within these network elements to be
considered fully developed and hence the uniform flow friction head loss equatiores can b
applied to calculate energy loss within th€#).Flow velocitiesandthe curvature of the arched
spans are sufficiently small for pipe curvature effects on the hydraulic resistance of the lateral
pipe to be considered negligib(®) The travel speeds of linearove and centgpivot machines
are sufficiently small for thdynamic effects of lateral movement on its hydraulics to be
considered negligibl€6) The angular velocity of centgivots is sufficiently small not to have
appreciable effects on cerfg@ivot hydraulics(7) For systems witlprvs it is assumed that dac
droptube along a lateral is fitted withpav-emitter assembly at its downstream €i8).The
model, size, sgbressure, and other parameters ofptwsinstalled in a given lateral atiee
sameAnd (9) A lateralpipe segmendloes not contain inlineesices that add energy into the
system, but pipe appurtenances such as valvesaumpidersand bends can be placed anywhere
along the lateral
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3.4.2. Irrigation lateral as a branched hydraulic network

For the purpose afiydraulic modeling, a lineanoveor a centepivot lateral is treated
hereas a branchelydraulicnetwork consisting of linkdelimited bynodes (Figur&a). Lateral
pipe segments and outlet flow metering apparatuses are considered as hydraulichigkseln
3a, horizontal line segmentgpresentdteral ppe segmerg, wherea®utlet discharge metering
apparatuses (i.edropubeprv-emitterassembliesgroptubeemitterassemblies, ac@mittersas
the case may Dare depicteas vertical linesNote that helink dischargs, Q, aresystem
unknownsand need to be determined as part of the hydraulic simulation

Thenetworknodes consist of fixed head nodes and junction nodes. The fixed head nodes
are boundary nodes and include the lateral amiettthe exit ends of eaemitter These nodes
eitherhave a known total hedds in the case of the lateral inlet)have total heads that can be
defined in term®f the discharge and elevation of individeatitters thus they do not need to be
specificallytreated as unknowns of the hydraulic simulapooblem.On the other hand,
junction nodes are points along the lateral at whichamrore links ee joined (Figure8b and
3c). These includspanjoints and other nodes where lateral elevations are defined, but no outlet
ports exist (referred hees norofftake nodes) and nodesere drogtubesor emittersconnect
to lateraloutlet ports described here axftake nodes)The total headH, at each of the junction
nodes are system unknowns and need to be determined astharhydraulic computain.
Note that norofftake nodesthat do not have network elements that can cause local energy loss,
are treated heras junction nodeso as tallow a more accurate representation of the lateral
elevationprofile and its effectsn lateral hydraulics.

As can be observed from Figude, for computational convenienitas assumed here
thata junction node representingnan-offtake point along the lateral, such as a span jointahas
virtual link with zero discharge attached toNiote that with this cavention, each of the odd
nodalindexesrepresent a fixed head node and all evedalindexesrepresent junction nodes.
Furthermore, all of the odd link indexe=present lateral pipe segments and each of the even
indexesrepresent an outlet metering apparatus or a virtual link with zero discharge.

3.4.3. Specification of the lateral hydraulic simulation problem

The problem of interegtereis hydraulic simulatiorf alinearmoveor a centepivot
lateralthat uses any of one the three outlet discharge metering configul@iésiesibed adier
in Section 3.1and isoperated under steaflpw condition Thus, hemodelingobjective is to
determine all the link discharges and tioelal heads (heads at junction nodes), given the
elevation profile and thgeometricandhydraulc parametersf the lateralincluding the total
head at the inlet. Forms of the energy conservation and continuity equations, applioakle to
dimensionabkteady flowin stationary and straight pipelinesin beused to model the hydraulics
of theselaterak.

Accordingly, a continuity equation can be written for each junction node and an energy
balance equation can be formulated across each link. For a datexallhydraulic simulation
problem these equations can be coupled to form a system of nonlinear equations that can be
solved iteratively (Zerihun and Sanchez, 2017). Howdherhydraulic module dfincSysuses
computationamethodsapplicable to hydraulic manifoldg.g., Hathoot et al., 1994; Zerihun and
Sanchez, 2014) teolve thehydraulicsimulation problenof linearmove and centepivot
irrigation systems. The conventional manifold approach is applicable only to laterals with
DroptubeEmitter and Emitte©On-Lateralconfigurations (i.e., laterals that do not haves). For
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Figure3. (a) Schematicsf a linearmove or centepivot lateral as a connected series of links delimited by nodes, (b) an offtake junction node
andattached links, and (c) a narfftake junction node (i.e., a node without an outlet) and attached (Mé&& (i) node index angl] is
link index, Q is link dischargeH andZ arenodalhead and elevation, respectiveiyndH, = total lead imposed at the lateral inlet
Furthermore, for computational conveniencés gssumed here that a virtdiak with zero discharge is connected to each-oiftake
junction node)
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systems wittprvs on the other handhe basic algorithm developed as such needs to be modified
to account for the particular conditions tpatsimpose on the hydraulics of these laterals.

Details on the formulation and numerical solution of the hydraimulation problem of
linearmove laterals as implementedlimcSysare provided by erihun and Sanch€201%,b).
Thus, only a synopsis of the hydraulic equations and numerical solutions will be presented here.

3.5. Equations
3.5.1.Link energy balancend nodal continuityequations

3.5.1.a.Equations for the pnction nodes and attached links upstream of the distald node
offtake nodes

The basic numerical algorithm of manifold hydraulics involves a series of iterative
computations that begins at the dis¢égid junction node and proceeds upstream sequentially
through each junction node ending at the lateral inlet. At each node, the nodal continuity
equation and the energy balance equations for the attached links (wihica $onall quasilinear
system) are solved iteratively for the nodal head and the respective link discharges.

Now, consider two consecutive offtake node®deg and(j+2) 1 in Figure3a and the
link that carries discharge from nop® (j+2), i.e., thgi+1]th link. As noted earlier, each
lateratwide hydraulic computation proceeds, sequentially through the junction nodes, in the
upstream direction starting from the distéad. Thus,the head just upstream of t&2)th node,
H0*2  and the discharge through flie1]th link, Q ™Y, would be treated here as variables
whose values have already been determined in the preceding computatioriah stepother
hand, he head just upstam of nodg, H/, the discharge into nogeQ Y, and the discharge
through theth link, Q', would be considered as unknowns.

Considering a system with a drtybeand emitter assemblyp(optubeEmittersystem
configuration option)it can be observed that for junction ngdiaree equations consisting of
two link energy balance equations and a nodal continuity equation (expressed as a function of the
nodal headH /, and the link discharge® Y ard Q') can be formulated. Substituting the nodal
continuity equation in the link energy balance equations and simplifying yields a pair of
nonlinear algebraic expressicas a function oH’ andQ'.

, 0 I 0 B*“Q0) O Tt (1)
B “ "QU 0 0 (o) Tt (2)

Equation 1 is thenergy balance equati@ong the path connecting a point just upstream of the
jth junction node and th@g+1)th node(Figure 3a), expressed in terms the unkno@handH /.

In Eq. 1, the first term on tHeft-hand side is the friction head loss in the dialpe the second
term represents the head differential actbegmitter, the third term is the sum of all the local
head losses (including branching loss afjtthngunction node, bending loss at the connector if
applicable, and others losses if any) thauoet the inlet tpandover,thedrop-tube; and the

fourth and fifth terms are the head just upstream ojtthjanction node and elevation at the
(j+1)th node (i.e., elevation of the emitter), respectively (Figure 3a).
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Equation 2 is the energy balance equation along the path connecting points just upstream of the
jth and(j+2)th junction nodesexpressed in tern@' andH 1. In Eq. 2, the first term omeleft-

hand side represents the sum of the local head losses that occur liképeants just upstream

of thejth and(j+2)th junction nodesthe second terns the head at thigh junction nodethe

third term is the friction head loss in the1]th link, and the fourth term is the head just

upstream of th§+2)th node.

In Egs. 1 and 2x'is the hydraulic resistance coefficient of the friction head loss equation
[T?L]; b'[T/'LE3D] and/' [-] are parameters of the emitter hatischarge functiong' is the
parameter of the local head loss equation fogthgipe appurtenance in thitd link [T%/L5];
and’Q0 is an expression defd as some function @ '. The form of théQ0  function will
be defined later in this section.

As noted earlier, Egs. 1 and 2 apply to a system that uepmbeemitterassembly to meter
outlet discharges along the lateral. On the other hatig lateral configuration is one in which
the emiter is placed directly on the lateral, then the friction head loss term in Eg. 1 would
become zero and the local head lessmwould be reduced to that of a branching loss at the
lateral outletThus, theenergy balancequationfor theith link simplifies to

o pQl 0 O T A3)

Equations 1 and 2 constitute the basic séihkfenergy balance equatiqrisr a system with
DroptubeEmitter configuration expressed in terms of the variab@sandH . Equations2 and
3, on the other handpnsist of theorrespondindink energy balance equatioffer a system
with Emitter-On-Lateralconfiguration), alsoexpressed in terms of the variab@sandH /.

For each junction node and attached lirkgs. 1 and 2(for the DroptubeEmittersystem
configuration optiopor Eqgs.2 and 3 (for theEmitter-On-Lateralsystem configuratiorare
solvediteratively for the unknown&Q ' andH /) using the Newton method (Zerihwand
Sanchez 2019b). The inflow discharg®, (-Y, to thejth node can be then determined with the
nodalcontinuity equation

U U v T

For a systems witBroptubePrv-Emitter configuration optionfEgs. 1 and are solved in full
when aprv is operating in the passive mofmte that under such a scenario, local head losses
associated with thprv needs to be taken into account in Eq.IL)on the other hand, thav
operates in the active mode, then a modified form of these equations and a giffecedtire is
used tacomputeQ ', H1, andQ(-Y. Details of this procedure jmovided by Zerihun and Sanchez
(2019b).

3.5.1.b.Equations for the junction nodes and attached links upstream of the distad node,
non-offtake nodes
As noted earlier, a neofftake junction node is a point along the lateral where two lateral
pipe segments join and no outlet port exiBtgure 2c. If thgth junction node is a neofftake
node, therthe discharge in thigh link, Q', is 0. It then follows from continuity that the
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discharge in théateralpipe segment that carries flow into the no@é;%, is equal to the

discharge in the lateral segment that carries flow from the tfé). Noting thatQ (*+1)

has already been determined in the preceding computational step, lite readily obseed

(from the equivalence @ Y andQ b)) thatQ (V) is also known. The implication is that for a
nonofftake junction node, the nodal computational problem can be reduced to one of finding the
total head just upstream of the junction nddé, Given thatH (*2 has already been determined

in a preceding step] ! can be computed directly from the energy balance equation for the

[i+1]th lateral pipe segment, Eqg. 2.

3.5.1.c.Equations for the distalend node

Unlike the other offtak@odes, aithe distéeend nodehere is only one linkhat carries
discharge from the nodaamelythe link that represents the dis@ald outlet discharge metering
apparatugwhich islabeled in Figure 3a as tlth link). Thus, a slightly different compational
approach need to be used at the distal node.

While the headjust upstream athe distalend node and discharges in the attached links
(Q UV, Q', andH ) are unknows, only two equationgconsisting othelink energy balance
equationacross théth link andthenodal continuity equation at tld¢h junction nodég can be
formulated. However,notingthat there is no lateral pipe segment that carries discharge from the
node,it can bereadilyinferred fromcontinuity thatQ (V= Q.

Now, substitutingQ ' for Q Y in the energy balance equatiofithelth link and
simplifying, results inan expression similar in form to thatked. 1(for asystem witha
DroptubeEmitter or DroptubePrw-Emitterconfiguration optionandanotherexpressiorof the
same form ag&qg. 3(for anEmitterOn-Lateralsystem configuration optignNote that a form of
Eq. 1, applicable to th&h link, can be applied tBroptubePrv-Emitter configuration option
only if the distalendprv is operating in the passive mode. If, on the other hanghrthie
operating in thectivemode then amodified form of the equation and a different procedure
need to be used (Zerihun and Sanchez, 2019b)

Based ora form ofEq. 1(or Eq. 3) applicableotthe distalend junction node asome
modification thereof, as the case may blateratwide hydraulic computatiooan benitiated at
the distalend nodevhere a presdbtal heads used to compute the link dischar@e.
Determination ofQ ¥ follows automatically from the equivalence®@f'"? andQ'.

Note that n the context of &ydraulic simulatiorof a lateralthe distalend nodal head,

H Y, is set taan assumed initialodalhead (in the first laterakide iteration) otto a revised
estimate of the nodal head in subsequent iterat®estion 3.7.

3.5.1.d.Equationsfor the inlet-end node

As can be noted from Figure 2he inletend node is attached only to tiyestrearrend
lateral pipe segment, i.e., link #llhere is no link that carries discharge into or an outlet
metering apparatus that carries discharge from theenkginode. Furthermore, at the end a
laterakwide computation, the discharge in link #£L, and the head at a point just upstream of
node #2H ?, have already been determined in the preceding computational step. It, thus, follows
that the only unknown left to determine at the end of a |lateiced computation is the total head
at the lateral inletd 1, which @n be calculated directly from theezgy balance equation for the
upstrearend lateral pipe segment, Eq. 2.
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3.5.2. Equationsof friction and local head losses
Noting that the DarcyVeisbach formula is used to calculate friction head loss in the
hydraulic module oLincSysthe hydraulic resistance coefficiemf,can be given as

; Q’O a v

wherek; is a dimensional constant in the friction head loss equfih]; fis the friction factor

for a hydraulic link -]; I is the link lengtHL]; andD is the link diametefL] . In the model
presented here, fét ¢ 400Q whereR is the Reynolds numbehé link friction factorf, is

calculated with the friction factor formula applicable to laminar flow in pipes. For turbulent flow
(4000 < R, f is computed through iterative solution of the Colebrtdikite equation. The exact
formulation of the ColebroekVhite equation used in the model presented here is given by
Zerihun and Sanchez (2017).

As noted earlier, the expressiBn“ "Q0 , in Egs. 1 and 2s the sum of all the local head
losses that occun a droptube or a lateral pipe segmenheqthlocal head loss component in a
link, hi [L], which may occur acrogspe transitiongsuch as pipsize changesouplers tees,
bends valveg where the lbw is constrained, changes direction, or changes velapity
calculated witithe equation

~
g

Q “0Oh 0Mi O QE 0
O

In Eq. 6,” is local head loss paramef&r/L], ki is a dimensional constajft?/L], andk, is the
local head loss coefficient of an appurtengnte

Note that depending on the source of the local head loss, the link discaagd,
diameterD, applicable to Eq. 8ary.For scenarios in which the disarge and/or diameter
upstream of an appurtenarar@differentfrom those downstream of the appurtenatioe Jink
dischargeQ, and diameterD, applicable to Eq. @re (i) for local losses associated with
branching, lineflow, and suddeexpansiorof the lateral crossectional areapplicableQ andD
are thosassociated with think carryingdischarge into the pipe appurtenance that caused the
head losand(ii) for losses associated wisuddercontractionof the lateral crossectional area
applicableQ andD arethosecorresponding to thnk that carries discharge frothe
appurtenance

Alternatively, for appurtenances across which link discharges and diametehe same
(whichmay include losses associated with bending, couplers, valves, and equivalent head
losses)the througklow discharge and the local link diametan beused

Based on thseobservatios, it can be shown that the expressi¢®) in Egs. 1 to an
be expressed in terms of the unknown disch@'ges follows

0 0 h QOG0 E GO&EE ¢ X
"Q0 0 ¢h 0 0 h'Q Qid'Q6 & ¢ & ¢ i
Q0 0 0 h "QQQihQ6 ¢ 0d W ¢ w
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Note that Eq. Ts applicable tdocal head losses that occur withidraptube, such as bending
and valve losses. Equation 8 is applicable to losses associated with brdloshjtige-flow,

and sudderxpansiorof the lateral crossectional areaall of which occur at junction nodes.
Equation 9 is applicable to lossestthacur at suddeocontractionof thelateral crossectional
area which alsooccurat junction nodeg=quation 9 is also applicable to local head losses that
occur within a lateral pipe segment across couplaises,andalsoa series of appurtenances
that are placed in close proximity to one anotrat hence their effects are represented by an
equivalent head loss coefficient.

3.6. Numerical solution

Given thehead at thelistatend junction nodeH 7, thelateralgeometricand hydraulic parameter
set and thdateral elevation profilea successfuateratwide computatiordetermines the
correspondindink discharge and nodal headctor, [Q,H]. Note that his implies thathetotal
head, and hence dischargegtorof a lateralare uniquely related to the head at the distal
node. Howeverthe solution oflateral hydraulisimulation problem requires the determination
of a unique discharge and head vedt@;H]o, corresponihg to a specifiedateralinlet head,

Ho. This requiregnultiple iterative sweeps across the latévadetermine theistalend nodal
head H %, thatleadsto thelateraldischarge and head vectp@,H]o, with an inlet headHinet,

that is sufficiently close télo.

In the context of lateral hydraulic simulatiegch lateralwide hydraulic computation
(iteration) begins at the distahd junction node where an assumed initial nodal head (in the first
iteration), or aevised estimate of the nodal head (in subsequent iterations), is used to compute
the discharges in the attached links. Computation then proceeds upstream sequentially through
each junction node, where a nodal continuity equation and link energy balaatemrs are
solvedfor the nodal head and the discharges in the attachedZiekéiun and Sanchez, 2019b)

A lateralwide hydraulic computation ends with the determination of the corresponding total
head at the lateral inlet. At the end of eltbralwide sweep, an error metric that measures the
difference between the computed head at the lateral inlet and the actual imposed head will be
compared with a preset toleran€e0001m) to ascertain convergence.

If convergence is achieved, then the nodal featlink discharge vector® andH,
computed in the current iteration will be accepted as the solution to the hydraulic simulation
problem. If, on the other hand, the error in the computed lateral inlet head exceeds the tolerance,
then a revised estimaté the head at the distahd junction node is calculated and a new lateral
wide iteration is initiatedT o systematize the searfdr thedistatend head that leads to a
combination ofQ andH vectors with an inlehead that is sufficiently close to theposed head,
the simulation module dfincSys HydrSinLaterals.exe usesa onedimensional error
minimization (optimizationplgorithmdeveloped ased on the goldesection methodZerihun
and Sanchez, 2019b).

In summary HydrSim_aterals.exeusesa pair of coupled computational modules,
consisting of a hydraulic modu(evhich performseach ofthe lateralwide iterative sweeps
described aboyend a onalimensional error minimization module systematize the search for
the[Q,H]o vector.
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Chapter 4. LincSysuser interface Features andfunctionalities
4.1. The Graphical User Interface (GUI)

4.1.1.An overview

As notedin Section 1.1.1, theincSyssoftware is comprised of a pair of executable files:
a hydraulic simulation modulélydrSiniLaterals.exe and a Graphical User Interfacal)
through which the user interacts with the computational module. The user interface and the
computational modulere coupledhrough an application programming interface that uses the
CreatProceshinction.

Data exchange between the user interface and the simulation module takes place through
text files. Input data, edited within the user interface, is transferrbe tsimulation module
(HydrSimLaterals.eXeand output data from the simulation module is relayed back to the user
interface LincSys.exeusing space delimited text files.

TheGUI is a tabbed form designed to provide access to profynactionalities,
consisting of project managemeardpreprocessing, processing, and postprocessipgoggct
data. While the preprocessing model functionality pertaihsntcSyscapabilities and user
interface features that allows the display and editing of input data and the handling of input data
files, the data processing functionality refers to model capabilities related to lateral hydraulic
simulation. On the other hand, sere components and user interface features for displaying
output data and charts and the handling of output data and charts files constitute the
postprocessing functionality of the model.

The GUI ofLincSyswas developed with thBasic programming langge in the Visual
Studio Integrated Development Environment (VS 2019) and it is based on the Windows Forms
for .Net Framework Ver. 4.8t is comprised of foutabpagegthe SystemsProjects thelnput,
the Output, and the ChatbpageFigure 1), eachrpviding access to a set of program
functionalities of the model.

The SystemsProjectstabpageepresents the main entry point to thecSysmodel. It
provides access to the other tabpages and also to project management functionalities.

Thelnputtabpa@ enables access to the preprocessing and processing functionality of the
model . It is the window in which the current
It is also the tabpage from which a simulation run of the cubiesSysproject can be
conducted, if necessary.

TheOutputand Charts tabpages provide access to the postprocessing functionality of the
model. While the Output tabpage is where the output data from a new or an earlier simulation
session is displayed, ti@hars tabpage provides access to a series of charts (11 in all) that
display graphical renderings of computed hydraulic parameters.

StandardVindows Forms controls, namely control buttons, textboxes, a listbox, DataGridView
table, a toolbar, a drdpwnmeny label controls, and chart contrakaused tassue commands
navigate the user interfacand perform various program functionalitiBote that inthis
documentcontrol buttons are referred to witlameghat are contextually more intuitive and
meaningful, in place of the more general technical names used in the programming literature.
Table 1 summarizes the names userkefor the inputoutput controls ancheir technicatounter
parts
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Table 1. Conventional technical names of irputput controls used inincSysand names used
to refer to them in this document

Names of inputoutput controls

Properties Function

Name used in .
Technical name

LincSys

Inputbox Textbox Editable content Displays and a[low§ the editing of
nontabular project input data

Outputbox Label Noneditable content| Displays nontabular output data

Displays and enables the editing of the
hydraulic network topological data, lateral
hydraulic and geometric parameters, and
elevation profile data in a tabular format

Input data table | DataGridView Editable content

Displays the hydraulic network topologica
Output data table | DataGridView Non-editable content| data, lateragélevation profile data, and
output parameters in a tabular format

Displays the list of existing projects under
the currently selected system configuratio

Project listbox Listbox Non-editable content . : 4
option and allows selection of a project fol
which simulation is to be conducted

Navigation Windows Formgontrol buttons used to

Control buttons - . )

buttons navigate the user interface
A windows user interfackeaturethat

Groupbox Groupbox - contains a set of related user interface

controls

4.1.2. Starting LincSys

The procedure for installingincSys n t he user 6s coRqgctioh er was
1.2.30f this manual. Following a successful installation, the program icon will appear in the
user 6s comput aindodsstarknmeoupln cderdo runc8ysthe user simply
needs to click on thieincSysicon in the start menu or double click on the icon in the desktop.
This will open a tabbed form (the user interfac&iotSy$ with the SystemsProjectstabpage
enabled and th8ystemsProjectstabcontrol highlighted.

4.2. The SystemsProjects tabpage

The SystemsProjects tabpage the window that the user sees when opehingSys It is the
window thatprovides acced® project managemenmiinctionalities (namelygreating new
LincSysproject, copying a project, deleting an existing projaatirenaming a projegtand help
resources. Th8ystemsProjectswindow also enables access to user interface features that
allows the specification of the system configuratgtion for which simlation is to be
conducted and the selectionlafcSy$current projectFurthermorethe SystemsProjects
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tabpage containsavigation buttongTable 1)that serve ascaesgoints to the other tabpages:

Input, Output, and Chartalthough with some conditionalifsection 4.2.3.cNote that the term
project is used here to refer to all the input and output data files (of a simulation problem) stored
in a folder that bears the name of greject

4.2.1. Features and &yout ofthe SystemsProjects tabpage

The layoutof the System#rojectstabpage is displayed in Figeré and5. The Systems
Projects tabpageastwo types of features. Features that are informational and those consisting
of one or mor&Vindowsuser interface controls that provide accessgmogram functionality.

The SystemsProjects page displays a titlebar at the top and a statusbar at time dbtto
the window (Figure 4), which represent features that serve only informational purpose. User
interface controls associated with the Systéimgects page consists of tabcontrols, a toolbar, a
groupbox with radio buttons, project listbox, and navigabattons (Figure 5).

The tabcontrols (Systent¥rojects, Input, Output, and Charts) are positioned right under
the titlebar. Underneath the tabcontrols are the toolbar icons representing project management
functionalities ofLincSysand a help icon.

In the main body of the tabpage, the image of a line@are/centepivot machine is
depicted. Immediately to the right is a groupbox in which the three system configuration options
(DroptubePrv-Emitter, DroptubeEmitter, and Emitte©On-Lateral) are displeed. Radio button
controls can be used to select the system configuration option for which a simulation is to be
conducted or output data and output charts from an earlier simulation are to be displayed. Next to
the right edge of the tabpage is a Projistbox displaying the list of existing projects under the
currently selected system configuration option.

The System#rojects has three navigation buttons placed right above the statusbar
(Input, Output, Charts) which represent the primary access comtrtiie other tabpages aaul
Exit button for closing the program.

4.2.2. Features of theSystemProjects tabpagéhat are informational: titlebarand statusbar

The content of the titlebar consists(dfprogram icon (i.e., a thumbnail of a lateral
image) and the model 6s n eamndcomeéref thée windevaria) the t he up
standard windows buttons for minimizing and closing windows, shown in the uppenaigiht
corner of the tabpage (Figure Mote that the maximize button is deactivatetl in n cUSer s 6
interface windows, which implies that the size of tiecSysuser interface windows cannot be
increasedThe content of the titlebar remains unchanged from one tabpage to another.

At the bottomleft-hand corner of the tabpage, the statusbar displays the name of the
currently active tabpage, the current system configuration option, and the currently selected
projectseparated from one another by a vertical bar. To the right, following a hotiamota is
informational text on how to display the access keys of the navigation bhigrightedand on
how to activate the navigation buttons using access keys from the keyboard.

The default display mode for the labels of navigation buttons isromwkich the access
keys appear unhighlighted. However, the navigation button access keys can be highlighted (i.e.,
underlined) by pressing ti#dt key on the keyboard. A navigation button can be activated from
the keyboard using the access key by simpgipitag on the relevant key on the keyboard, while
theAlt key is pressed down.
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Programicon and name-f e LincSys.

Systems-Projects |Input | Qutput | Charts

@-|

O&

B |F

Projects :

-
System configuration options : SampleProject 10 F
_ SampleProject 11
7 @ Droptube-Prv-Emitter SampleProject 12
SampleProject 13
SampleProject_14
SampleProject 15
SampleProject_2
) Emitter-On-Lateral SampleProject_3
SampleProject 4
SampleProject 5
SampleProject 6 i
4

m

() Droptube-Emitter

Tabpages primary access controls:

Input l l Output l l Charts l l Exit

Statusbar .

Systerns-Projects | Droptube-Prv-Emitter | SampleProject 1 =======> Alt Highlight Access-Keys | Alt+Access-Key: Activate a Navigation Button

Figure4. TheSystemsProjectstabpagewith thetitlebar, statusbgrand the minimize and close buttons ofwiedow highlighted
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Bl ===

TabControls ‘l Systems-Projects |Input | Output | Charts |

@-|

D& |a|&

Toolbar

Projects: Projects list box, which displays thist
(SampleProject1 I of exisitng projects under theurrently

System configuration options: 2:?2: :E:zj :g—ﬂ selectedsystem configuration option
- R SampleProject 12 and allows the selection afproject for

SampleProject 13
SampleProject_14
SampleProject_15
SampleProject_2
() Ernitter-On-Lateral SampleProject 3
SampleProject_4
SampleProject_5
SampleProject 6 o
4

m

which asimulationis to be conduct

d
) Droptube-Emitter

System configuration option
selection buttons

il Tabpages primary access controls :

gt — ] o] Cow] [

Systems and Projects | Droptube-Pre-Emitter | SampleProject 1 =======> Al Highlight Access-Keys | Alt+Access-Key: Activate a Navigation Button

Figureb. The System#rojects tabpagi@ whichtheuserinterface controlarehighlighted
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4.2.3. Program functionalitiemssociated with the SysterRrojects tabpagand user
interface controls

As noted inSection 4.2program functionalities that are accessible from3ystems
Projectstabpage are: project management, selection of system configuration option, selection of
theLincSysproject for which a simulation is to be conducted, and access to the other tabpages.

For convenience, the discussion on program functionalities, associated waistieens
Projectstabpagewill start with descriptions of the user interface controls that enable the
selection of a system configuration option and of a project from d sgisting projects under
the current system configuration option. The discussion on additional functionalities of the
model will then build on those descriptions.

4.2.3.a. Selection of gstem configuration optioaand the current project

A groupboxtitled System configuration options features the three different types of
linearmove and centepivot system configuration options (i.e., DroptuPe~Emitter,
DroptubeEmitter, and Emitte©On-Lateral) thalLincSyss capablef simulating, Figure 5.

The option Droptub&rv-Emittershould be selected if the hydraulics of a lineave or
centerpivot lateral (that uses droptuljy, and emitter assemblies for metering outlet
dischargeslong the lateralis to be simulated. ©the other hand, if thBroptubeEmitteroption
is selectedl.incSyscanthen simulate the hydraulics afateral that usedrop-tube and emitter
assemblies (i.e., withopirvs) for metering outlet discharges. Toption EmitterOn-Lateralis to
be selected for systems in which emitters are placed directly on lateral outlet ports.

Selection of a system configuration option is effected ugiagadio buttortontrols
displayed in Figure 5 adjacent to each option. The ttefalection, the option that is on when
LincSysds opened, is th®roptubePrv-Emittersystem onfigurationoption

When theDroptubePrv-Emitter option is selected, the projects listbox, which is right
next to the Systems configuration option groupbox, displays an alphabetically ordered list of the
existing projects (under the DroptuBev-Emitter option) with the currently ssited project
highlighted. The default project selection is the top entry in the list of existing projects (Figure
5). The cursor can be moved up and down the list iPtbjects listboxo makea different
selection.The vertical scroll can be used twWse through a longer list of projects quickly.

Similarly, if one of the other system configuration options are selected, an alphabetically
ordered list of the projects that are under that system configuration option will be displayed in
theProjects ligbox, with the currently selected project highlighted. As is the case with the
DroptubePrv-Emitteroption, the default project selection for each of the other system
configuration options is also the top entry in the list of existing projects withicothessponding
project configuration folder.

4.2.3.b. The LincSys toolbarcons

The toolbar provides access to the project management functionality of the model. It
contains five icons, each representing a different agppéioce project management functionality
of LincSys Going from left to right on the toolbar, the icons repreeCreate new project,
Delete project, Copy project, Rename project, and Help functionalities. The imalgesoolbar
icons are from a standard toolbar strip commonly used in Windpplécations and hence they
generally provide a good idea of the gmam functionality that each icon represents. However, a
more specific information on the function of a toolbar icon can be obtained from a tooltip, which
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would appear on the screen if the mouse pointaliasved tohover over an icon (further
discussioron this is provided later in this section).

Create new project

The create new project toolbar itesrrepresented by an icon with a blanc page image.
Clicking on theNew project icon would opethe createNew Project Nameialog boxwith a
prompt for the user to enter the project name in an inpu{figure6). If the New project icon
is selected by mistake, then the user can dicthe Cancel button in the New Project Name
dialog box or the Close button at the uppght-hand corner of the dialog box to returrttie
SystemsProjectswindow.

gg Mew Project Name I,&J

Project Mame :

Ok | | —

Figure6. TheNew Project Nameéialog box

To create a new project, howevdre tuser needs to enter the name of the project to be
created in thenput boxand press th®k button.The program would thecheck, if the new
project name is na duplicate othe name of an existing project under the culyeselected
system configuratiofolder. If it is, thena message box will appear on the screen suggesting that
a different name be used for the new project.
If, on the other hand, the new project name is different form theswaineisting
projects in the currentgstem configuration foldethen theNumber ofSpans dialog box (Figure
7) will appear on the screamith a prompt for the user to enter the number of spétiee lateral
in aninput box.If the user wants to cancel the Create new project comrttzgrd simply
clicking on the Close button of the dialog bawuld returnprogram control to the Systems
Projectswindow.
On the other hand, if the user opts to complete the command, to create a new project, then
the number of spans in the lateral needsd entered in the input box of tNember of Spans
dialog box. Valid inputs are between 6 and 12 spans. If the user specified span number is in the
range between 6 and 12, then a new project folder bearing the user specified project name will be
createdunder the current systems configuration foldére Project listbox would then be
updated accordingly and the name of the newly created project will be displayed highlighted.
Opening the folder of the newly created project would showetipadject inputata file,
InputData_LinLat.Inp, with exactly the same number of spans as that specified by thaduser
beencreatedn the project folderThe user may also note that e@mptyfolder named Charisas
also created under the new project folder. This subfolder will behyseitcSysto store image
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files, consisting of charts of output hydraulic parameterBnigiformat following a successful
hydraulic simulation.

g Mumber of Spans l&J

Mumber of spans in the lateral : |

e —

Figure7. TheNumber of Spandialog box

If the user specified span number is less than 6, the program would create a project for a lateral
with 6 spans. Similarly, if the user specified number of spans exceed 12, the program would
simply create a project with 12 spans omMpte that the contesiind the formabf the input data

file saved in the new project folddnputData_LinLat.Inprepresentan input data template for

a lateral with the user specified number of sg&extiors 4.2.3.b and.1.3). The user canun
simulations with the inpulata file as is, if need be. However, a more practical scenario would be
consisting of one in which the input data template is modified and adapted by the user such that
it represents the hydraulic and geometric parameters and elevation profile ofia Etecal for

which a hydraulic simulation is to be conducted.

Delete project

The delete project functionality is repragedby an icon withanimage of scissors.
Clicking on theDelete project icon initiates the process of deletingcthveently selected project
(i.e., the project that is currently highlighted in #reject listboy. Before deleting the project,
however, the program displays a message box with a request for the user to confirm or cancel the
delete commandJpon user confirmation the currentiglectegroject would be deletedhe
Project listboxwould then be updated accordingly and the project name at the top the listbox will
be displayed highlighted.

Copy project

The copy project functionality is represented by an icon featuringpastally
overlappedonblankpages. Clicking on th€opy project icon initiates the process of copying
the currently selected (highlighted) projethe copy project will be placed thecurrently
selectedsystem configuratiooptionfolder. The name of a copied project will be a
concatenation of the name of the original project andtitregfi Co p yFor instancgf the
name of theriginal project isfiProject_AS, the name of the cgporoject would be
fiProject_A Copyo. TheProject listboxwould then be updated accordingly and the name of the
copy project will be displayed highlighted.
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Rename project

The rename project functionalityrepresented by an icon featuring an open file folder.
Clicking on theRename project icon opens the NevojectName dialog boxvith a prompt to
enter the new project namethreinput box(Figure6). To rename a project the user theeds
to enter the new name of the project in ph@ect namenput box and press the Ok buttdrhe
name of the current project will then be changed to the user specified name and the new project
name will be highlighted in therojects listboxIf the Rename project icon was activated by
mistake, then press the Cancel butbotthe Closduttonof the dialog boxprogram control will
then revert back to theystemsProjectstabpage.

Help

TheHelp functionality ofLincSysis represented by an icéeaturing thamage of a
guestion mark, a commonly used symbol for iegpurcesn Windows based user interfaces.
Clicking on the Help icon opens a drdpwn menu withize menutitles (Figure &: Wh at 0 s
this?, ViewManual,Manual Chapterd.iterature,and AboutLincSys

Wh at 6 s Clicking & the menu itetvh a t 6 s(Figuie B)seffables help information, in
the form of tooltips, that describe the model functionalities that underlie the user interface
controls in each of the tabpages.

Tooltips popping up unprompted, during the movement of the mouse pointer over
tabpage, can be a nuisance. Thus, the default display madedttooltips is hiddenTo
activate the tooltipsclick on thewh a t 6 smefiuhitie So#h the dropdown menu under the
Helpicon of the toolbar and then just let the cursor hover ovengieinterface control whose
function is to be queried. A concidescription otthe function of the particular control will then
appear in a gray box below the contiithe tooltips can be deactivated, if need be, by clicking
ontheWh a t 6 smeiiulitie ®r7a second time.

View Manual Clicking on theView Manual menu item from the Help dralown menuFigure
8a) opensa RIf documenbf theLincSysVer 1.0 Use® Manual Note that Adlobe Acrobat
reader/writerrelease 2017 or lateneed tdoe installed in the us@rsomputer for the Help menu
itemsto be successfully activated.

Manual Chapters:Clicking onthe Manual Chapters metitle opens a dropdown menu
consisting of sixnenuitems(Figure8b): Chapter 1, Chapter 2, Chapter 3, Chapter 4, Chapter 5,
and Chapter &Clicking on one of thessubmenu items opersPdf document of the
correspondinghapter of the user manual quick referencen a specific topic.

Literature Clicking on the literature menu title opendrapdown menu consistirgf six

sulbmenu items (Figure 8cliinear Move Hdyraulics_|I, Linear Move Hdyraulics_II, Linear

Move Hdyraulics_lIl, Linear Move Pressure Profile, Center Pivot Management, and Sprinkler
System Design and Operatidicking on one of these submenu items opeRdfalocument of

a published article, a book chapter, aeehnicalreport. The first four documents are journal
articles and are published by the authors themselves and cooperators (Zerihun and Sanchez,
2019a,b,c; Zerihun et al., 2019). These papers detail the computational framework and specific
algorithms that underlithe simulation module dfincSys The fifth document is handbookon

center pivot management by Martin et al. (2017) and the sixth document is a book chapter
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Figure 8. (a)The Help menu ofincSys (b) TheHelp menu ofLincSysdisplayingthe submenu
items under the mentitle Manual Chaptersand (c)TheHelp menu of LincSys
displaying the submenu items under the migfeiLiterature
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describing in sufficient detail the design and operation of sprinkler systems, including center
pivot and lineaimove systems (Martin et al., 2007), and is considered a standard reference on

the subject.

About LincSysMoving the cursor to thAbout LincSysmenutitle and clicking opes theAbout

LincSyswindow (Figure 9), which provides a concise description of the core program capability.

| t al so contains

program devel oper so

name

information on the proper citation of the modelicking on tre Ok button returns program

control to the SysterABrojects tabpage.

-

s About LincSys

|I Dawit Zerihun®

Maricopa

*)Phone: (520) 374-6221

Citation:

Maricopa, AZ 85138-3010

LincSys Ver. 1.0

A Mathematical Model for Simulating the Hydraulics of
Linear-Move and Center-Pivot Irrigation Systems

University of Arizona

37860 W. Smith-Enke Rd
Maricopa. AZ 85135-3010

Email: dawit®@ag.arizona.edu

Zerihun, 0. and Sanchez, C A (2021). LincSys Ver 1.0, User's Manual.
LUniversity of Arizona. Maricopa Agricultural Center, 37860 W, Smith-Enke Rd,

by

and Charles A. Sanchez*™

Agricultural Center

(**)Phone: (520) 374 6274
Email: sanchez@ag.arizena.edu

Figure9. The About LincSyswindow

4.2.3.c. Navigationbuttons

Thelnput, Output, and Charts tabpages cannot be acckesethe SysteniProjects

tabpage through the respective tabcontrols. Instead, the navigation buttons displayed in the lower

half of the window (Figure 5) are the only access points to each of the tabpages.

Threenavigation buttongnamely:

InputOutput, Chartsand an Exit buttoare

displayed in the lower half of the Systdtnojects tabpage (Figure 5). Activating the HExitton
closeslincSys Thelnput, Outputand Chartbuttonsprovide access to the respective tabpages,

although with some calitionalities.

Input button

Clicking onthe Input button with the mouse or pressing the Alt+l keys from the

keyboard opens the Input tabpage. The Input window displays the current projects input data in
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tabular and notabular format. In addition, éinput tabpage provides the functionality for
editing input data andonductingsimulationruns, if necessanpescriptions of the featuresd
layoutof the Input tabpagendLincSysuser interface functionalities that are accessible from the
Input tabpage are provided in Section 4.3.

Output button

TheOutput tabpage can laecesseftom the System®rojects windowby clicking on
the Output buttonprovided the currently selected project is completeindSysproject is
considered complete, if the project subfolder contains the input data file and all the output data
files, except those output data files whose contents are not displayeduatpioe or Charts
windows (i.e., EmitterDischargePressure.Dat and Lat_hEIVHgIEgl Comp.Dat files), Section
5.1.1.c.

In other wordsa complete project implies that a successful simulation of the currently
selected project had been conducted in an earlier diokavent and the inpidutputdatafiles
were not deleted or moved to a different foldebsequently

To open théutput tabpage from the Systemjects window just click on the Output
button with the mouse or pretbge Alt-O keys from the keyboardssuming the project is
complete, this opens ti@utput window which displays the output data for the current project. A
detailed description of the features, layout, and functionalities of the Output tabpage is provided
in Section 4.4,

Charts button

TheChartstabpage as well can lopenedrom theSystemsProjects tabpage, provided
the current project represents a complete professuming that the current project is complete,
then clicking on the Charts button in the Systétngjects window or presng the Alt+C keys
from the keyboard opens the Charts tabpage. At any one time the Charts tabpage displays 1 of 11
charts (i.e., graphical rendering of output hydraulic parameters). Discussion on the features,
layout, and functionalities of the Chartspalge is provided in Section 4.5.

4.3. Thelnput tabpage

4.3.1. Features and layout of the Input tabpage

Thelnput tabpagdeaturesatitlebar, a statusbaruser interface controtonsisting of
input boxes and an input data tafiedisplay anenable theediting of input datd, navigation
buttons,and tabcontrolsThefeatures anthyoutof the Input tabpagaredepicted in Figurd0
for systems with DroptubBrw-Emitterconfigurationand in Figure 11 and R for systems with
DroptubeEmitter and EmitteOn-Lateralconfiguration optionsrespectively.

Thetitlebarof theInput pagehasexactly the same content as that of the Systerogect
tabpage, described in Sectir2 (Figure4). Thecontent of thestatusbam the Input pagés the
same as that of the Systefjects tabpagexcept thathe currently active tabpage is set to the
Input tabpagénstead of the Systerfrojects tabpage.

In the Input tabpage, the tabcontrols are depicted with the Input tabpage highlighted.
While the System®rojects tabpage can be accedsath the Input windowby tagoing on the
SystemsProjects tabcontrol with the (left) mouse button, the other tabcontrols (i.e., Output and
Charts)can be used to open the respective tabpages only if the tabpage or tabpages have already
been activated through navigation buttons earlier in the current simulation event.
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Systems-Projects | Input | Outputl Charts |

Input data table for displaying
and editing system topological
geometric, elevation, and

hydraulic data <(

Input Data | Droptube-Prv-Emitter | SampleProject 1

System data, summary

Input boxes for dispalying
and editing systendata
summary

Input boxes for dispalying
and editing system topology
and components, summary

Total head at the lateral inlet (m) E‘E Lateral diameter, typical (mm) 2126
Prv set-pressure (m) 170 Span length, typical (m) 278
Min. req. margin between prv's inlet- and set-pressures (m) 33 Span altitude, typical (m) 1.00
Prv inlet-pressure, maximurm (m) 98.0 Support tower height, typical (m) 280
Water temperature (aC) 250 Drop-tube length, average (m) 298
Lateral length (m) 2225 Emitter above ground clearance (m) 0.50
System topelogy and components, summary
MNumber of spans g Number of pipes segments (-) 264
Nurnber of Links (-) 528 Number of emitters (-] 257
MNumber of nodes (-) 529
Input data table - topolegical, geemetric, elevation, and hydraulic data :
MNode Index, MNode Index, Link Index, Length, Lat Mode Dist, Modal Dist, Modal El, Nodal Elv,  *
UpStr (-) DnStr (- (-] Seq (m) UpStr (m) DnStr (m) UpStr (m) Dnstr(m) ||
1) 2) 3 #) ) (6 U] 8)
o | 2 1 08183 0 08483 28 20181
2 2 3 2 0 0.8483 0.8483 20181 05
3 2 4 3 0.5472 0.5483 1.6855 25181 30286
4 4 5 L] 0 16955 1.6855 3.0286 035
\ 5 4 6 5 0.8463 16955 25418 3.0286 31317
] 6 7 6 0 25418 25418 31317 035
7 6 g 7 0.8454 25418 33872 31317 322074
] 8 9 8 0 33872 33872 3.2274 05 o

< I |

Navigation buttons l Systems-Projects ] l Simulation

Emittersystem configuration option
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Figure10. The Input tabpagelisplaying non-tabularinput data, tabulamput data, andhavigation buttonsfor the DroptubePrv-



Note that the term simulation event is used here to describe the duration between the time
that a navigation button on tisystemsProjects tabpage is activated, and program control is
transferred to any one of the other three tabpages from the SyRtgetts tabpage, and the
time that program control reverted back to the Systérogects tabpage. Thus, during a
simulation event either input deaeeedited and/or simulation regmreconducted for the
currently selected project from the Input tabpagsraply the output data and/or cham$ a
selected projecfrom an earlier simulation event, are displayed in the Output and/or Charts
tabpages, possibly, for further examination and analysis.

By comparison, aimulation sessiononsists of all the actities that occur in the time
interval between the start of thencSysprogram and the time that the program is closed.

As can be noted from Figure 10, the input dathinéSysconsists of tabular and non
tabular data sets. The ntabular input data amisplayed in, and can be edited from within,
input boxes. The input boxes are displayed in two separate groupboxes: The System data,
summary and the System topology and components, summary.

An input data table for displaying and editing tabular inputgistimg of lateral
topological, geometric, elevation profile, amgdraulic data) is shown right under the Input
boxes (Figure 10).

Furthermore,le Input window features a pair of navigation buttons placed above the
status bar: Systenfarojects and Simation. The functions of these buttons will be discussed in
Section 4.3.4.

4.3.2. Displaying and editing nortabular input data

4.3.2.a. Displaying noftabular input data

Input boxes are used to display Aabular input data in thiaput tabpagéFigures 10 to
12). An input box is in fact what is technically called a textbbable 1). To facilitate data entry
and editingLincSysreatsthe data in an input box as a coteceated set of characters, i.e., a
stringtype variable. The string will then be converted to numerical values before data validation
and computation commences.

The nontabular input data set depicted in Figure 10 is folireptubePrv-Emitter
system configuration option. It consist of a total of 17 data items displayed in a pair of
groupboxes: The System data, summary and the Syspaiogyand components, summary. A
complete list of the netabular input data, correspding units, and allowable ranges are
presented in Table 2.

The input boxes in the System data, summary groupbox are arranged in two columns.
The lefthand column consists of input boxes for total head at the lateralpnidtydraulic
parameters, wateemperature (which is related to the effect of viscosity on the Bafeigbach
friction coefficient), and lateral length. On the other hand, the-hightl column displays input
boxes for lateral diameter, span geometric parameters, support tower heigabar length,
and emitter above ground clearance.

The input boxes in the System topology and components, summary groupbox are also
arranged in two columns. The inputs in this groupbox consist of numbers of system components
(such as number of spans, nuantbf lateral pipe segments, and emitters) and lateral topological
data summary (number of links and nodes).

The Input data tabpages for the Droptibwritter and EmitteOn-Lateral system
configurations are shown in Figures 11 and 12, respectively. &se 8ystem configuration
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Table 2. Nortabular input data dfincSys parameter names, units, and acceptable range

Acceptable range
Parameter name Unit
Lower limit | Upper limit

Total head at the lateral inlet m 50 150.0
prv-setpressuré? m 2.5 100.0
Minimum required margin betweeheinlet and set
pressure of theprv® m 0.1 150
Prvinlet pressure, maximufi m 5.0 150.0
Water temperature °C 5.0 50.0
Lateral length m 20.0 800.0
Lateral diameter, typical mm 38.1 381.0
Span length, typical m 20.0 70.0
Span altitude, typical m 0.75 2.25
Support tower heightypical m 1.75 6
Drop-tube length, avera&% m 15 7.5
Emitter above ground clearaf®e m 0.25 8.0
Number of spans - 1 12©)
Number of links - 10 2000
Number of nodes - 11 2001
Number of lateral pipe segments - 5 1000
Number of emitters - 5 1000

@ Applies toDroptubePr-Emitter system configuration option onfapplies only to Droptub®rv-
Emitter and Droptub&mitter system configuration options only, afithere is no limit on the
maximum number of spans, but more than 12 spans in a lateral seems to be unrealistic.

options,prv parameters are impertinent amehce the input boxes fprv hydraulic parameters
are deactivated (Figures 11 and E)rthermore, for systems with Emitt@®n-Lateral
configuration option, Figure 12 shows that the input boxeth&verage drojube length and
emitter above groundearance are also deactivated.

4.3.2.b. Editingnon-tabular input data withinput boxes
User interface focus

When thelnput window is opened, the uppermost input box in thehiaftd column of
the System data, summary groupbox is highlighted (Figure 10), indicating that this input box has
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The lateral outletlischarge metering|
apparatuses do not hayevs Thus,
the input boxedor prvhydraulic
parameters are deactivated

Systems-Projects | Input |Output| Chart:|

System data, summary :

Total head at the lateral inlet (m) m Lateral diameter, typical (mm) 2126
et- Span length, typical (m) 218
n. req. margin between prv's inlet- m Span altitude, typical (m) 100
et-pressure, maximum (m Support tower height, typical (m) 280
Water temperature (0C) 25 Drop-tube length, average (m) 298
Lateral length (m) 2225 Emitter above ground clearance (m) 0.50
System topelegy and components, summary
Mumber of spans & Mumber of pipes segments (-) 264
Number of Links (-) 528 Number of emitters (-) 257
MNumber of nodes (-) 528
Input data table - topological, geometric, elevation, and hydraulic data:
ngth, Drptube  Diam, Drptube Rel Roughness,  Coeff Emitr g-h Exp (b) emitr LHL Coeff, LHL Coeff, Prv indicator ol
(m) (mm) Drptube (-) Eq (L/s(l/m*b))  g-hEq. (<) Kbr (-} Kbend (-) param, Kprv (=) ||
(11) (12) {13) (14) {15) (16) an (18)
b1 0 0 0 0 0 0 0 0
2 24181 19.05 187E-05 0.259 0.4999 012 0.027 0
3 0 0 0 0 0 0 0 0
4 25286 19.05 187E-05 0.258 0.4999 012 0.027 0 :
5 0 0 0 0 0 0 0 0
g 26317 19.05 1.87E-05 0.259 0.4999 012 0.027 0
7 0 0 0 0 0 0 0 0
g 27214 19.05 7.87E-05 0.259 0.4999 012 0.027 0 o
[ m | ¢
l Systems-Projects l I Simulation l
Input Data | Droptube-Emitter | SampleProject 1 =======> Alt Highlight Access-Keys | Alt+Access-Key: Activate a Navigation Button

The lateral outlet discharge metering
apparatuses do not hayevs Thus,
datain column 18 is setto zero
entirely

Figurell. Thelnputtabpageshowing mn-tabularinputdata, tabulamput data, andhavigation bttons for the system
configurationoption of DroptubeEmitter
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LincSys =

Systems-Projects | Input |0utput| Charts|

System data, summary :

The laterabutlet discharge metering Total head at the lateral inlet (m) 200 Lateral diameter, typical (mm) 1016
apparatuses areot fitted with prvs

Thus, nput boxedor prvhydraulic ‘ = ) SRR L 7

parameters are deactivated A el . - Span altitude, typical (m) 100
The laterabutlet discharge meterin

e i - Support tower height, typical (m) 280

apparatuses areot fitted with drop-
Water ternperature (oC) 75 Drop-tube lenath. average (m - tubes.Thusn’put boxesfordrop-
S tube length and emitter above

Lateral length (m) 2225 - ground clearance are deactivate

System topology and components, summary

Number of spans 8 Number of pipes segments (-) 264
Number of Links (-) 528 MNumber of emitters (-) 33
Mumber of nodes (-} 529
Input data table - topological, geemetric, elevation, and hydraulic data :
Length, Drptube  Diam, Drptube Rel Roughness,  Coeff Emitr g-h Exp (b) emitr LHL Coeff, LHL Coeff, Prvindicator *
(m) (mm) Drptube (-) Eq (L/s(l/m™b))  g-hEq.(-) Kbr (-) Kbend (-) param, Kprv (- |
(11) (12) 13) (14) (15) (16) (17 (18)
13 0 0 0 0 0 0 0 0
14| | 0 0 0 0 0 0 0 LU The lateral outlet discharge meteri
15 0 0 0 0 0 0 0 0 apparatuses do not have gooseneck
15 0 0 0 01138 0.4923 012 0 0 connectors andprvs Thus, columns
7] 0 0 0 0 0 0 0 0 = 17 and 18 are set to zero entirel
The lateral outlet discharge meteri T 0 0 0 0 0 0 0 0
apparatuses do not have droptubes = 5 . 5 P 0 0 : . W
Thus, columns 11 to 13 are sett 1 |
zero entirely 20 0 0 0 0 0 0 0 0 -
] mn | 3
Systems-Projects | [ Simulation
Input Data | Emitter-On-Lateral | SampleProject 1 = =» Alt: Highlight Access-Keys | Alt+Access-Key: Activate a Navigation Button

Figure 2. Thelnput tabpagelisplayingnornttabularinput data, tabulamput data, and navigation buttons for the system
configuration option of Emitte©On-Lateral
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the user interface focus. In other words, the input box for total head at the lateral inlet is the
default active input box for user interactiaith the program (i.e., data editing), when the Input
tabpage is opened.

The user interface focus can be reset from an input box to another by moving the mouse
pointer to an inpubox that is to get the focus and then clicking on the (left) mouse button. The
cursor position (the user interface focus) can also be shifted from an input box to another that is
immediately below it, by pressing ti@b keyfrom the keyboard. Alternativg, pressing the
Shift+Tab key moves the cursor up through the input boxes, one box at a time.

Data editing

To edit the data displayed in an input box, first set the focus in thdtrbakich case the
content of the input bowill be highlighted. Then there are two ways to start editing the data.
One option is to simply start typing the new input data from the keyboard. Following the first
key stroke, the data that was in the inpok will then be cleared and replaced by the character
corresponding to the first key stroke, provided the key corresponds to a valid keyboard input.
The user can then continue entering the new value.

For the input boxes in tHeystem data, summary grouphealid keyboard inputs consist
of the numerals 0 to 9 and the decimal point, because the corresponding input parameters are real
numbers. The input parameters in the System topology and components, summary groupbox are
integer, hence the correspondingut boxes accept only numerals as valid keyboard inputs.

Alternatively, data editing in an input box with the focus can start by simply tapping on
any of the arrow keys in the keyboard. In which case, a blinking cursor will appear on the right
hand/lef-hand side of the current data in the active input box (depending on the type of arrow
key), signaling that the content of the box can now be edited.

Note that during data editing in an input box, the Backspace, Delete, and Arrow keys of
the keyboard ha/the same function as in any other Windows application software. The only
exception here is that the Upwards and Downwards areys &lso function as the leftwards and
rightwards arrow keys, respectively.

4.3.3. Input data table for displaying and ediing hydraulic and geometric parameters and
lateral elevation profile data

Figures 10, 11, and 12 depict a partial view of tiput data tabkeofLincSys corresponding to
the DroptubePrv-Emitter, DroptubeEmitter, andEmitterOn-Lateral system configuration
options, respectively. Note that the input data table is what is described as a DataGridView
control in the technical literature (Table 1). It displays the hydraulic network topoloyiexies
along with the laterdtydraulic and geometric parameters and elevation profile in a tabular
format andt also allows editing of the data in the individual cells.

The input data table has 24 columns. The number of rows in an input data table is equal
to the number of hydrauwilinks inthelateral, hencé& can vary from one lateral to another.
LincSyshas the capability to simulate laterals with up to 2000 Jiakd hence 2001 nodes,
which corresponds to 2000 rows in the input data table.

The columns in an input data tabépresent a data type. It could be network topological
parameters such as link and naadexes lateral elevation profile data or input data related to
the dimensions and/or hydraulic characteristics of system components such as lateral pipe
segments, drefubes, emittergrvs and pipe appurtenancésrow of the input data table, on
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the other had, representdata related ta network linkanddelimiting nodeswhich include
topological datanodal distances from the lateral inlet, nodal elevations, and pertinent input
geometric and hydraulic parameters.

Thecolumn headings define tleentents bthe columnf theinput data table (Figures
10to 12). Because of space limitations most column headings are abbreviaiovsver, a
more complete description of the column headings are provided through tooltips. A column
heading tooltip can be actiweal by letting the cursor hover over teading of theolumn
whose data type is to be queried.

At any one time the input data table can display only a small subset of the tabular input
data (consisting of 8 rows by 8 columyBigures 10 to 12However, thenput dataable has
horizontal and vertical scroll bars that can be used to browse through the rest of the daia table.
addition, keys from the keyboard can be used to browse through the input data table. Further
discussion on this is pvaled inSection 43.3.h

The rows and columns of the output data table are numbered sequentially starting from
the top row and the left modatacolumn Figures D to 12), respectively, to help the user
browse through the table to a particular cell glyickiote that he width of the row header
column(i.e., the column containing the row indices) can be increased to view thedexes
with more than one digifo do so just let the mouse button hover over the border between the
row headecolumnandthe first data columand wait until adouble headed arrow straddlitige
border betweethe two columnsppear on the screen and tipeess the left mouse button and
slidethe mouse to the right.

For convenience, subsequent discussion on the input data table will be based on Tables
3aand3b, which present a sufficiently detailed sample input data fabke system with
DroptubePrv-Emittersystem configuration optioBecause of space limitatiotise table is
divided into two halves. Table 3a depicts a sample of the first 12 colofntims input data table
and Table 3b depicts a sample of the second half of the input datd\wigle¢hat the first
column in Table 3b is not part of tiput datatable, it is added here to help the user relate the
rows in the second half of the table (Table 3b) with those of the first (Tabhec3a)readily. As
noted earlier the column headings in Tables 3a and 3b are abbreviations and a more complete
description of each column headings are provided in Table 4.

4.3.3.a. Topological data of a lateral schematized as a branched hydraulic network (columns
#1 to 3)

Relationship between data and network configuration

Columns #1 to 3 contain topologicatdconsisting of numerals identifyirlgnks and
delimiting nodeswhich resulted from the schematization of a linemve or centepivot lateral
as a branched hydraulic netwdfection 3.5.5and Figure ® Thus, the first three columns of the
input data table constitute the basic network configuration data to which the lateral hydraulic,
geometric, and elevation data in the other columns (i.e., columns #4 to 24) are related. The
implication is that understding the structure, meaning, and interrelationship of the data in
columns #1, 2, and 3 and their relationship with data in the other columns is key to
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Table3a. Sample input data tablé bincSysfor a DroptubePrv-Emitter system configuration optianith 936hydrauliclinks and

937 nodegcolumns #1 to 12)

Column headings
N N Link Length, . . . Length, Diameter,
Rowindex| Index | Index | index | Latseq | NoUe Dist | NodalDit| NodalElv| NodalEiv Diam Lat| Rel ougfness b | orpupe
UpStr ) DnStr §) O] (m) ®) ©) @) ®) ) (10) (m) (mm)
1) (2 3) (4) (11) 12)
1 1 2 1 0.6026 0 0.6026 6.5233 6.5874 162.1 2.468310° 0 0
2 2 3 2 0 0.6026 0.6026 6.5874 3.5819 0 0 3.0055 19.05
3 2 4 3 1.9076 0.6026 2.5102 6.5874 6.7832 162.1 2.468%10% 0 0
4 4 5 4 0 2.5102 2.5102 6.7832 3.6104 0 0 3.1728 19.05
5 4 6 5 0.5018 2.5102 3.012 6.7832 6.8329 162.1 2.468%10% 0 0
6 6 7 6 0 3.012 3.012 6.8329 3.6179 0 0 3.215 19.05
7 6 8 7 1.1038 3.012 4.1158 6.8329 6.9397 162.1 2.468%10% 0 0
8 8 9 8 0 4.1158 4.1158 6.9397 3.6344 0 0 3.3053 19.05
9 8 10 9 0.5719 4.1158 4.6877 6.9397 6.9937 162.1 2.468%10% 0 0
55 54 56 55 1.4003 26.5277 27.928 8.3356 8.3738 162.1 2.468310° 0 0
56 56 57 56 0 27.928 27.928 8.3738 3.9911 0 0 4.3827 19.05
500 500 501 500 0 249.0128 | 249.0128 | 3.9521 0.796 0 0 3.1561 19.05
933 932 934 933 0.6043 | 465.7337 | 466.338 | 6.0421 | 6.1137 101.6 0.00003937 0 0
934 oA 935 934 0 466.338 | 466.338 | 6.1137 | 2.6319 0 0 3.4818 19.05
935 oA 936 935 1.917 466.338 | 468.255| 6.1137 | 6.3687 101.6 0.00003937 0 0
936 936 937 936 0 468.255 | 468.255| 6.3687 | 2.6319 0 0 3.7368 19.05
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Table 3b. Sample input data tableLaicSysfor a DroptubePrv-Emitter system configuration optionith 936 hydraulic links and

937 nodesdolumns 13 to 24)

Column headings and index

Row index | RE! Foughness cheE E:qmr Eéﬁqﬁ?' LHL Coef, égéf, n leé\aitor L|_ii<ll_f C(‘_’)ef’ LHL Coef, | LHL Coef, "E'éxgczgf' LHL Coef, | LHL Coef,
Drptube () L/s(1/nP) o-h Eq €) Kbr (-) Kbend €) | Param(-) (19) Kepl (-) Ket (-) 22) Kval (-) Keqg )
(13) (14) a5) (16) ) 8) (20) (1) (23) (24)

1 0 0 0 0 0 0 0 0 0 0 0 0

2 5.25 10° 0.0429 | 0.5018 0.2 0.06 1 0 0 0 0 0 0

3 0 0 0 0 0 0 0.1 0 0 0 0 0

4 5.25 10° 0.0429 | 0.5018 0.2 0.06 1 0 0 0 0 0 0

5 0 0 0 0 0 0 0.1 0 0 0 0 0

6 5.25 10° 0.0429 | 0.5018 0.2 0.06 1 0 0 0 0 0 0

7 0 0 0 0 0 0 0.1 0 0 0 0 0

8 5.25 10° 0.0429 | 0.5018 0.2 0.06 1 0 0 0 0 0 0

9 0 0 0 0 0 0 0.1 0 0 0 0 0
55 0 0 0 0 0 0 0.1 0 0 0 0 0
56 5.25 105 0.0429 | 0.5018 0.2 0.06 1 0 0 0 0 0
500 5.25 105 0.0429 | 0.5018 0.2 0.06 1 0 0 0 0 0 0
933 0 0 0 0 0 0 0.1 0 0 0 0 0
934 5.2310° 0.0429 0.5018 0.2 0.06 1 0 0 0 0 0 0
935 0 0 0 0 0 0 0.1 0 0 0 0 0
936 5.2310° 0.0429 0.5018 0.2 0.06 1 0 0 0 0 0 0
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Table 4.Complete description of column headingfsthe input data table (Tables 3a and 3b)
and units and ranges thfe respectivenput parameters

Column |Column headings in | Completedescription of column Acceptable range

index  [Tables 3aand 3b | headings Unit Ll?r\rqvi?r Upper limit
1 Node Index, UpStr Index of theupstrearend node of a link - 1 200
> Node Index, DnStr Ilirrl1cli<ex of the downstrearand node of a ) 2 2001
3 Link Index Index of a hydraulic link - 1 2000
4 Length, Lat seg Length of a lateral segment m 0.5 2.5
5 Node Dist, UpStr Distance from_ateral inlet oftheupstream 0.0 7975
end nodef a link
Distance from the lateral inlet tie
6 Node Dist, DnStr downstrearrend nodeof a link(i.e., a m 0.5 800.0
lateral pipe segment)
7 Node Elv, UpStr Elevation of a links upstreasend node m 0.0 1500.0
8 Node Elv, DnStr Elevation of a links downstreaemd node m 0.0 1500.0
9 Diam, Lat Seg Diameter of a lateral pipe segment mm 38.1 381.0
10 Rel Roughness, Lat | Relative roughness of a lateral pipe ) 1010 01
Seg segment
11 Length, Drptube Length of a drogiube m 0.0 8.0
12 Diameter, Drptube Diameter of a drojiube mm 0.0 50.8
Rel roughness, . . 10
13 Drptube Relative roughness of a drapbe 10 0.05
14 | Coeff Emitr gh Eq ggfgt'i‘gﬁ”t of the emitter heatischarge | | /oy | 0.0 1.0
Exp (b) of Emitr gh | Exponent (labeled here Bsof the emitter
15 . ; - 0.0 1.0
Eq headdischarge equation
16 LHL Coeff, Kbr Local head loss coefficient, associated . 106 50

with the branching flovat outletports

17 LHL Coeff, Kb Coefficient associated with bending loss ) 0.0 5.0
at the gooseneck connector

prvindicator parameter, indicatesether

an outlet discharge metering apparatus i - 0 1

fitted with aprv or not

19 LHL Coeff, KIf Coefficient for local head losses associa| . 0.0 50
with throughflow across an outlet

20 LHL Coeff, Kcpl Cpefﬁment for local losses associated wi ) 0.0 5.0
pipe couplers

Coefficient for local head losses associaf

21 LHL Coeff, Kct with sudden contraction ) 0.0 5.0

Prv indicator Param,

29 LHL Coeff, Kexp C_oefflClent for local head lossassociated . 0.0 50
with sudden expansion
23 LHL Coeff, Kval C_oefﬁment for local head losses associal ) 0.0 5.0
with a valve
Equivalent coefficient for local head losst
o LHL Coeff, Keq associated with more ;han one _ ) 0.0 50
appurtenances arrardyim series and in

close proximity

(@) Theprv indicator parameter is set to a value of 0 for Droptbetter or EmitterfOn-Lateral system configuration
options. For a system with a DroptuBe~Emitter configuration it is set to 1 &l evernumbered rows that
represent outledischarge metering appatuses and is set to Othre evernumbered rows that represent virtual links
and in all odenumbered rows.
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understanding the structure and content of the input data table. Note that in subsequent
discussion, row and column indexes refer to the data emad columns of the input data table
(i.e., they do not includie column headepw and the row header column).
The data in the first and second data columns of the input data table represent the node
indexesat the upstrearand and downstreasnd, espectively, of the corresponding link, which
is displayed in the third column. To explain the structure of the data in these columns, a
schematics of the four different types of junction nodes and attached links (that resulted from the
representation ofrairrigation lateral as a branched hydraulic network) are depicted in Figure 13.
A junction node located immediately downstream of the-eiet node of the lateral and
attached links is shown in Figure 13a. Figure 13b and 13c depict offtake anfftake
junction nodes, respectively, and attached links upstream of theatistaFigure 13d shows a
junction node at the distaind of a lateral. Note that the junction nodes in Figures 13b to 13d are
connected to only one fixed head node, located downstmanpared to that of Figure 13a
where the junction node is connected to two fixed head nodes, one located upstream and another
downstream. Also notable is that the distatl node, Figure 13d, has only one link attached to it
that carry discharge from #s opposed to two, which is the case with the other nodes (Figures
13ato 13c).

(1) 1 @ 3 @) i- ) 1 (+2)
o1 0 i 0 ) o S B
l 2] l (1
(3) (+1)

(a) (b)

(-1) [i-1] 0 [i+1] (+2) (1) [1-1] @)

e —— :
| o ||
O @+1)

(d)

Figure 13. Schematics of junction nodes and attached links: (a) an offtake junction node

immediately downstream of the irdlebd node, (b) an offtakenation node located
between the inlet and distahds of the lateral, (c) a nafftake junction node located
between the inlet and distahds of the lateral, and (d) dis&ld junction node
(Notations: (j) is node index, [i] is link index,- is link, O is fixed head node, and

[]is junction node)



Now, from Figure 13a, it can be observed that the-eet of the lateral, which is a fixed head

node, is labeled as node #1 and the junction node immediately downstream of tbredmete

is marked as node #2. Furthermore, the link connecting nodasd#a idabeledas link #1. In

Table 3a, link #1 and delimiting nodes (i.e., nodes #1 and 2) are entered in the first three columns
of the firstdatarow of the table. The link index is shown in column #3 and the corresponding
upstrearmand downstrearend nodes of the link are depicted in columns #1 and 2 of row #1,
respectively.

Considering link #2, which is a lateral outlet discharge metering assembly, it can be observed
that it is delimited by a junction node at its upstreamd (node #2) and a fidenead node at its
downstrearrend (node #3), Figure 13a. In Table 3a, the link number (i.e., link #&yasded in
the third column and the upstreand node index (node #2) and downstresard node index
(node #3) are entered in the first and secondnaody respectively, of the second row of the
table. Similarly, for link #3 it can be observed from Figure 13a that the link is delimited by node
#2 at its upstrearand and by node #4 at its downstreanu. Note that the data in the first three
columns of tle third data row of the table relates to link #3 and delimiting nodess#@dsnd 4.

The preceding discussion highlights how the arrangement of the topological data in
columns #1 to 3 (Table 3a) relate to the actual structure of the branched hyditswdik ne
shown in Figure 3a. Note that the same approach noted, above, in relation to the three-upstream
end links of the lateral can be used to deduce the topological data for an entire lateral based on
Figures 13b to 13d, regardless of the number of links.

Nodal and link indexes, patterns of variation (Tables 3a and 3b), and explanations

A close look at the hydraulic network topological data shows that each fixed head node
index, which is always an odtumber, appears only in the second column of tHe &aid only
once (Table 3a). The exception here is the4atet node label, which appears at the top of the
first column.

By comparison, each junction nodandex (which is eveimumbered)for both offtake and
nonoff takenodes appess first in thesecond column antthen repeated twice in the subsequent
rows of the first columnin other words, each junction node lahppeasin columns#l and 2
for a total of three time#lowever, there is an exception here as well, as can be noted from Table
3a, he label for the distaénd junction node appears in the second column and once in a
subsequent row of the first column (i.e., it appears for a total of two times in the table). The
reason for the observed patterns in the topological data of the inpuatdbg will now be
explained.

As can be noted from Figure 13a, all intermediate junction nodes (i.e., junction nodes
upstream of the distand) are shared by three links that are joined at the node. A link that
carries discharge to the node and a palin&t that carry discharge from the node. Given that
the network nodes and links are numbered sequentially starting from the upsteafthe
lateral, the label of a junction node appears for the first time in the second column of the input
data tableas the downstrea®nd node of the link that carries discharge to it (Table 3a). It then
appears in two subsequent rows of the first data column as the upstrdamade of the links
that carry discharge from it.

By comparison, fixed head nodes (whichresent the inleend of the lateral and the
downstrearrends of the links associated with outlet discharge metering apparatuses or their
virtual variants, Figures 13a to 13d) are boundary nodes and are associated with only a single
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link. Thus, their labelappear only once in the input data table, either in the first column, as in
the case of the inletnd node, or in the second column as in the case of all the other fixed head
nodes (Table 3a). Note that the indgtd node delimits the upstreaend of link#1, thus its label
appears in the first column. By contrast, all the other fixed head nodes are shown in the second
column, because they are the nodes that delimit the downsgmedsrof the respective links

(which correspond to lateral outlet dischargderiag apparatuses).

Furthermore, it can be observed that the nodal and link indexes increase as one moves from the
top row to the bottom row of the table. However, the change in the data in each of the first three
columns follow a different pattern &ble 3a).

The data in column #1, which shows the nodes delimiting the upstaedsof the
respective links, start with a node index of 1 in row #1. It then increased to 2 in the second row
and remains unchanged in the third row, which represent an ieeteil with respect to the
nodal index in row #1. The node index then increases to 4 in the fourth row and stays unchanged
in the fifth row, which represents an increment of 2 with respect to the nodal index in riow #3.
the sixth row, the nodal inderdreased by 2 to 6 and stays the same in the seventh row. As can
be noted form Table 3a, the pattern observed over 2dw$ continue through the table down to
the penultimate row.

Note that the difference between the nodal indexes ipghaltimate row and the bottom row,
where the label of the distahd junction node appears, is also 2. However, the corresponding
nodal index appears only once in the first data column. Evidently, this is different from all the
junction nodes upstream,rfahich the respective nodal indexes appear twice in column #1. The
reason for this is that, unlike the upstream junction nodes where a pair afdmkslischarge
from each node, in the case of the distadl junction there is only one link that carriéscharge
from the node (Figure 13d). Hence, the label ofdistéalend junction node appears only once in
the penultimate row of the second column as the downsteealhmode of the link that carries
discharge tdhe nodeand once more in the bottom row of the first column as the upseadm
node of the link that carries discharge frima node

The data in alumn#2, which represernindexesof thenodes delimiting the downstream
ends of the respective linkstart with thendex for the dwnstrearrend node of link¢l, which
is node #, and increases steadily by 1 as one mdwesigh the table from the top tioe bottom
row. Thenode index at the bottom roe¥ column#2, which corresponds tine downstrearrend
fixed head nodgs equal tdhe total number of nodés the hydraulic networkwhich is937).

The link indices, shown inolumn#3, start with the label of the upstreaand link, link
#1, and increases steadily by 1 as one moves from the top to the bottom row of theh&able.
indexat the bottom rowi.e., 936)is equal to the total number of links in the hydraulic network.

Evidentfrom the preceding discussion is that each link is uniquely associated with a pair of
nodes Thus,nodal distance®levationsand local head loss coefficiemsfined at network

nodes can be considered properties of the link at its delimiting nodes.ii@thits in thanput

data tablgsuch as diameter and hydraulic resistaces)be considereasproperties spanning

the link.It can thus be observed that a hydraulic link is the basic topological data to which the
data in each row of the input data table (consisting of nodal indigésaulic, geometric, and
elevationdata) are referenced to.
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4.3.3.b. Nodal distances and letigof a lateral pipesegment ¢olumns#4 to 6)

Data in columr#4 represergthelength of thdateralpipe segment corresponding to each
link. The data in colummng5 and 6representhe distanceffrom the lateral inlgtof thenodes
delimiting theupstreamand downstrearends, respectivelypf each link.It can thus be
observed thath each rowthe sum of the values shown in columdsand 5s equal to the
correspondinglataitem in columr#6.

Note that the lateral pipe segnt lengtk for the evemumbered rowareset to zero
(column #4) throughout the tableo indicate thathe links in these rows represent flow metering
apparatuss instead ofateral pipe segmengnd hence impertinent.

An important point here ithat a lateral pipe segment length is determined along the
centerline of the lateral, which msarginallydifferent from distances measured along the
horizontal A close look at thelata in column#5 and6 andcolumns # and 2shows thator the
junctionnodegi.e., the evemumbered nodgsthevariation in thenodal distances from the
lateral inlet(i.e., datashownin columns#5 and 6)ollow the samepatternasthat observed with
respect to nodahdexesn the first and second columns of the table.

Forinstancethevaluein the first row of columi#6 is 0.6026m and the value in the
second and third rows of colur#d are both 0.6026nNow, scanning througtows#1 through
3 of columns#l and 2 it can bebserved thadach ofthe corresponding valuea columns#s
and 6 represent the distance from the lateral inlet of the same nodet2o08similar
observatiorcan be made for other nodes throughout the input data tdtitsh explains the one
to one correspondencedata patterifassociated with junction nogdsetween column#l and
5, on one hangdand tloseof columns#2 and 6, on the other.

Furthermore, for the evemumberedowsof the input data table, which corpemds to
the evemumbered links (Tabl8a), thenodal distances shown in colum#sand 6 are equal
The explanation for this lies in the fact that evermberedinks represent outletischarge
metering apparatysvhich are vertical. Thushe nodes delimiting the upstreaandand
downstrearrend of theelinks arelocatedat the same distance from the lateral inlet.

Therelationship between trgatain columns #5 and 6 and those of columns # 1 asuc Zelf
evident Nonethelesgshey arediscussedhere,because they are important in preparing a correct
input data table foLincSys Overall, a quick preview of the consistency of data in colutdns

6 can be made based d@r):for each rowI{nk) the sum of the values in colum#4$ and5 must

be equal to the value in coluif, (ii) the pattern ofariation ofthe evemumbered nodes in

the first and second columns need to be replicatatie corresponding nodal distance data
given,in columns#5 and 6 and(iii) in the evemumbered rows daitems in columns #5 and 6
must be equaNote thatLincSyshas data validation routis¢hatuse these patterns in the input
data to check input data consistency.

4.3.3.c. Nodal elevation datdcolumns#7 and 8)

The nodal elevation datd# the lateral ishown in columns#7 and 8 of the input data
table(Table3a). Eachrow of data incolumn#7, representghe elevatiorof a node that delimits
the upstrearend of the corresponding link. Colur#i, on the other hand, contains elevation
data of the downstreasnd nodes of each link.

A practically more useful way of looking at the datahasecolumnsis that column#7
consists oklevation dataf the laterainlet node and all the junction noddhius when it is
paired with the data in colun#b, it represents the elevation profile of the latesiterline By
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comparisongcolumn #8contains the elevation data of each junction node and fixed headinodes
the hydraulic networkexcept that atie lateral inletNotably, a graphical rendering of the data
in columrs #6 and 8 willthenshow the outline of the lateral elevation profile and the elevation
profile of the emitter along the later&vidently, the nodal distance in colum#sand 6 are not
horizontal distances and hence, the elevation profiles, noted here, are not exabelssse
they are sufficiently accurate representations, because the differences between the distances
along the lateral centerline and those along the horizontedaginal they arein the order of <
0.5%.

Note that he elevationdataof the junctionnodesi.e., theevernumbered nodeshown
in columns#7 and 8also eplicatesthe patterrobserved fothe corresponding nodaddexesin
thefirst and secondolumns.

In summary, a quick preview of the elevation profile data for consistency caadee
based on(1) The pattern of the even numbered nodes in the first and second columns need to be
replicated, in theorrespondingnodal elevation data, in colum#g and 8and (2)A graph of the
nodal elevatiorata in column#8 against the nodal distance data in colutércan be used to
make aquick visual assessment of the consistency ofdteral and emitteglevation profile
data.Note thatLincSysusesthesepatterndn the input data to check input data consistency

4.3.3.d. Diameter and relative roughness of lateral pipe segments (Colu#thand 10)

The diameters and relative roughness of lateral pipe segmestsoarein columns#9
and10, respectively (Tabl8a). Note that data in columm#® and 10 alternate between positive
numbers and zero as one moves through the rows of the input data tabieirlzkted rows,
which represent oddumbered linksand hencéateral pipe segments, comahe diameter and
relative roughness values of tfespectivdateral pipe segmeatOn the other hand, the even
numbered roware set to zerondicating that the associated lindkelateraloutletdischarge
meteringdevicesand hence impertinent

LincSysallows kteral pipe diameter and the corresponding relative roughmeasy
from alateral pipe segment to the nethile lateral diameter is an input not related to any of
the columns in the tableyidentlyrelative roughness is a functiontbtlateral diameter.
Equivalent roughness values for pipes of some widely used materials are summarized by Behave
and Gupta (@06) and Boulos et al. (2006).

4.3.3.e. Droptube length, dimeter, and rative roughness (column#l1, 12, and13)

The data consisting of dragpbe length, dimeter, and relative roughness are presented in
columns#11 and 12 (Tabl8a) and columr#l3 (Table3b), respectivelyThe data in these
columns alternate betwearvalue ofzero in the odehumbered rows and posiéivaluesin the
evennumbered rows of the table. The zeros in themaubered rows indicate thidteserows
areassociated withinks representingpateral pipe segmentnd hence impertiner@n the other
hand, the positive values in the evaiimbered rowsf columns #11, 12, and 18presenthe
length, diameter, and relative roughnesspectivelypf drop-tubes.

Drop-tubelengths are variable and dtenctiors of theelevation othelateral outles
(shown in theevernumbered rows of colun#B), the fieldsurfaceelevation,and the above
ground clearance of the emittétgpically a constant LincSysallows specification of variable
droptube diameteHowever, it appears that practicedroptube diameter isonstant across a
lateral. Evidentlythe droptube relative roughness paramstarerelated to the diameteof the
drop-tubes.
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Note that dop-tube parameters specified in columns #11 to 13 are relevant only to systems that
use droptubes to convey water down from the lateral oyitets to prv-emitter assemigsor to
emittess (.e., systems witidroptubePrw-Emitter and Droptub&mitter configuratiors, Figures

10 and 11)However, folEmitterOn-Laterd system configuration optigithe droptube

parameters are impertinent, thas shown in Figure2lthese columns are set to zero.

4.3.3f. Emitter hydraulic parametergColumns #14 and 15)

In LincSys emitter hydraulic characteristicsdefinedin terms of a equatiorthat
expresses emittdread differentiahs apowerfunctionof emitterdischarggZerihun and
Sanchez, 2019blor agiven emitter, the coefficient and exponent of the kaiadharge
equationcan be obtained by regressimitterpressurelataagainst the associateltischarge
datg both of which ar@rovided in manufacturés catalogue.

Thecoefficients and exponents the emitter headliischarge equation adesplayed m
columns#14 and 15respectively. Nathat the data for the emitter hydraulic characteristics are
shown onlyin the rowsthat correspond tlinks, thatare attached to offtake nodes and, hence
represent outlet discharge reengapparatused hus, they are displayed in most, but not in all,
evennumbered rows of the input data talidn the other hand, evarumbered rows
representingirtual links, with zero discharge tiached to notfftake nodegsuch as span
joints, plugged outlet ports, or other points along the lateral where lateral elevation is known and
is used in the schematizatiohthe lateral hydraulic netwoylkandall oddnumbered rows arees
to zero.

An important point here is that the model determines whether a junction node is an
offtake node or a noeofftake node based on thralue assigned to the coefficient of gmitter
head discharge function (column #1A)positive valuewithin the valid range (Table 4)
specified in an evenumbered row of column #14dignals to the program ththe corresponding
junction nodds an offtake node. A value of zero, on the other hand, indicates that the
corresponding node is a noffftake node.

The model allows the use of different emitters in each lateral outlefTphas,the
emitter heaedischarge parameters can potengiathry from an outlet port to the next along the
lateral.

4.3.3.9.Local head loss coefficients

Localized energy losses ocaarosdateralpipe appurtenancgsuch adittings, tees,
bends valves) where the flow is constrained, changes direction, or changes vélbegg.
energy losses occur over a relatively short, nonetheless, finite distagiite underlying
physical mechanisms are generally compléawever,n practice they are repsented as
localized pointscale losses and are expressed as the product of an empirical coefficient and the
local velocity headEq. 6) Thus, the data in columns 16 to@&4&he input data tableepresent
losscoefficientscorresponding teightdifferent forms of local head lossasda column that
contains dataelated tgprv indicator parameter.

Coefficientsin columns#16 to 18

Data in column#16 to 18 are associated with local head losses that mayinauuttet
discharge meringapparatuseflable3b). Thedata in columr#16 are cefficients for local
head losses associated with branching tloatoccuss at offtake nodes where flow division
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takes placeThis headloss occus in laterak with any of thehreeoutlet discharge metering
apparatusesonsidered in the moddbroptubePrv-Emitter, DroptubeEmitter, and EmitteOn-
Lateral.

The data in colum#l7 is a coefficient related to theending losses that occur in the
gooseneck connectand hence it relates only to systems thaegrepped wittDroptubePrv-
Emitter orDroptubeEmitter outlet dischargeneteringdevicegTable3b). Note thatincSys
allows the specification of bending loss coefficients along the lateral as well.

Data in columr#18 is not related to local head lossEse local head losses associated
with prvsare seto a constanéqual to thenanufacturer recommended minimum pressiead
margin between the inlet and set pressure optiiée.g., Zerihun and Sanchez, 2019a), which is
specified by the user in the ntabular inputdatasection of thénputtabpage (FigurelO).
Column #18 thus,containsvaluesthatindicatewhether dink is fitted with aprv or not.
Accordingly,the evemumberectells ofcolumn#18 are designed to accemtly a binary input
consisting of a value of 1 or B.value of 1 indicates that tledrresponding link isnoutlet
dischargemetering apparatugted with aprv. A value of Q on the other handhdicatesthe link
is a virtual link and hence note fitted walprv. Given thathedata in this columipertains only
to theDroptubePrv-Emitter system configuratiooption column #18 needs to be set to zkmo
DroptubeEmitter and EmitteOn-Lateralsystemconfigurationoptions(Figuresll and P).

Note that datan columns#16 and18 are associated witbcal head losses that occur across

outlet dischargeneteringapparatuses. Thus, they apecified only ira subset of theven

numbered rowsf the input data tablevhere thecorresponding linksepresenbutlet discharge
metering apparatuseBhe evemumbered rows that represent virtual links akhdhe odd

numbered rows of columns #16 and 18 are set to zero, indicating that these parameters pertain
only to links that represent outlet discharge metering apparaiusefocal head loss coefficient
as®ciated with bending loss can be specified in both the-erehoddnumbered rows of

column #17. However, evemumbered rows that represent virtual links need to be set to zero.

Coefficients in columns#19 to 24

Columns#19 to 22 and 24 contain coefficients that relate only to local head losses that
may occur in lateral pipe segments, i.e.,-adthbered linksThe data in colum#19 contairna
line-flow losscoefficient associated witihelocal energylossthatoccurs acrss an offtake node
(outlet port) and it accounts for the part of Head losshat occurs in the througffow. Given
that itis associated with the head loss along the lateral, it is specifiedoddheimbered rows
of the input data table, which comtaidata on lateral pipe segments (Tabe Theeven
numbered rows, on the other haatkset to zero indicating that lifow loss coefficient is
impertinent to outlet flow metering apparatuses.

The data in column#20, 21, and22 represent coefficiemaissociated witlocal head
losses that occur across pipmiplers sudden contraction, and sudden expansion in the pipe
crosssectional area, respectiveljhese head lossescuralongthelateralonly and hence they
need to bepecified inthe oddnumberedows The evemumbered rowson the other hand,
need to beset tozera If a lateral pipe segment does not have one or widrese features, then
the correspondingdd-numbered rown columns #20, 21, and 2feed to be set to zeas well
Note that sudden contraction and expansion can @cdyat junction nodes. Of course, with the
caveat that both sudden contraction and expansion of pipesgc#snal area cannot occur at a
noce. The model would not allow it any way.
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The data in colum#23 represents energy loss across a valve placed in a link, which
could be a lateral pipe segment or an outlet discharge metering apparatus feusput data
table of a projecthe valvehead loss coefficient can be specifiethaththe odd and even
numbered rowsf the input data table as necessaryalue ofzeroin column#23 represents
that the corresponding link is not outfitted with a valve, whereas a positive real number within
the allowable range (Tab8b) indicates the presence of a valve in the corresponding link.

In principle, thdocal headlossesassociated with coupleasd valvesan occur anywhere along
a lateral pipe segment, including at the natlgsniting a lateral segmertlowever, the way
their effects can be taken into account diffgpending on the locatioof the individual
appurtenancesith respect to the delimiting nodekthe lateral pipe segment and relative to
each other. If these&tures are placed serieswithin a lateral pipe segmeand if they are
sufficiently spaced for the flow in between them to be considered fully developed, then
corresponding coefficients need to be specified in the respective columns. The local $e=sad los
associated with each will be calculated separately and added to the total energy loss in a link and
used in the link energy balance equation.

If, on the other han@ne or more of thedeatures (i.e., coupl@ndvalve) are placedn
a node then itsiassumed ihincSysthat their effects are considered additiv¢hat associated
with the througklow head losscross the nod&herespectivecoefficients would be specified
the same way as indicated above for the case in whidpthatenanceare placed withimlink.

If a combination of couplers and valves are plagikin a lateral pipe segment and their
placement is that they are in such close proximity to one another that the effects of an
appurtenancen the flowinteracs and merges with & of the adjacent appurtenancen

(within the modeling framework adoptedlimcSysi.e., onedimensional steady pipe flow)

there is no mechanism to discern the individual effetesach appurtenancen link energy
balancefrom the aggregate effecthus, if the placement of some combination of these
appurtenances within a link is deemed to fit this description, it is recommbacktd usean
equivalent local head loss coefficient (colu#24), which can be used talculate the energy

loss across appurtenances placed in series, but in close proximity to one another, within a link.

The data in colum#24 pertains only to lateral pipe segments and hence need to be specified
only in the odenumbered rowsf the inpu data tableNote that local losses that occur in aon
offtake nodes such as span joints almobe specified in this columor in the column for pipe
couplers The sample projecthat come withiLincSysuse this column to specify the local head
lossesassociated withspan joints.

4.3.3.h Editing datain the cells of the input data tabland browsing the input data table

User interface focus

When thelnputtabpage opens, the data in the uppermoshbaitl corner cell of the input
data table is highlighted (Figui®). However the input data table is inactivEo activate the
input data table anstart editingabular inputdatg a cell in the input datableshould gethe
user interfacdéocus To do so simply move the mouse pointer to a cell in the input data table and
press the left mouse key. This results mdéll with the focusbeing highlighted.

The cursor position can also deiftedfrom acell to anotheusing the keyboard. It can
be moved from a cell to anothemmediatelyto the right of it by pressing th&abor the
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Rightward arrowkey in the keyboard. Alternatively, pressing the Shift+®aheftwards arrow
key moves the cursdérom an input data table cell to another that is immediately to thefleft
Upwards and Downwards arrow keys can be used to move the cursor up arardaywn
respectivelywithin the same column.

ThePgUp and PgDown keys can be used to move the aupsand dowroneinput data
table pageavithin the same colummespectivelyThe Home and End keys can be used to move
the cursor to the first and last colas, respectively, of the input data table within the same row.
Pressing the Ctrl+Home keynovesthe cursor from any cell in the input data tabléneupper
left-hand corner cebf the input data table. Alternatively, pressing the Ctrl+keys movesite
cursor from any cell in the input data table to the lower ingintd corner cell of the table.

Data editing

To edit the data displayed im énput data table celfirst set the focus on the cellhere
are two ways to start editing datean input data tabl€éne option is to simply start typing the
new input data from the keyboardo a highlightedcell. Following the first key stroke, the data
that was in theell will be cleared and replaced by the character corresponding toshleefyr
stroke, provided the key corresponds to a valid keyboard input. The user can then continue
entering the new value.

Alternatively, data editing in the input data table cell can startaudibubleclick ona
cell, with the user interface focusjth the left mouth buttonA blinking cursor will then appear
on the cell with the current value still in display, signaling that the content of the cell can now be
edited.

Data editing in an input data table cell with the focusataastart by simply tpping on
theF2key on the keyboard. In which case, a blinking cursor will appear to the right of the data
in the active cellindicatingthat the content of the cell can now be edited.

For input data table celtsf columns#1 to 3and 18 valid keyboardnputs arenly the
numeras (0 to 9), because the corresponding input parameters are integenput data table
cells in columns#4 to 17 and columns #19 @4, on the other hand, the corresponding
parameters are real numbers and hewadid keyboardnputs consist of the nuemals0O to 9 and
the decimal point.

Note that during data editing in an input data table cellBdukspace, Delete, and the Leftward
and Rightward arrow keys have the same function as in any other Windows appl@agdast
note is that if the Eskey is pressed immediately, following the editing of an input data table
cell, the content that hasdreedited out will be restored in the cell.

4.3.4. Navigation buttons Input tabpage
Thelnputwindow has a pair of navigation buttodisplayedright under thénput data
table, namelySystemProjects and Simulatidouttons(Figures10 to 13.

SystemProjectsbutton

Clicking on theSystemProjects button with the mouse or pressing the Akeys pens
the System#’rojectstabpage and program control will revert back to the systems configuration
and project management window.
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Simulation button

Clicking on theSimulation button with the mouse or pressing the 3key initiatesa
simulationrun. Before initiating hydraulic computation, the model input data (possibly edited in
the input window) would be validated. Thiglude range testfieckswhether alinputdata
items are within permissible ranga)d consistency test (checks if edited dataaramto known
relationships between data items).

If theinput data is deemed valibdincSyswould thenupdate the input da file
(InputData_LinLat.Inp) and creatagpair oftext filesin the current project folder
LatHydrProjectConfiguration.Dat and InputData_LinLat.Ditese filesontain thenput data
in a format that can be read the simulation moduleéjlydrSinLaterals.exe.
LatHydrProjectConfiguration.Dat is a project configuration data file and contains input data on
the current project configuration option and tuerentproject name. InputData_ LinLat.Dfle
contains thesamedata as the InputData_LinLat.Ifife, onlyin a format thats simpler and
compatible with the input data routswef HydrSiml_aterals.exe

Once the system configuratifife and a version of the input data fiieadable by
HydrSinlLaterals.exeare created,incSyswould then invoke the simulation module,
HydrSinlLaterals.exe The simulation modulehen etracts the input data from
LatHydrProjectConfiguration.Dat and InputData_LinLat.Dat files, deletes both files, and
proceeds with the simulatiacun.Thus the LatHydrProjectConfiguration.Dat and
InputData_LinLat.Dafiles aregenerallynot visible to the usegxcept whemprogram exits with
runtime error that precedénedeletionof thesefiles.

At the end ofa simulation run (whether complete or incompletB)drSinLaterals.exe
creates a hydraulic simulation run time error status report file
(HydrSimRunTimeErrStatusReport.at the current project folder. The simulation error status
report file is aext file containg three rows of data. The first romould bean integer value
ranging between 0 and 8 value of zerandicatesthatthe simulationwassuccessfuy
completed, whereas a value from 1 to 9 indicates that a runtime error has occuhedtdgec
numeral betweef and 9 correspond to a specific tygfeknownruntime error. The data items in
the second and third rows provide the link and node numtesgectivelyywhere runtime error
was encounteredlincSys.exaould thenuse theseéata to report to the user that the simulation
has encountered a runtime error along with the type of, ¢éhedocation along the lateral where
the error occurreflink and node indexesand suggestions on possible remedies

Note that some combinatiarf input data may cause the simulation to end with a runtime
error that is as yet unknown. In such an event, the simulation session may end abruptly and no
runtimeerrorreport might be displayed on the screen.

Subsequent ta successful simulatiorlydrSimi_aterals.execreatessix output filesin the
current project foldelin addition tothe hydraulic simulation ratime error status report file
(HydrSimRunTimeErrStatusReport.Daf)s noted earlierfollowing a successfigimulationthe
data item irthe first row of the ratime error status report filwould beset to 0. Tk data items
in the second and third rowes$ the error status report file arevidently, impertinenin the event
of a successful simulatiaand hence they asebitrarily set to OLincSyswouldthen read the
content of thedydrSimRunTimeErrStatusReport.Cidé anddeletes the file. It theextracts the
output data from the main output file (OutputData_LinQat) and displays iin the Output
tabpageNote that discussion on ti@utputData_LinLat.Out file and otheutputdatafiles is
provided in Sectiom5.1.1.cto 51.1.e
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4.4. TheOutputtabpage

4.4.1. Features and layout of th®©utput tabpage

Following a successful simulatiomeOutput tabpage displays themputed outputs in
noneditable output boxes and output data taftenoted earlier in Section 4.2.3.c, the output
tabpage can also be accessed from the Syd®eajpscts tabpage, if the currently selected project
represents a complete projectcédmpleteproject is one in which the project folder contains all
project files, including the input and all output data files, except the
EmitterDischargePressure.Dat and Lat_hEIVHgIEgl Exp.Dat files (Section 5.1.1.c).

Thefeatures andalyout of theDutput tabpagaredepicted in Figurd4 for asystem with
DroptubePrv-Emitter configuratioroptionand in Figure & for asystem with Droptub&mitter
configuration option. Note that the general content of the Output tabpagsystem with
EmitterOn-Lateralsystem configuration option would be the same as that shown in Figure 14
for a system with ®roptubeEmitterconfiguration.

TheOutput tabpage features a titlebar, a statusbar, user interface controls including
output boxes and asutput data tabléfor displaying output dajanavigation buttons, and
tabcontrols. The titlebar of ti@utput page features exactly the same content as those of the
SystemsProjects and Input tabpages (Figufemnd 10 to 12). In the statusbar of the Gt
tabpage, however, the name of the current tabpage is Output (Figures 14 and 15).

In the Output window, the tabcontrols are depicted with the Output tabcontrol
highlighted. The Systerrirojects tabpage can be accessed from the Output window by tapping
on the SystemProjects tabcontrol with the (left) mouse button. The Input and Charts tabcontrols
on the other hand, can be used to open the respective tabpages only if they have been activated
through navigation buttons earlier during the simulation e\atiter from within the output
tabpage or from the SysterRsojects tabpage.

The output data dfincSysconsists of tabular and nd@abular data sets (Figures 14 and
15). The nortabular output data is presented in three groupboxes each with a setubf outp
boxes. The tabular data is displayed in the output data table. Note that to distinguish between the
Input and Output windows more readily, different background colors are used for the input and
output boxes, on one hand, and the input and outputatdés, on the other.

The Output window features three navigation buttons: SysRjscts, Input, and
Charts. The functions of each of these buttons will be discussed in Section 4.4.5.

4.4.2. Displaying nontabular output data

As can be noted from Figures 14 and 15 @iuput tabpage uses output boxes to display
norttabular output data. An output box is a Windows Forms user intertexteol element
commonly referred to as a labeartrol (Table 1) Thus, the contents of thetputboxes are
noneditable.

The output tabpage displays three sets oftabnlar output data each in a separate
groupbox:(i) emitter discharge and head differential variability indicator parameters,
(i) emitter discharge and head differential unifdgmindicator parameters, aifid) additional
output parameter@igures 14 and 15).
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Systems-Projects |Input | Output |Char‘ts|

Emitter discharge and head differential variability indicator parameters :

Emitter discharge, minimum (L/s) 0.5086 Emitter head differential, minimum (m)

ydraulic performance summary Emitter discharge, average (L/s) 0.7076 Eniiisghedidifiesabalaepolin
parameters: Ranges and averages

. . Emitter discharge, maximum (L/s) 09776 Emitter head differential, maximum (m
of emitter discharges and head b

differentials across emitters

Hydraulic performance indicato
parameters: uniformity coefficient
and lowquarter distribution

uniformity of emitter dischargeand
head differentials across emitter

Emitter discharge and head differential uniformity indicater parameters :

Uniformity coefficient, emitter discharge (- 0876 Uniformity coefficient, emitter head diff (-) 0.746
Low-quart distr unif, emitter discharge (-) 0868 Low-quart distr unif, emitter head diff (-) 0737

Quput data table:
Mode Index, Mode Index, Link Index () Modal Dist, MNodal Dist, Modal Elv, Modal Elv, Discharge
UpStr (-} DnStr (-) @) UpStr (m) DnStr (m) UpStr () DnStr (m) Lat Seg (L |
1) 2) (] (5) (6) U] 8)
o | 2 1 0 08483 28 20181 18187
Output data tablefor displaying 2 2 3 2 08483 08483 29181 05 0
lateral elevation profile and 3 2 4 3 08483 16955 29181 3.0286 18089
computed hydraulic data s 4 5 N 16955 1.6955 3028 05 0
1] 5 4 6 5 16955 25418 3.0286 31317 17992
6 6 7 6 25418 25418 31317 05 0
7 6 g 7 25418 33872 31317 32074 17895
14 I r

Additional eutput :

Mumber of active Prvs (-] Error, inlet head estimate (%) 0.0081
Number of passive Prvs (-] 7 Error, inlet head estimate (m) 0.0016 Additional output data

Navigation buttons— I Systems-Projects l l Input ] l Charts l

Output Data | Droptube-Prv-Emitter | SampleProject 1 =======> Alt Highlight Access-Keys | Alt+Access-Key: Activate a Navigation Button

i

Figure14. TheOutput tabpagéor the DroptubePrwEmittersystem configuration option
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Emitter discharge, minimum (L/s) 0.6747
Emitter discharge, average (L/s) 0.7836

Emitter discharge, maximum (L/s) 1.0805

Uniformity coefficient, emitter discharge (-) 0.877

Low-quart distr unif, emitter discharge (-) 0.869

Ouput data table:

Emitter discharge and head differential variability indicator parameters :

Emitter discharge and head differential uniformity indicator parameters :

Emitter head differential, minimum (m) 6.79

Emitter head differential, average (m)

9.35

Emitter head differential, maximum (m) 17.41

Uniformity coefficient, emitter head diff (-) 0.748
Low-quart distr unif, emitter head diff (-) 0.739

Node Index, Node Index,
UpStr (-) DnStr (-)
(1) )

Link Index (-)
3)
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Nodal Dist,
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0.8483
1.6955
1.6955
25418
25418

Nodal Dist,
DnStr (m)

(5)
0.8483
0.8483
1.6955
1.6955
2.5418
2.5418
3.3872

Nodal Elv,
UpStr (-)

©)
28
29181
29181
3.0286
3.0286
31317
31317

>

Nodal Elv, Discharge
DnStr (m) Lat Seg (L/:_|
@ 8)
29181 [ 201.38
05 ' 0
30286 ' 2003
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31317 | 10022
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1

Additional output :

[ - ]
- 1]

Error, inlet head estimate (%)

Error, inlet head estimate (m)

Systems-Projects

[

Input

)

l

Charts

)

0.0071

0.0014

II -

Qutput Data | Droptube-Emitter | SampleProject 1 =======> Alt: Highlight Access-Keys | Alt+Access-Key: Activate a Navigation Button

Additional output data

Figure B. TheOutput tabpage for a systemith DroptubeEmitterconfiguration option (Note: the general content of the
Output tabpage of a system with tEmitter-On-Lateralconfiguration options the same as that farsystem

with DroptubeEmitterconfiguration)
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The emitter discharge and head differential variability indicator parameters groupbox is
comprised of six output boxes arranged in two columns. The output boxes display the ranges of
variation of the computed emitter discharges and emitter head difédseaittng with
corresponding averages.

The emitter discharge and head differential uniformity indicator parameters groupbox has
four output boxes also displayed in a pair of columns. These group of output boxes depict the
computed uniformity coefficientral low-quarter distribution uniformity of emitter discharges
and emitter head differentials.

In the additional output groupbox as well, output data are shown in two columns
(Figures 14 and 15). In the ldfand column, there is a pair of output boxegpldigng the
number of active and passipevsin the lateral and, on the righind side, another pair of
output boxes display the error in the computed total head at the lateral inlet in relative and
absoluteerms. Note that the output data on the nunobarctive and passivarvsare
impertinent to systems witihe DroptubeEmitter or EmittetOn-Lateralconfiguration option,
thus the respective output boxes are deactivated for these options (Figure 15).

4.4.3. Output data table for displaying computechydraulic parameters and some input
data

4.4.3.a Introduction

Figures 14 and 15 depict a partial view of the output data tahiec®ys The output
data table is actually what is technically known &ataGridViewtable(Table 1) It displays
computed hydraulic data along with system topological, geometric, and elevation data in a
tabular format. Note that the contents of the output tdéla is noreditable Furthermore,
unlike the nortabular output data, the format of the tabular output data table does not vary with
the system configuration.

The columns in an output data table represent data type. It could be network topological
paraneters such as link and nodeexes nodal distance from the lateral inlet, elevation profile
data or computed hydraulic parameter such as discharge, pressure, hydraulic head, and total
head. The row of the output data table, on the other hand, regr@gentelated ta network
link andcorresponding nodeghich include topological datapdal distances from the lateral
inlet, nodal elevatios and computed hydraulic data relating to the link or the delimiting nodes.

The output data table has 20 aolis. The number of rows in an output data table,
however, is equal to the number of hydraulic links in the topological representation of the
corresponding lateral as a branched hydraulic network. Hence, it can vary from one lateral to
another. As noted iSection 43.3, LincSyshas the capability to simulate laterals with up to 2000
links and 2001 nodes, which corresponds to 2000 rows in the output data table.

The top row of the output data table contains column headings that describe the contents
of the olumns (Figures 14 and 15). Because of space limitations most column headings are
abbreviations. However, tooltips can be used to obtain a more complete description of the
column headings. A column heading tooltip can be activated by letting the cursomohey the
heading of a&olumn whose content is to be queried.

The rows and columns of the output data table are numbered sequentially starting from
the top row and the left modatacolumn, respectively, to help the user browse through the table
to a particular cell quicklyNote that in subsequent discussion, raa aolumn indexes refer to
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the data rows and columns of the output data table (i.e., they do not include the coluenn head
row and the row header column).

At any one time the output data table can only display a small subset of the tabular output
data (casisting of 7 rows by 8 columns). However, the table has horizontal and vertical scroll
bars that can be used to browse through the rest of the datdrtauldition, keys from the
keyboard can be used to browse the output data tabtign 44.4).

For convenience, subsequent discussion on the output data table will be based on Tables
5a and 5b, which presents a sufficiently detailed sample output data table. Because of space
limitations the table is divided into two halves. Table 5a depistsrgle of the first 10 columns
of the output data table and Table 5b depicts a sample of the second half of the output data table.
Note that the first column in Table 5b is not part of the output data table (Figures 14 and 15) , it
is added here to helpé user relate the rows in the second half of the table (Thpleith those
of the first (Table 8 more readily A complete description of the column headings of Tables 5a
and 5b are provided in Table 6.

4.4.3b. Topologicaldata of the hydraulic netork, distance from lateral inlet, and elevation

profile data(columns #1 to 7)

The computed hydraulic data are either nodal or link properties and can only be
described in relation to the network nodes and links and wiigtahces. Thushefirst five
columns of e output data table consist of the network topological data and the nodal distance
from the lateral inlet (Table 5a).

Nodal elevations are shown in columns #6 and 7 of Table 5a. Note that the contents of
thesecolumns are exactly the same as the corresponding columns of the input data table (Table
3a).

4.4.3.c. Dischargein the lateral pipe segmen{column #8)
The data in this column represent the discharge in each of the lateral pipe segments. Note
that theoutput data in this column alternate between positive values in theusddered rows
and zero in the evenumbered rows. The values in the evemnrmbered rows are set to zero
indicating that this data item is impertinent to the links that represent tie¢ discharge
metering apparatuses.

4.4.3d. Emitter dischargeand head differential across emitter (columns #9 and 10)

The emitter discharges and the head differential across emitters are displayed in columns
#9 and 10 of the output data table (Table 5a), respectively.

Note that emitter discharges (column #9) hedddifferentials across emitters (column
#10) are shownrdy in rows that correspond to links that represent outlet discharge metering
apparatuseg.hus evenrnumbered rows representing virtual links (links with zero discharges)
attached to nowofftake nodes and all the ogaimbered rows are set to zero (Taldg. 5

4.4.3.e. Pressure at the upstreamnd downstrearrends of a lateral pipe segment (colusin
#10 and 11)
Within the framework of onelimensional steadgtatepipe flow modeling, the pressure
head profile along a lateral is not a continuous function of distance at the networkvhedes
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Table5a. Sampleoutput data table dfincSysfor a project with 937 nodes and 936 hydraulic liflestween columns 1 to 10)

Row index I'\r'}‘(’j‘;)e( mii "';L”ekx Nodal Dist, | Nodal Dist | Nodal Elv, | Nodal Elv, Dli_sgthgégge' Di?ﬂ'}ﬁ:ge’ Head Diff,
UpStr D(n)Str 2 Up?at,; (m) Dnirt); (m) Up?et;; (m) Dn%t; (m) (Us) (Us) Enziltg)(m)
() ) (©) ®) ©)
1)
1 1 2 1 0 0.6026 6.5233 6.5874 52.539 0 0
2 2 3 2 0.6026 0.6026 6.5874 3.5819 0 0.1140 7.008
3 2 4 3 0.6026 2.5102 6.5874 6.7832 52.425 0 0
4 4 5 4 2.5102 2.5102 6.7832 3.6104 0 0.1140 7.008
5 4 6 5 2.5102 3.012 6.7832 6.8329 52.311 0 0
6 6 7 6 3.012 3.012 6.8329 3.6179 0 0.1140 7.008
7 6 8 7 3.012 4.1158 6.8329 6.9397 52.197 0 0
8 8 9 8 4.1158 4.1158 6.9397 3.6344 0 0.1140 7.008
9 8 10 9 4.1158 4.6877 6.9397 6.9937 52.083 0 0
55 54 56 55 26.5277 27.928 8.3356 8.3738 49.4@ 0 0
56 56 57 56 27.928 27.928 8.3738 3.9911 0 0.1240 7.008
500 500 501 500 0 249.0128 3.9521 0.796 0 0.1140 7.008
933 932 934 933 465.7337 466.338 6.0421 6.1137 0.28 0 0
934 934 935 934 466.338 466.338 6.1137 2.6319 0 0.1140 7.008
935 934 936 935 466.338 468.255 6.1137 6.3687 0.114 0 0
936 936 937 936 468.255 468.255 6.3687 2.6319 0 0.1140 7.008

69




Table5h. Sampleoutput data table dfincSysfor a project with 937 nodes and 936 hydraulic lifkestween columns 11 to 20)

Pressure, Pressure, Velocity FHé‘é £ LHL, Lat Seg| Hydr Head, | Hydr Head, | Total Head, | Total Head, Prv Opr,
Row index DnStr (m) UpStr (m) Head (m/s) (m)g (m) DnStr (m) UpStr (m) DnStr (m) UpStr (m) Mode ¢)
(11 (12 (13 (14) (15) (16) a7 (18) (29) (20)

1 22.144 22.063 0.330 0.017 0 28.667 28.650 28.998 28.980 0
2 0 0 0 0 0 0 0 0 0 2
3 22.031 21.781 0.329 0.054 0.033 28.619 28.564 28.947 28.893 0
4 0 0 0 0 0 0 0 0 0 2
5 21.750 21.686 0.327 0.014 0.033 28.533 28.519 28.860 28.846 0
6 0 0 0 0 0 0 0 0 0 2
7 21.655 21.517 0.326 0.031 0.033 28.487 28.456 28.813 28.782 0
8 0 0 0 0 0 0 0 0 0 2
9 21.485 21.415 0.324 0.016 0.033 28.425 28.409 28.750 28.733 0
55 18.808 18.734 0.293 0.036 0.029 27.144 27.108 27.436 27.400 0
56 0 0 0 0 0 0 0 0 0 2
500 0 0 0 0 0 0 0 0 0 0
933 12.838 12.816 4310° 62106 9310° 18.930058 | 18.930042 | 18.930®@8 18.930083 0
934 0 0 0 0 0 0 0 0 0 2
935 12.816 12.561 1310°% 93106 4310°% 18.93007 18.93006 18.93008 18.93007 0
936 0 0 0 0 0 0 0 0 0 2
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Table6. Complete descriptionf column headingsf Tables 5a and 5éndcorrespondinginits

Column Column headings in - . .
index Tables 5a and 5b Complete description of column headings | Unit

1 Node Index, UpStr Index of the upstrearandnodeof a link -

2 Nodelndex, DnStr Index of the downstrearmndnodeof a link -

3 Link Index Index of a hydraulic link -

4 Node Dist, UpStr Distance f_romhelateral inlet ofthe upstrearend m
nodeof a link

5 Node Dist, DnStr Distance from_ the lateral inlet die downstream m
end nodef a link

6 Node Elv, UpStr Elevation oftheupstrearrend nodeof a link m

7 Node Elv, DnStr Elevation ofthedownstrearrend nodeof a link m

8 Discharge, Let Seg | Discharge in lateral pipe segment m

9 Discharge Emitr Emitter discharge L/s

10 Head Diff, Emitr Head differential across emitter m
Pressure at a point immediately downstream of

11 Pressure, UpStr the node that delimits the upstreamd of a link m
Pressure at a point immediately upstream of th

12 Pressure, DnStr node that delimits the downstreand of a link m

13 Velocity Head Velocity head in a lateral pipe segment

14 FHL, Lat Seg Friction head loss in a lateral pipegment

15 LHL, Lat Seg The local head losses in a lateral pipe segment
Hydraulichead at a point immediately

16 Hydr Head, UpStr downstream of the node that delimits the m
upstrearrend of a link
Hydraulic head at a point immediately upstrean

17 Hydr Head, DnStr of the node that delimits the downstreand of a m
link
Total head at point immediately downstream of

18 Total Head, UpStr the node thatlelimits the upstrearand of a link m
Total head at a point immediately upstream of {

19 Total Head, DnStr node that delimits the downstreaand of a link m

20 Prv Opr Mode prv operating mode -
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local head losses occ(#erihun and Sanchez, 20d9However, the pressure at a point
immediately upstream and at another point just downstream of a node can be computed. The
pressure head profile computed as such,ibgSys is presented in columrdl and P of the

output data table (Tabkb).

Considering a link corresponding to a lateral pipe segment, the data in cddmn #
represents the pressure at a point immediately downstream of the node that delimits the
upstrearrend of the link(labeled a$ressure, UpStr in Table 5b). Conversely, the data in column
#12 represents the pressure at a point immediately upstream of the node that delimits the
downstrearrend of the link (labeled as Pressure, Dm$iFable 5b) Thus, tle data shown in
columns #1 and P represent the pressure at the upstresamd downstrearends, respectively,
of each lateral pipe segment and are labeled as such in5bable

Note that the continuity property of the lateral pressure head profile inetedpplies to the
lateral hydraulic head profile (hydraulic graldee) and the total head profile (the energy grade
line). Thus, each of these hydraulic parameters will alstidpdayed in the output data table in
two columns (se8ectiors 4.4.3.h and 4.3.i).

Both the upstream and downstream lateral pressure head data are shown in the odd
numbered rows, where data related to the links that correspond to the latesaigonsnts are
displayed. The evenumbered rowon the other handre set to zero (Tabl&a andbb),
indicating that the data in these colundiesnot relatéo the links corresponding to the lateral
outlet metering apparatuses.

4.4.3.f. Velocity head and friction head losses, lateral pipe segments (columns #13 and 14)

The computed velocity head and friction head loss data corresponding to each lateral pipe
segment are shown in columns #13 and 14 of the output data tableZdaMelodty heads
and friction head losses are displayedhe oddnumbered rows of theutput dataable.The
evennumbered rows of these columies the other hana@dye set to zero, indicating that the data
in these columndo not relateo thelinks representig lateral outlet metering apparatuses.

4.4.3.9. Local head losdateral pipe segment{column #15)

Computed local head lossimat occur in lateral pipe segmeate displayed in column
#15 of theoutputdata table (Tablb). Although local head losses occuagioint orpoints
along a lateral pipe segment, the data in coléfrfrepresents the cumulative local head loss
that may occur over a lateral pipe segmant the losses attributable to individual
appurtenances$n other words, these values are the sum of the losses that occur at a node
delimiting a link and all other forms of local lossésany, that occur within the link.

Accordingly, the data in colum#l5 are shown only in the oddimbered rows of the
outputdata tableThe evemumbered rows are set zemudicating thatdatain column #15 are
impertinent tdinks corresponding to outlet discharge metering apparatuses.

4.4.3.h. Hydraulic head at the upstreanand downstrearrends of a lateral pipsegment

(columns#16 and17)

The computed hydraulic head at the upstreamad downstrearends of each lateral pipe
segment are shown in colum#6 and 17 (Tabl&b). As noted earlier in Section 4.4.3.bet
hydraulicheadprofile (i.e.,the hydraulic gradéine) isnotacontinuous function of distance at
junctionnodeswhere local head Isss occur Thus,LincSyscomputes hydraulic heads not at
thesenodes, but gboints immediately upstream and downstream of each Aaderdingly, he
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data in column#16 andl7 are labeled aBydraulic headat the upstreanand downstream
ends, respectively, of lateral pipe segrséintble5b).

It thenfollows, consideringalink corresponding to a lateral pipe segment, it can be
observed that the datatime oddnumbered rows afolumn#16 represent the hydraulic head at a
point immediately downstream of the node that delimits the upsteeanof the Ink.

Conversely, the data in colur#7 represent the hydraulic head at a point immediately upstream
of the node that delimits the downstreamd of the link.

Note that he hydraulic head data the evemumbered rows afolumns#16 and 17 are
set tozero, indicating that the data in these columnsealatyto the lateral pipe segments.

4.4.3.i. Total head at the upstrearand downstrearrends of a lateral pipe segment (columns

#18 and19)

The computed total head at the upstreardand downstrearend of each lateral pipe
segment are shown in colum#k8 and 19 (Tabl&b). The total head profild.€.,the energy
gradeline) is not a continuous function of distancguaiictionnodeswhere local head losses
occur(Sectiond.4.3.e). Thus,LincSyscomputes the total headt at the nodes, but at points
immediately upstream and downstream of each ndcieordingly, he data in column#l8 and
19 are labeled athetotal heads at thepstrearnand downstrearends respectively, of lateral
pipe segmemst(Table5b).

It then follows,consideringalink corresponding to a lateral pipe segment, it can be
observed that the datatime oddnumbered rows afolumn#18 represent théotal head at a
point immediately downstesn of the node that delimits the upstreand of the link.
Conversely, the data in colur#d9 represent theotal head at a point immediately upstream of
the node that delimits the downstreamd of the link.

Note that hetotal head data ithe evemumbered rows afolumns#18 and19 are set to
zero, indicating that the data in these columns relate only to the lateral pipe segments.

44.3j. The operating status of pry&olumns#20)

The data describing the operating status of the pressure reducing palgeate shown
in column#20 of the output data tab{&able5b). The outputdatadisplayed in this columoan
beone of three integetumbersO0, 1, or 2A value of 0, in this column, indicates that the link
has ngorv attached to itA value of 1 signifies that thenk has aprv attached to it and tharv is
operatingn the passivemode. On the other hand, a value dfidcatesthat the link has prv
and is operating in thactivemode.

If the current system configuration optiordsoptubeEmitter or EmitterOn-Lateral,
then the entire column #20 is set to zero. If, on the other hanDyoptubePrv-Emitter system
configuration is considered, théme evemumbered rows correspang to virtual linksand all
the oddnumbered rowsvould be set to zerd he evemumbered rows corresponding to links
thatrepresent discharge metering apparatuses, on the othemmmardidisplaya value of 1 or 2
depending on the mode of operation of pine

Note thatif one or more of th@rvs, along the lateral, are fully throttled ththe
simulation is considered unsuccessful and a runtime error message will be printedaraghe
with a suggestion on how to remedy the source of the error.
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4.4.4. Browsingthe output data table

When theOutputtabpage opens, the uppermost-leihd corner cell of the output data
table is highlighted (Figur#5). However, the output data table is rextitable, thus the cursor
function isonly navigationalThe cursor can be moved from an output data table catidther
through mouse clicks. Alternatively, the keyboard can be used to shift user interface focus from
one cell to another.

The cursor can be moved from a cell to tma is immediately to the riglf it by
pressinghe Tab or the Rightwasarrow keys in the keyboard. Alternatively, pressing the
Shift+Tab or Leftwardarrow keys moves the cursor fromautput data table cell to another
that is immediately to the ledif it. Upwards and Downwards arrow keys can be used to move
the cursor up and dovithrough the table a row at a time.

The PgUp and PgDown keys can be used to move the cursor up and down, respectively,
oneoutput data table page within the same column. The Home and End keys can be used to
move the cursor to the first and last columnspeetively, of theutput data table within the
same data row. Pressing the Ctrl+Home keys moves the cursor from any cetiutpthielata
table totheupper lefthand corner cell of theutput data table. Alternatively, pressing the
Ctrl+End keys moves the cursor from any cell indghgput data table to the lower righand
corner cell of the table.

4.4.5. Navigationbuttons, Output tabpage

Threenavigation buttons amisplayedn thelower half of theOutputtabpage, namely:
SystemsProjects|nput, andChars buttons which can be activated with the mowsiek or
using access keys from the keyboard.

Clicking on theSystens-Projectsbutton with the mouse or pressing the Ai¢eys from
the keyboardhifts the focus from the Quut tabpagéo the SystemProjects window

Thelnput tabpage can be opened from @heptutwindow by tapping on the Input
button with a mouser by pressing Alt+l keys from the keyboard.

Clicking on theChartsbutton with a mouse or pressing Altk€ys from the keyboard
shifts the focus from th®utputtabpagedo the Chagtabpage, where computed output
parameters are displayed in graphical form

45. The Charts tabpage

45.1. Featuresand related functionalities and layout dhe Chartstabpage

TheCharts tabpage can be acesdsom the System®rojects window if the currently
selected project represents a complete profechoted earlier in Section 4.2.3.c;@mplete
project isonein whichthe project folder contains all project files, including the input and all
output data files, excefite EmitterDischargePressure.Dat and Lat_hEIVHgIEQI Expfil&est
(Section5.1.1.9. Often, however, the Charts tabpage is accetssedgh theCharts buthn in the
Output window.

TheCharts tabpage is desgphto displaya graphical rendering @f total of 11 computed
hydraulic parameters each in a sepacatets panesequentially. Figured, depicts the features,
layout, and content of the Charts window when it is first opened either for8ystemsProjects
or the Output window.
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At the top of the window is the titlebar and at the bottom the statusbatitl€bar of the
Charts window is exactly the same as those of the SysReopscts, Input, and Output
pages. In the statusbar of the Charts tabpage, however, the name of the current tabpage is Charts
(Figure 16).

Right under the titlebar of théharts wirdow, the tabcontrols are displayed with the Charts
tabcontrol highlighted. The SystefRsojects tabpage can be accessed from the Charts window

by tapping on the Systerf&ojects tabcontrol with the (left) mouse button. The Input and Output
tabcontrols, othe other hand, can be used to open the respective tabpages only if they were
activated through navigation buttons earlier during the simulation event (Sections 4.3.1 and
4.4.1).However, mless the Charts tabpage was accessed directly from the Sy&tgatss

window, the fact that the charts window is open implies that either the Output or both the Output
and the Input windows may have already been activated in the current simulation event. Hence,
either one or both tabpages can be opened from the @hadisw by tapping on their respective
tabcontrols.

Directly underthe tabcontrols, the Charts window features a rectangular chart panel that displays
graphical outputs. When the Chanmdow is first opened the charts panel displays the graph of
the eleration profile of the lateral centerline and the computed hydraulic and energyligesde
(Figure 16). Other chart panels can be brought into display using the navigation buttons depicted
in Figure 16 below the charts panel. Before proceeding to thesdisowon the navigation

buttons, however, some general chart attributes common to all charts will be discussed next.

A chartoés panel has a white background col or .

light green color. A chart consists of aabt one curve and at most three curves. Charts with

three curves use different colors to draw each curve and the colors used are: red, blue, and black.
If a chart contains only one curve, then it is drawn with a blue color. Chart titles, axes titles, and
legendsare inblack color.

TheCharts window contains three navigation buttons (Output, Previous, and Next) and a
Save button. If the Output button is activated, the user interface focus shifts to the Output
tabpage. The Previous and Néxttons allowt he user to shift program
panel to the next.

In order to understand the function of faevious and Next buttons, it is convenient to
conceptualize each of the charts as images placed in different pages of a charts album. Now, in
any given page, the Previous button allows you to flip a page to the left of the current page and
hence bring ird view the chart in the page to the left of the current page. By contrast, The Next
button allows you to flip a page to the right of the current page and bring into view the chart on
the page to the right of the current page.

In the leftmost chart pard€which displays the lateral elevation profile and the hydraulic
and energy gradknes), the Previous button is deactivated, because there is no chart page (panel)
to the left of this page. Conversely, when the Fgluist chart panel (which displays the
velocity headorofile charj is reached, the Next button would be deactivated as there is no chart
page to theight of that page. In between the {afbst and righinmost pages, however, both the
Previous and Next buttons are active and can be usedwsédthrough the different chart
pages.
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The Save button can be used to save the tietrisin displayin the Chartsubfolder
under the current project folder. The saved chart can then be opened in any image processing
applicationand incorporated into a report.

45.2. Description of the contents of the Charts output

4.5.2.a.Chart depicting éevation profileof the centerline of the lateraand thehydraulic

and energy graddines

Figure B depicts a graph of the lateral elevation profile and computed hydraulic and
energy graddines. Both the horizontal axis, which represent distance from lateral inlet and
vertical axis which shows the lateral elevatibydraulichead, and total head aremeter.

The chart title is shown at the top and the chart legend is shown at the uppkanidttorner of
the chart panel.

The lower most curve, shown in black color, is the elevation profile of the lateral. A look
at the elevation profile of the latdrshows that the lateral is comprised of seven spans installed
in a field with variable slope (along the length of run of the lateral).

The upper most curve, displayed in blue color, is the energy-tined@r the total head
profile) of the lateral. Wreas the middle curve, depicted in red color, is the hydraulic-rede
(or thehydraulichead profile) of the laterdror this particular problerboth of these curves are
monotonic decreasing functions of distance from the lateral EN@lently, he energygrade
line should be a decreasing function of distance, unless the lateral has a booster pump, a scenario
not considered here. On the other hand, the hydraulic-tjredean have a different monotonic
property with respect to distamalong thdateral depending on tHateral diameter.

Evidently, the difference between the total head at the inlethandt any point along the
lateral reflects the energy loss (friction and local head losses) that occurred between the inlet and
thatpoint. The difference between the energy giaaeand the hydraulic gradme atany
given point along the lateral is the velocity head. Finally, the difference between the hydraulic
gradeline and the elevation profile is the pressure head.

The Savebutton can be used to save the current chart. On the other hand, activating the
Nextbutton would close the current chart panel and open the lateral pressure chart panel (Figure
7).

4.5.2.b.Lateral pressure head profilehart

A sample of lhelateral pressure profile is shown in Figure 17. The pressure head profiles
of linearmove and centegpivot laterals exhibit a distinctly wavy pattern, which contrasts with
thegenerallysmooth pressure profiles of sebét and setove irrigation systemisiteral As a
result, two different forms of spatial variabiligégtributes consisting of local spascale
variability patterngsolid-line) and a broader intespan/lateraivide trendgdashdotted line)can
be discerned in the pressure head profilebede laterals (Zerihun et al., 2019 and Zerihun and
Sanchez, 2019cAs can be noted from Figure 1Rgtlocal spaiscale(in-span)pressure head
profile variability patters exhibit some general attributes that are repeated, altvatighome
variation alongthelateral. The pressure differentialacross individual spans, when considered
overtwo or more consecutive spaggelds a trend in pressure variability over multiple spans.
Such a pressure variability attribute is referred here astigrespan lateral pressure variability
trend

77



Thein-span pressure variability patterns and the igpam trends are mainly functions of
the geometry of the lateral, the slope of the field in which the lateral is installed, and lateral
diameter More detailed discussion on lateral pressure profile variability attributes will be
provided in Chapter @Note that, in Figure 17, the curve shown in sdihe (i.e., the actual
lateral pressure profiley computed witH_incSys butthe curve representingdahnterspan trend
isaddedo the chartmanually.

The user can save the pressure head chart by activatiS8guHeutton and/or return to
the elevation profile anthe hydraulic and energy gradees chart by clicking on threvious
button. Alternatively, activating thidextbutton will close the lateral pressure head profile chart
panel andrings intodisplay the kad differential across emittgmv-inlet pressureandprv-set
pressurgrofileschart

— o . -
Systems-Projects | Input | Output | Charts

e N

Lateral Pressure Profile

Lateral pressure (m)

T T T T
o 85 170 255 340

Distance along the lateral (m)

Output ] [ Previous ] [ MNext ] [ Save

Output Charts | Droptube-Prv-Emitter | SampleProject 12 =======> Al Highlight Access-Keys | Alt+Access-Key: Activate a Mavigation Button

Figurel7. Sample lateral pressure head profile

4.5.2.c.Chart depicting the lead differential across emitter, pmwlet pressure, and prset

pressure profiles

Figure18depictsa sample chart of the head differential across emgtesinlet pressure,
andprv-set pressure profiles along the lateral. The upper most curve (shown in blue color) is the
prv-inlet pressure, the lower most curve (depicted in black color) is the emitter head differential,
and the horizontal curve (displayed in red coisitheprv-se pressure. Note that this sample
chart is for a system witbBroptubePrv-Emitter configuratioroption If, on the other hand, the
system configuration option is Droptubgnitter or EmittefOn-Lateral,then this chart panel will
display only théhead diffeential across emitter
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Note that over the upper 10 section of the lateral, thprv-set pressure and the emitter

speci fied uen

t he

head differential curves overlap (i.e., fhr@-set pressure is equal to the emiitdet pressure
over this segment of the lateral). Thigplies that thervsover this section of the lateral were
operating in the active mode. In other words, over the uppe@rh&ction of the lateral the
prv-inlet pressure at least equals to the minimum recommended fonvtteeoperate reliably in
theactive modg13.5m) and is less than the maximum allowable (74.0iofe that the
minimum recommendegrv-inlet pressure is equal to the sum of pine-set pressure and the
minimum required margin between thie-set andorv-inlet pressures for tharv to operate
reliably in the active mode. On the other hand, the maximum alloywablalet pressure or its
range i s

manufactur eds

By comparison, the emitter head differential over the lower 178@chof the lateral

fell below theprv-set pressure, indicating thatvsover this segment of the lateral were
operating in the passive mode. Note that the spatial variation inadkelifeerential across
emittersover the lowesection of the lateral reflects the variation in the field slope.

The current chart can be saved by pressin@#webutton, if necessary. Alternatively,
pressing thélextbutton closes the current chaenel and displays the chariter discharge
profile.

Systems-Projects IInput IOutputl Charts |

e

254

204

15—

Emitter Head Differential and Prv-inlet and -set Pressure Profiles

—— Emitter Head Diff
—— Prv h_inlet
—— Frv h_set

10

Eritter head diff. and Prv-inlet and -set pressure [m)

T T
0 85 170 255

Distance along the lateral (m)

T
340

| L ]

Qutput l I Previous

Save

Output Charts | Droptube-Prv-Emitter | SampleProject 12 =======> Alt Highlight Access-Keys | Alt+Access.

-Key: Activate a Navigation Button

Figure18 Sample bartof head differential across emittepsy-inlet pressure, and
prv-setpressurdor a DroptubePrw-Emittersystem configuration option
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4.5.2.d. Emitter discharge profile chart

Figure 19 displays a sample emitter discharge profile along a lateral. Emitter discharge is
in gallons per minute and distance along the lateral is in meter. Note that the emitter discharge is
constant over the upper 173.0m section of the lateral, whepswhare operating in the active
mode Section 4.5.2x In the lower 179.0m, however, emitter discharges were smaller than
those observed in the upstream section and follow the same pattern as the corresponding emitter
head differential.

While theSa\e button can be used to save the current chart, activatingekibutton
will close the current chart panel and displays the chart for the lateral discharge profile.

Systems-Projects | Input | Output | Charts

' ™
Emitter Discharge Profile

Emitter discharge (GPM)

T T T T
0 85 170 255 340
Distance along the lateral (m)

Qutput J Previous l HMext | Save

Output Charts | Droptube-Prv-Emitter | SampleProject 12 =======> Alt: Highlight Access-Keys | Alt+Access-Key: Activate a Navigation Button

Figure19. Sample chart of emitter discharge profile

4.5.2.e. Lateral discharge profile chart

A sample lateral discharge profile is depicted in Figure 20. The lateral discharge is in
gallons per minute and the distance along the lateral is in meter. Thed&ehalrge profile for
this example is a linear decreasing function of distance from the lateral inlet. However,
depending on the hydraulic and geometric parameters of the lateral and the field slope, the rate of
decrease in the lateral discharge may noessarily follow a linear pattern.

The Save button can be used to save the current chart, if necessary. Alternatively,
activating the Next button will close the current chart page and brings into display the chart panel
for friction head los# lateral ppe segments

4.5.2.f. Chart depicting the profile of friction head loss in lateral pipe segments

Figure 21 displays a sample chart of friction head loss profile in lateral pipe segments.
Friction head loss in lateral pipe segments, is shown in thealeatiis, in centimeter and
distance from lateral inlet, is shown in the horizontal axis, in meter.
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Systems-Projects !]npul Output | Charts

-
Lateral Discharge Profile

Lateral discharge (GPM)
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Distance along the Iateral (m)
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Output Charts | D be-Pry-E SampleProject 12 =======> Al: Highlig

Key: Activate a Navigation Button

Figure20. Sample chart of lateral discharge profile

Typically, the profile of friction head loss lateral pipe segments is a smooth, often
monotonically decreasing convex, function of distance from the lateral inlet. However, that
behavior of the friction head loss curve holds only if the lateral pipe segments are of equal length
and have diameter amydraulic resistance characteristics that is invariant along the lateral. For
the lateral considered hethe length of the lateral pipe segments vary along the lateral, but
diameter and hydrauliesistance parametare constantNow, consideringpipe segmentgshat
areadjacento one anotheit can be observeithat, in such a laterad,segment witralonger
lengthcan havefriction head losgreaterthan that of a shorter segmemven when the shorter
segment is located upstream of the longer segrAithough lateral discharge decreases
monotonically with distance from the inlet, the difference in discharge between adjacent
segments may not always be sufficient to compensate for the effect of lateral pipe segment
length on friction head lossvhichexplains the series of spikes and dips in the friction head loss
curve shown in Figure 18lonetheless, overalihe lateral segment friction head Igssfile
shows a decreasing trend with distance from the lateral inlet.

Now, theSave button can be activated to save the current chart. Alternatively, clicking on the
Nextbutton on the current chart panel closes the current page and opens the chart panel for
cumulative friction head loss.

4.5.2.g.Chart depicting cumulativeriction head lossprofile

A sample cumulative friction head loss chart is displayed in Figr&i# cumulative
friction head loss datghown in the vertical axiss in centimeter ad the distance along the
lateral, shown in the horizontal axis, is in mekggure 22 shows that theimulative friction
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Systems-Projects | Input | Output| Charts

' I
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Figure21. Sample chart depicting tipeofile of friction head loss in lateral pipe segments
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Figure 2. Sample chamwf thecumulative friction head loss profile
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head losgurve for the current lateral monotonic increasing concave function of distance
from the lateral inlet.

The current chart can be saved by pressin@#webutton, if necessary. Alternatively,
activating he Nextbutton will close the current window and opens the page that displays the
Darcy-Weisbach friction factor.

45.2.h. DarcyWeisbach friction factomrofile

A sample chart for the DareyWeisbach friction factor profile along a lateral is depicted
in Figure 3. It is an increasing convex function of distance from the lateral inlet over the upper
350.0m length of the lateral. It then becomes an inargasiear function of distance over the
distal twameter long section of the lateral.

The spatial behavior of the friction factor profile can be explained based on the variation,
with distance form lateral inlet, of the flow Reynolds number. Over the Bafe®m section of
the lateral, the Reynolds number is at least equals 4000, thus flow over this section of the lateral
stayed in the turbulent zone. Given thatltteralconsidered here is characterized by spatially
invariantdiametey it can be readily reasoned tlla¢ flow Reynolds numbefor this lateral
shoulddecrease with distance from the lateral iritethen follows from the relationshipetween
friction factor,a constantelative roughnessnd Reynolds numbén the turblent zong(given
in Moody diagramthat, for sucta lateral, thdriction factoris anincreagng convexfunctionof
distance from théateral inlet This explains the spatial trend of the friction factor curve over the
upper 350.m length of the lateral.

Over the last twameter segment of the laterbbwever thelateraldischargebecame
sufficiently smallfor the correspondindreynolds numbeto fall under4000.For Reynolds
number lesshan4000,LincSyscomputes the friction factor with th@minar flowequation. Note
that thechange in the trend of the fiion factor curvéFigure 19) near the downstreand of
the lateral (characterized by an initial drop in the friction factor followed by a steejasewith
a linear forn) reflectsthe behavior of the friction factor equation for laminar flow.

Now, theSavebutton can be used to save the current chart. Alternatislatiting on theNext
buttonwill close the current window and open the page that displays the chart showing local
head loss in lateral pipe segments.

4.5.2.i.Chart depicting the profile ofdcal head losss inlateral pipe segments

Figure 24 depicts a sample profile of the local Heades in lateral pipe segments. The
vertical axis shows the local head loss in lateral pipe segments in centimeter and the horizontal
axis represents distance from the lateral inlet in meter.

Except for theoccasionalocalized spikes, the local heads$es in lateral pipe segments
overall show a decreasing trealdng thdateral This isbecause the types of local losses
considered anthe local loss coefficientssed (with the exception of those at span joiats)the
same along lateral and ththelateraldischarge decrease progressgiy with distancealong the
lateral.However this pattern is disrupted byarp spikesn the local head losses six points
alongthe lateralwhich of course decreasedthvdistance frontheinlet. Note that hese
localized spikesccur at span joints where local head losses are relalarglrthan the other
nodes.

The Save button can be used to save the current chart. On the other hand, activating the
Nextbutton will close the current window and opensphge that displays the cumulative local
head loss chart.
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Systems-Projects | Input | Output | Charts

-
Friction Factor
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Figure B. Samplechart ofthe Darcy-Weisbach friction factoprofile

[ Systems-Projects [ Input | Output| Charts |
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Output Charts | Droptub i Alt: Highlight Access-Key

Figure 21. Samplechart depicting therofile of local head losssin lateral pipe segments
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4.5.2.j. Chart eépictingthe cumulative local head loss profile

Figure 5 depicts the cumulative local head loss profile. The cumulative local head loss,
shown in the vertical axis, is in centimeter and the distance alongténal Ishown in the
horizontal axis is in meter. The cumulative local head loss profile is an increasing concave
function of distancérom the lateral inlet. The loalized spikes that occurred in the span jonts
appear as slight jumps at tleeations of the three upstream span joints (Figure 25). However,
for span joints close to the distahd their effects on the cumulative local head losses are
indicernible.

The current chart can be saved usingSheebutton. On the other hand, thiex button
can be activated to close the current window and open the panel displaying the velocity head
chart.

Systems-Projects |Inpul Output | Charts

~

Local Head Loss Profile, Cumulative

Local head loss, cumulative {cm)

T T T T
0 85 170 255 340

Distance along the lateral (m)

Output Charts | Drop’ Emnitt S. ject | s

Figure 5. Samplechart of thecumulative local head loss profile

4.5.2 k. Velocity head profile chart

Figure 26 displays the velocity head profile. The velocity head is shown in the vertical
axis in centimeter and the distance along the lateral is shown in the horizonatl agisrin m
Because pipe diameter is constant along the lateral, the velocity head profile is a montonic
decreasing convex function of distance from the lateral inlet.
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Figure26. Sample chart of the velocity head profile

Chapter 5. File management (directory structure and inputoutput data files),
data validation, and runtime errors

5.1.File management: directory structure and inputoutput data files

LincSysuses a specific directory structure to track and manage projects and other program data
files. Figure 27 depicts the project management directory structure and its contents at program
installation.

As noted inSection 1.2.3.a, directly und#re LincSysinstallation folder (which is
labeled as theincSysfolder in Figure 27) there is therojects folder. Under the Projects folder
there are five subfolders: DrptubePrvEmitter, DrptubeEmitter, EmitterOnLat,
HelpDocAndLiterature, and Templates_InpatBFiles.The contents of each of these folders
will now be discussed.

5.1.1. The contents of the system configuration option folders

5.1.1.a An overview

TheDrptubePrvEmitter, DrptubeEmitter, and EmitterOnLat folders are referred here as
system configuration folders and they contamcSysproject data corresponding to the
DroptubePrv-Emitter, DroptubeEmitter, and EmitteOn-Lateral system configuration ophs,
respectively. Opening, for instance, the DrptubePrvEmitter folder would show that at installation
it contains fifteen sample projects (i.e.
SampleProject_1®achwith a complete set of input aditput data filesincluding graphical
outputs(Figure 27) The sample projectsover a wide range lateral hydraulic and geometric
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Figure27. The content and structure lofi n c gBojes management directory
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parameter sets and field slopes, anelmeant thielpusers to familiarize themselves with the
contents andbrmatof the inputoutput data files ofincSys

Although only the content of tHeroptubePrvEmitter folder is showm Figure 27 each
of the DroptubeEmitter and EmitterOnLat system configuration folders as well contain fifteen
sampleprojects with exactly the same name as those for the DrptubePreEsyitem
configuration folder.

Opening any one of the project folders under the DrptubePrvEmitter system
configuration folder, say for instance opening the SampleProject_1 folder, would show that it
contains a total of 9 files and a folder named @has can be noted from Figure 27, the project
files have the following extensions: Inp, Out, Dat, Txt and Xlxs. The file with the extension Inp
is the input data file, while the files with the extensions Dat and Qwistoofthe output data
files. Thefile with the extension Txt is a Readme file, whisimeant 6 serve as a quick help
information resource to the user on the contents of the project folder. Note thairgiuthend
output data files ofincSysarespace delimited text fileS'The excepon here is the excel file
(extensionXIxs), which has the same content as the input dat@riitData_LinLat.Inp) and is
intended to be used as an input data template that can be modified and adapted by the user as
neededA list of theinput-output files ofLincSysand a description of the contents of the files are
presented in Table 7.

The Charts subfolder contains image files with the extension Png and each file represents
one of the eleven output charts createdlingSys

Note hat subsequent discussion is based on ioptgut datdiles of a system with
DroptubePrv-Emitter configuration. However, where necessary particular attributes of the input
output data associated with the Droptibraitter and EmitteOn-Lateralsystemconfigurations
will be highlighted

5.1.1.b Input data file (InputData_LinLat.Inp)

InputData_LinLat.Inp

InputData_LinLat.Inp is the inputata file ofLincSysandit containsbothnontabular
and tabular datdigure 28 depicta sample of the content of &rputData_LinLat.Inp file
showing the no#tabular data block andsegment othetabular data section.

The nontabular input data block includes such items as total head at the lateral inlet
water temperaturdateral lengthspan geometric parameters, support tower height, summary of
the network topological data (i.e., numbetioks andnode$, number oflateral pipe segments
and emittersand number of spans (Figure 28dr systems witbroptubePrv-Emitter
configuration, therv hydraulic parameters need to be specified in thetabualar data section.
For systems with Droptublerv-Emitter and Droptub&mitterconfiguration average drojube
length and emitter above ground clearance need to be specified a kgtlbf the parameter
names specified in the ndabularinputdata section and corresponding uaitsl rangesre
summarizedn Table 2.

The talular data blok is wherethe network topological data, the latergidraulic, geometric,
andelevation profile data, drefube related parameters (if applicabl)itterparameters and

local head loss coefficients are specified (Figure 28)ndicated irSection 43.3 and also

shown in Figure8, the tabular input data contains 24 columns. Each column represents a data

type.
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Table 7. Input and output data files dfiacSysproject

File name

Extension

Description of content

InputData_LinLat

Inp

Input data file. File content consists of network topologic:
and lateral hydraulic, geometric, and elevation data

InputData_LinLat

XIxs

Excel version of the input data filghputData_LinLat.Inp)

OutputData_LinLat

Out

The main output data fil&his file contains network
topological and elevation profile data and computed
hydraulic parameters

Chart_EIVHgIEgI

Dat

Output date fileThe contens of this file consists of the
lateral elevation profile and computed hydraulic griwe,
energy graddine, and lateral pressure profile ddtancSys
uses data from this file to create: {ti¢lateral elevation
profile, the hydraulic graddine, and the energy gradiae
chartand (2)thelateral pressure profilehart

Chart_EmitterPrvinletSetPres

Dat

Output data fileThis file contains data oprv-inlet pressure,
prv-set pressure, computed head differential across emit
and emitter discharge profile along the lateral. Output da
from these file are used by the prograncreate:(1) the
prv-inlet pressureprv-set pressure, and emitter head
differentialchart and (2)the emitter discharge profilehart

Chart_FhlLhIVelH

Dat

Output data file. Contents of this file consist of the
computed lateral discharge, friction head loss in lateral
segments, cumulative friction head loss, Da¥égisbach
friction factor,local head loss in kateralpipe segment,
cumulative local head loss, and velocity head profile date
These data are used by the program to create: (1) the la
discharge profilehart (2) chart depictinghe profile of
friction head loss in lateraige segmers (3) the
cumulative friction head loss profitehart (4) the friction
factor profilechart (5) chart depictinghe profile of local
head losssin lateral pipe segments; (6) the cumulative lo
head loss profilehart and (7) the velocithead profile
chart

EmitterDischargePressure

Dat

Output data fileThe file contens consists of emitter
discharge, emitter head differential, lateral dischapge,
inlet pressure, anprv operating status-he fle contains
optional content fousers to creatprofessional looking
chartswith graphicalapplications.

Lat_hEIvHgIEgl_Comp

Dat

Output data file. Contains a more complete data on later:
hydraulichead, total head, and pressure head profiles alc
the lateralFile contains optional content for use in the
analysis othe spatial properties of tkeparameters

Readme

Txt

Readme fileThe file mntains arief summary of the
contens of thesample project folder
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i INPUT DATA  OF LINEAR  NOVE OR CENTER ~ PIVOT  LATERAL,  Prv-EMITTER ASSEMBLY PLACED ON DROPTUBE
e e e
Total  head at the lateral inlet m) = 20
Set pressure  head, Prv m = 17
Wimmum  reguired  pressurehead margin, Prv m = 3.5
Maximum  inlet pressurehead, Prv (m) = 98
Water  temperature ) = B
Lateral  Tength m = 222.5
Lateral diameter, typical (mm) = 212.6
Span length, typical m) = 2.8
Span altitude, typical m = 1
Support  tower heght, typical m) = 2.8
Draptube Tength, average m = 2.9
Emitter above ground clearance m = 0.5
Nurber  of spans O = 8
Nurber  of Tinks () =28
Number  OF nodes 0 =119
Nurber  Of lateral pipe segments () = 84
Nurber  OF emtters 0 = n7
[ressasasessre s S S SRS S S s 52
Node Node Link  Lat Node Node Node Node  Lat Lrel Drop- Drop-  Droptube  Emitter Emitter - - - local
Index Index  ndex  seg dist dist Elv Elv 5gg rough tube tube rel ghFunc  ghFunc Kb Kbend  Kprv  KIf
UpStr DnStr - leng  UpStr  DnStr  UpStr  DnStr  diam - Teng diam rough coeff  exp(h) - - - -
0 0 0 M (m) m (m M () 0 (m (mm) Us@/mb) ) o 0 0 0
1 2 1 0.8483 0 0.5483 2.5 2,9181 212.6  0.00001176 0 0 0 0 0 0 0 0 0
2 3 2 0 0.8483  0.3483 2,918 0.5 0 0 2.4181 19.05  0.0000787 0.259 0,499 012 0.027 1 0
2 4 3 0.8472  0.3483  1.695% 2,981  3.0286 212.6 0.00001176 0 0 0 0 0 0 0 0 0.042
4 5 4 0 16955 16955  3.0286 0.5 0 0 2.5286 19.05  0.0000787 0.259 0,499 012 0.027 1 0
4 6 5 0.8463  1.6955  2.5418  3.0286  3.1317 212.6  0.00001176 0 0 0 0 0 0 0 0 0.042
6 7 6 0 2.5418 2,518 31317 0.5 il 0 2.6317 19,05 0.0000787 0.259 0.499%  0.12 0.027 1 0
6 3 7 0.8454  2,5413 33872 31317 .2274 2126 0.00001176 0 0 0 0 0 0 0 0 0.042
3 9 3 0 3.3872 0 33872 .2 0.5 0 0 2.7274 19.05  0.0000787 0.259 0,499 012 0.027 1 0
g 10 g 0.8446  3.3872 4,238 3.2a74 3,315 2.6 0.00001176 0 0 0 0 0 0 0 0 0.042
10 1 10 0 42318 42318 3.315% 0.5 i} 0 2.8155 19.05  0.0000787 0.259 0.4999 0.12 0.027 1 0
10 12 1 0.8439 4,233 5.0757 33155 3.3963  212.6  0.00001176 0 0 0 0 0 0 0 0 0.042
12 13 12 0 5.0757  5.0757  3.3963 0.5 0 0 2.8963 19,05 0.0000787 0.259 0.499% 012 0.0z7 1 0
12 14 13 0.8432  5.0757  5.9189  3.3963  3.4697 212.6 0.00001176 0 0 0 0 0 0 0 0 0.042
14 15 14 0 5.9189  5.9189  3.4697 0.5 0 0 2.9697 19.05  0.0000787 0.259 0,499 012 0.027 1 0
14 16 15 0.8426  5.9189  6.7615  3.4697  3.53%6 212.6 0.00001176 0 0 0 0 0 0 0 0 0.042
16 17 16 0 6.7615  6.7615  3.5356 0.5 0 0 3.0356 19.05  0.0000787 0.259 0.4999  0.12 0.027 1 0
16 18 17 0.842 6.7615  7.6035  3.5356 35942 212.6 0.00001176 0 0 0 0 0 0 0 0 0.042
18 19 18 0 7.6035  7.6035  3.5942 0.5 0 0 3.0942 19.05  0.0000787 0.259 0,499 012 0.027 1 0
18 20 19 0.8416  7.603%  8.4451  3.5942  3.6455 2126  0.00001176 0 0 0 0 0 0 0 0 0.042
20 21 20 0 B.4451  8.4451  3.645% 0.5 0 0 3.1455 19.05  0.0000787 0.259 0,499 012 0.027 1 0
20 2 i 0.8411  5.4451  9.2862  3.p455  3.6894 212.6  0.00001176 0 0 0 0 0 0 0 0 0.042
b 3 2 0 9.2862  9.2862  3.68%4 0.5 il 0 3.18%4 19,05 0.0000787 0.259 0.4999  0.12 0.027 1 0
i U 3 0.8408  9.2862 10,127  3.6894  3.726  212.6 0.00001176 0 0 0 0 0 0 0 0 0.042
U 25 U 0 10,127 10,127 3.726 0.5 0 0 3.226 19.05  0.0000787 0.259 0,499 012 0.027 1 0

Figure28. The content o samplenput data file(lnputData_LinLat.Inp) ofincSys for Droptule-Prv-Emitter systemconfiguration
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The number of rows of the tabular data is equal to the numibsdaoduliclinks. The
maximum number of links thatincSyscan accommodated is 2000. The gdanbered rows of
the input data table contains input parameters related to lateral pipe segments. On the other hand,
parameters related to outlet discharge metering apparatuses or virtual links attacmed to
offtake nodes are displayed in the evermbered rows. A more detailed sample of the tabular
input data table is provided in Tables 3a and 3b.

In preparing the tabular data section of ltimgutData_LinLat.Inp file, it is important to
pay attention tohte fact that the hydraulic network topological data should be specified in
accordance with the descriptions provided in Section 4.3.3.a. Furthermore, the pattern of
variation in the nodal distances and nodal elevations columns of the tabular data need to
duplicate the patterns in the nodal index columns.

As noted in Section 4.3.3lfjncSysdistinguishes between offtake and rafftake nodes
based on the input data in the column where the coefficient of the emittedibeldrge
equation is specified (catn #14 of Table 3b). If the data in an esembered row of
column#14 is set to a valid positive real number (Table 4), then it signals to the program that the
corresponding link is attached to an offtake node. If, on the other hand, it is set to zero, the
corresponding link is a virtual link attached to a +offtake node.

If the data in the evenumbered row of column #14 is set to a valid-zero value and if
the selected system configuration optioDrsptubePrv-Emitter or DroptubeEmitter, then tk
droptube parameters in columns #11 to 13 and the branching and bending local head loss
parameters in columns #16 and 17 (Tables 3a and 3b) need to be specified. In addition, for a
system with Droptub®rv-Emitter configuration, therv indicator parameer (column #18, Table
3b) needs to be set toMote that his implies that for the Droptubern~Emitter system
configuration option each outlet discharge metering apparatus along the lateral is fitted with a
prv. For EmitterOn-Lateralsystem configuration option, however, the contents of columns #11
to 13 and columns #17 and 18 (Tables 3a and 3b) need to be set to zero.

Sources of lineaimove andcenterpivot sprinkler irrigation system data

Hydraulic simulaibn of a lineafmoveor centefpivot system requires a substantial
volume of data on lateral elevation profile and hydraulic and geometric parameters. For an actual
system, a detailed inventory of the sysmsmponentand specificationalong withrelated
hydraulic and geometrigarameters can be found in the machine specification docsment
provided by the manufacturer.

By contrast, lte system elevation profile data may heteadily availableA directway
to determine the elevation profilé @ lateral § to run a profile leveling survey along the lateral.
However, running a profile leveling survajongthe centerline of such kateral requires a slight
modification of the conventional field proceduhe this specific applicatiorthe height of
instrument(i.e., theelevation of the instrument line of sight from a set datisnigwer than the
elevation of thdateral centerlineThus,the setting of the leveling statfiring foresight readirg
and the calculation of the lateedkvation (from the height of instrument and foresiglaiding$
would be differenfrom what is considereconventioml.

The leveling staff should be held upsidewn in such a way that ther@ark is placed at
a level that matched the lateral centerlfzdoresight read as sudhouldthen be added to the
height of instrumentas opposed to being subtracted from the height of instrunecet¢termine
the elevatiorof the pointon the lateral centerline.
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When measuring elevatiorthe following poins may need to be observied an
accuratedetermination othe elevation profile of the laterdl) horizontal distance Iheeen
nodes should be sufficiently smalich thathedifference between theorresponding arand
chord lengths can be considered negligipiemeasurementseed to benadeat or sufficiently
close topoints ofelevation extremm(elevationpeaks and lowsgnd(iii) no elevation
measurement needs to be made downstream of theehstalutlet.

For a hypothetical laterabne can use equations of conic sections and cubic polynomials to
accurately model concave and convex spans, respectglinstance, the elevation profile of a
lateral,installedon a level field and consisting afseries otorncave spans, can be represented in
terms of aconcatenatederies of arcs defined by the equation of a circle.

Given the span length and altitydlee radius of curvature of the virtual cir¢leatthe
centerline of a spais a part oftan be readily calculatedo calculate the elevation profile of a
lateral, first a twedimensional coordinate system would be establisii¢ide reference datum is
set to the field surfac¢hen the horizontal axisf the coordinate systeroan beset in it.
Furthermore, if the horizontal location of tla¢eral inletis marked as the reference paoaith
respect to Wwich horizontal distance along tlength of run of théateral ismeasured, then the
vertical axis(of the coordinate systemjould pass through the lateral inlet. The coordinate
system would then have its origin on the field surface right under the lateral inlet.

Now, oncetheradius ofcurvature ofaspanits altitude, andhe support tower heiglof
the lateralre specifiedthen thecoordinates of the center of curvaturdtadvirtual circle of
whichthes p & ceidterlines a part can bereadily calculated Assuming asymmetric span, for
instance, the horizontal coordinate of the center of curvature of a span would be half the span
length plus the distance of the span inlet from the lateral inlet. The vertical coardirthe
center of curvaturesan be calculated éise negative othedifference between the radius of
curvature and the sum of the spaaltitude and the support tower height.

Given te radius of curvaturend the coordinates of the center of curvature of the virtual
circle that aapmpitasasdtmightoewarthecetiure naalculate the
elevations ofiny number of pointalongthe spanwith the equation of a circlestarting from the
inlet-end ofthespan The same can be repeated in eamhcavespanacross the laterab
determine the lateral elevation profdeerall the concave spans.

As noted earlierfor systems with distaénd cantilever type beantbe elevation profile
over such a span can be represented accurately with a cubic polynontiahfuflcecurve
defined by theubic polynomial can simply be appended to the downstezadhof the concave
segments of the lateral. However, in order to hasmooth fitting curve at the inleind of the
distatend spanthe cubic function should have i#s verticatinterceptthe elevation othedistal
end span joint

For laterals installed on a sloping field, however, one may need to augment the preceding
approach (described farlateraloperatedn alevel field) with trigonometrigelationshipgo
approximatelytake into account slope effects on lateral elevation profiles.

5.1.1.c Output data files

As can be noted from Table lincSyshas six output data filesaved in the project
folder. The main output data file, whiclntains network topological and elevation profile data
and computed hydraulic parametersheOutputData_LinLat.Out fileln addition, gproject
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folder contains three more output data fieth theextension Dat (Chart_EIVHgIEgI.Dat
Chart_EmitterPrvinletSetPres.Dat, and Chart_FhlLhIVelH.Dat). The contents of these files are
used by the program to creatgtputcharts.

Two additional output data files are created_bycSys EmitterDischargePressure.Dat
and Lat_hEIVHgIEgl_Comp.Da#s noted in Table 7 he EmitterDischargePressure.Jaé
contairs optional contenimeant b be usedh creatng professional looking chartwith graphical
applicationsfor subsequent use in reporihie data in the Lat_hEIVHgIEgl Comp.Dat fiten
the oter handcan be used in analyzinige spatial properties of lateral pressaeadprofiles.

OutputData_LinLat.Out

OutputData_LinLat.Out is the main output data fild.bfcSys It is a space delimited text
file comprised of nottabular and tabular output data blocks. Figure 29 defietsontendf a
sampleOutputData_LinLaOutfile showing the nofiabular datdblock and a sgmentbf the
tabular dataection

The nontabular output data block consists of emitter discharge and emitter head
differential variability indicator parameters, emitter dischargeeaniterhead differential
uniformity indicator parameters, and the error in the computed total inlet head (ZjuUxote
that data on the operating modepofs (if applicable) are shown at the bottom of the input data
table and hence not visible in Figure 29.

The tabular output data consists of 20 columns. Each column represents a data type,
consisting of network topological data, lateral elevation profile, and computed hydraulic data
such as lateral and emitter discharges, lateral pressure, emitter heaahigffefriction head
loss, local head losses, velocity helaghjraulichead, and total head profiles along the lateral.

The number of rows dhetahular output dat#s variable and is equal to the number of
hydraulic links. Each row in th@bular outpt datacontains nodal distances and elevations as
well as computed hydraulic data related to a link or associated nodes. The maximum number of
rows of the tabular output datavhich is equal to the maximum number of links thiatSyscan
simulate is 20@.

As can be noted from Figu9, the emitter discharge and emitter head differential are
shown in the evenumbered rows of the tabular datdicatingthat they correspond to the links
associated with outflow nberingapparatuses. On the other handttadl other computed outputs
aredisplayedn the oddnumbered rows of the table, indicating that they are retatiuks that
correspond to lateral pipe segmeautsl associated nodes

A more detailed sample of the output data table is presenfeblas 5a and 5b. The
contents of about half of the cells in the output data table araliles 5a and 5b and Fig28).

A value of 0 in all the data columns, except column 20, does not indicate that O is an output
parameter. Instead, they imply that gfagameter that a column represents is impertinent to that
particular row, specifically, to the corresponding hydraulic link and related nodes. An exception
to this is the data in column #20. If a value of 0 appears in anrewabered row of column #20

ard the system configuration optionisoptubePrw-Emitter, thenit implies that the

corresponding link is a virtual link attached to a {odftake junction nodeA more detailed
discussion on the contents of the tabular output data are proviBedtion4.4.3,).
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/f OUTPUT DATA 0F LINEAR  MOVE 0R CENTER ~ PIVOT  LATERAL, Prv-EMITTER PLACED  OM CROPTUBE

Minmum  emitter discharge (Ljs) = 0.6086
Average  emitter discharge (Ljs) = 0.7076
Mawimum  emitter discharge (Ljs) = 0.9776
Mimimm  emtter head differential m = 552
Average  emitter head differential m = 7.63
Maximm  emitter head differential (m = 1426
Uniformity coefficient emtter  discharge 0 = 0.8
Distr unif Tow quarter emitter discharge () = 0.868
Uniformity coefficient emitter  head differential 0 = 0.746
Distr unif Tow quarter emitter head differential () = 0.7%7
Total inlet head relative errar (%) = 0.00809
Total nlet head ahsolute error (m = 0.00162

Node Node Link Nodal  MNodal  Nodal  Nodal lat,  Emtr  Emtr  Pressure Pressure Vel FAL LHL HaL HaL EaL EGL  PrvOperst
Index Index Index Dist Dist Elv Elv Disch  Disch  H-diff.  Upstr Onstr Link Link L1nk - - - - -
Upstr Dnstr - UpStr Dnstr Upstr Onstr - - - - - - - - UpStr Dnstr UpStr Dnstr -

() () () (m) (m) (m) (m) (Lfs) (L) (m) (m) (m) (m) (m) (m) (m) (m) (n) (m) -
1 ? 1 0 0.8483 2.8 2.9181 1BL3GSE% 0 0 15.861637 15.681641 1.336745 (0.061896 0 13.661637 18.599741 19.993382 19.936436 0
? 3 ? 0.8483 08483 29181 0.5 0 0.977638 14.755658 0 0 0 0 0 0 0 0 0 1
? 4 3 0.8483 LG9S 29181  3.0286 180.388048 0 0 15.63972 15.468018 1.322412 (.061202 0.056254 18.55782 15.496618 19.330232 19.81903 0
4 ; 4 16955 LE%S 30286 0.5 0 0.971879 14.08B165 0 0 0 0 0 0 0 0 0 1
4 § 5 L6955 25418 30286 3.1317 179916163 O 0 15.426538 15.762907 1.30824 (0.0053L (0.055652 13.455138 18,304607 19.763377 19.702846 0
B 7 § LEE nA LT 0.5 0 0966312 13.9m7204 0 0 0 0 0 0 0 0 0 1
B 8 7 LEE LT LA LI L7AMIESE 0 0 15.771864 15.086207 1.294225 (.059867 (0.055058 13.353564 18.293697 10.647789 19.587922 0
B § 8 LI LB OLRM 05 0 090933 13.77BEE 0 0 0 0 0 0 0 0 0 1
8 10 9 337 4B LM L35 17989 0 0 15.005689 14.678372 1.280362 (0.059718 0.05447 13.253089 18.193872 19.533452 19.47423¢ 0
10 11 10 4B 4B L0 0 055743 13.6M146 0 0 0 0 0 0 0 0 0 1
10 12 1 4BIB 5077 LS L3963 L7708 0 0 14.838197 14.698315 1.266649 (0.058582 (0.053888 13.153697 18.095115 19.420346 19.361764 0
12 13 12 50757 S.OTT 0 3.3%3 0.5 0 0.50731 13.485589 0 0 0 0 0 0 0 0 0 1
12 14 13 5.077  5.9189 3.3963  3.4697 176.08M51 0 0 14.65907 14.527717 1253081 (0.057953 (0.053313 18.05537 17.997417 19.308451 19.250498 0
14 15 1 5.0189  5.9189 34697 0.5 0 0.045896 13.344805 0 0 0 0 0 0 0 0 0 1
14 16 15 50189 67615 3.4697 3536 175.136355 O 0 14.488401 16.365163 1.239634 (0.057338 (0.052743 17.958101 17.900763 19.197755 19.140417 0
16 17 16 6.7615 67615 3.5%6 0.5 0 001737 1321366 0 0 0 0 0 0 0 0 0 1
15 18 17 67615 7.B03% 3336 35947 1741338 0 0 1432672 1471093 1.226365 (0.056729 0.052079 17861877 17.805143 19.088237 19.031509 0
18 19 14 76035 T 3592 0.5 0 0336747 13.087866 0 0 0 0 0 0 0 0 0 1
18 0 19 76035 BA4SL 33942 LSS L7LBETL 0 0 1417476 14085037 1213211 0.056139 0051671 17766675 17.710537 16.979887 18923748 0
Fi] hal 0 BA4ST BA4SL 355 0.5 0 0.3MM 1% 0 0 0 0 0 0 0 0 0 1
0 n il B.A451 9,282 3.B55  3.6894 172326147 0 0 14.006991 13.927542 1.200188 (0.035549 0.051069 17.672491 17616942 18.872679 1R.81713 0
n 3 n 9,282  9.2882  3.68%4 0.5 0 098267 1.55193 0 0 0 0 0 0 0 0 0 1
2 U B 9.2862 10127 3.58% 3726 17139788 0 0 13.889915 13.798338 1.187293 (0.054977 (0.050527 17.579315 17.524338 18.766508 18.71163L 0
U % U 1017 10,177 3.7% 0.5 0 0.94271 127448 0 0 0 0 0 0 0 0 0 1

Figure29. The content o sample maioutput data file QutputData_LinLat.Outdf LincSys for the DroptubePrv-Emittersystem
configuration option
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Output files related to charts (Chart_EIvHgIEgl.DaGhart_EmitterPrvinletSetPres.Dat, and
Chart_FhlLhIVelH.Dat)

Chart_EIvHgIEgIl.Dat

The Chart_EIvHgIEgI.Dat file contains data on the elevation profile of the lateral
centerling thehydraulicandenergy graddines, andthelateral pressure profile. The conteat
a section of @ample Chart_EIvHgIEgl.Ddile is depicted in Figur80. The file contains five
columns of data. The first columnnsdaldistance from the lateral inlet, the second column is
nodal elevation, the third colunisithehydraulic head, and the fourth and fifth columns are total
head and lateral pressure datapeesively, allexpressedh meter. Note thabr all the links
(except the distaénd link)the hydraulichead, the total had, and the pressure head values are
those computed at the upstream end of eachfiokthe downstrearand link, howeverthe
paranetervalues computed both at the upstreamd downstrearends of the link are included
in the profiles of these parameters.

As indicated in Table 7hedata in this fileare usedby LincSysto generate the lateral
elevation profile, hydraulic gradee, and energy gradée chart (Figure 8) and the lateral
pressure profile chart (Figur&)l

Chart_EmitterPrvinletSetPres.Dat

TheChart_EmitterPrvinletSetPres.Ofde is atext file containing data on head
differential across emitter, th@v-set pressure, amv-inlet pressure profiles along the lateral.
Note thathe head differential across emitter gmd-inlet pressure profileare model outputs
whereaghe prv-setpressure is amput.

The contents of a part ofsampleChart_EmitterPrvinletSetPres.Ode is shown in Figure
31. The file contains data arranged in five columns. The first coluemiiterdistancerom the
lateral inlef the second column is head differential across emitter, the third and fourth columns
contain data oprv-inlet andprv-set pressures, respectively, (all measured in meter) and
the fifth column contains emitter discharge data in gallons per minute. lixata $n the second,
third, and fifth columns are model outputs. Note that the content of the
Chart_EmitterPrvinletSetPres.Cide, shown in Figure 31, is for a system with DroptRys-
Emitter configuration optiorBy comparisonfor systems with DroptubEmitter and Emitter
On-Lateral configuration option the file will contain only three columns: the column consisting
of nodal distances from the lateral inlet and the columns for head differential across emitter and
the emitter discharge columns.

LincSysuses lhe data in Chart_EmitterPrvinletSetPres.filatto create the emitter head
differential,prv-inlet andprv-set pressure chart (Figur8)land the emitter discharge chart
(Figure 19), described iBection 5.1.1.c.

Chart_FhILhIVelH.Dat

TheChart_FhiLhIVelH.Dafiile contains a set of computed hydraulic parameters,
consisting ofateral discharge, friction head loss, friction factor, local head loss, and velocity
head in lateral pipe segmenfssection of thecontens of a sampleChart_FhiLhlVelH.Dafile is
depicted in Figure 32.

As can be noted from Figure 32, the file contains eight columns. The first column is the
nodal distance from the lateral inlet, the second column lateral discharge (discharge in each
lateralpipe segment), the third column is friction head loss in a lateral pipe segment, the fourth
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//Lateral elevation (ELV), hydraulic grade  Tine  (HGL),  energy  grade Tine (EGL),  and pressure data

Distance Elevation Hydraulic  Energy-grade Lateral

nodal (ELV)  grade-line,HGL  Tine,EGL  pressure
(m (m) (m) (m) (m)

0 2.8 18.662 19.998 15.862
0,848 2,918 18.558 19,88 15.64
1.696 3.029 18,455 19,783 15.427
2,542 3.132 18.354 19,648 15.222
3,387 3.227 18.253 19,533 15.026
4,232 3.316 18.154 19.42 14,538
5.078 3.39% 18.055 19,308 14,659
5.919 3.47 17,958 19,198 14,438
6,761 3.536 17. 862 19,088 14,326
7.604 3.594 17.767 13,38 14,172
8,445 3.646 17.672 18,873 14,027
9,286 3.689 17.579 18,767 13.89
10.127 3.726 17,487 18,662 13.761
10.967 3.755 17.39% 18,558 13,641
11,808 3.777 17.306 18,455 13.528
12,648 3.792 17.216 18,353 13.425
13.488 3.799 17.128 18,253 13.329
14,328 3.799 17.041 18,153 13.242
15.168 3.792 16.954 18,055 13.162
16.008 3.777 16. 869 17,857 13,091
16,848 3.755 16.784 17,861 13.029
17.689 3.726 16.7 17,785 12,974
18,53 3.689 16,617 17.67 12,928
19,371 3.646 16,535 17,577 12,89
20,212 3.594 16.454 17,484 12,86
21,054 3.536 16.374 17,393 12,839
21,897 3.47 16.295 17,302 12,825
22.74 3.3% 16. 216 17.212 12,582
23.584 3.316 16.138 17.123 12,823
24,429 3.2%7 16. 062 17,035 12,534

Figure30. The content o& sampleChart_EIVHgIEgl.Dafile

/{Head differential acrass emitter (He), Pry-inlet pressure (hprv-1), Prv-set pressure (hprv),  and  emitter discharge  (Qg)
Distance Emitter-head  Prv-inlet Pry-zet Emitter
emitter diff,He  pressure,hprv-i pressure,hprv  discharge,e

(m (m) m (m) (GPH)

0,848 14,256 17.156 7 15,49

1.69% 14,088 16,996 7 15,409

2.542 13.927 16. 842 17 15.316

3.387 13.773 16.694 17 15.231
4,232 13.624 16,551 17 15,149

5.076 13,482 16.415 7 15,069

5,919 13,345 16,284 7 14,993

6,761 13,214 16,158 7 14,919

7.604 13.088 16.038 17 14,848

8,445 12,967 15,922 17 14.779

9.286 12,852 15,812 17 14,713

10,127 12,74 15,706 7 14,65

10,967 12,636 15,605 7 14,589

11,808 12,53 15,508 7 14,531

12.648 12.439 15.416 17 14.475

13.488 12.347 15,328 17 14.422

14,328 12,26 15,245 17 14,371

15,168 12177 15,166 7 14,12

16.008 12099 15.09 7 14,276

16. 848 12,05 15.019 7 14,232

17.689 11,955 14,952 17 14.191

18.53 11,889 14,889 17 14,152

19,371 11827 14,83 17 14,115

20,212 . 14,775 7 14.08

21,054 1,716 14,74 7 14,048

21,897 11,666 14,676 7 14,018

22.74 11.61 14,632 17 13.991

23.584 11,579 14,593 17 13.966

24,429 11,542 14,557 17 13,943

Figure 31 The contenbf a sampleChart_EmitterPrvinletSetPres.Dat file for DroptuPe-
Emittersystem configuration option
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column contains data on the cumulative friction head loss, the fifth column is the Darcy
Weisbach friction factor, the sixth column is the Idoaad loss in a lateral pipe segment, the
seventh column is the cumulative local head loss, and the eight column contains data on velocity
head in lateral pipe segments.

Note that the data on nodal distance do not start from thecindedf thdateral,where
distance is . Instead, it starts form the distance of the upstreachjunction node from the
inlet-end of the lateral. This is to indicate titfa friction and local head lossésthe
Chart_FhILhlIVelHDatfile arecumulativevalues (ovethe respectivéateral pipe segmerntghat
correspond téhe downstream end dielateral pipe segmestFurthermorefor consistencythe
parameters that are constant over a lateral pipe segment (consistitegadfdischarge, friction
factor, and viecity head arealsorepresented in thehart_FhlLhIVelH.Daffile at the downstream
end ofeachlateral pipe segment.

Note that the content of ti@&hart_FhILhIVelH.Dafile does not vary with the system
configuration option.

The datan Chart_FhILhIVelH.Dafile is used by the program to create seven of the eleven
charts described in Sections 4.5.2.e to 4. bli&se include, the lateral discharge profile chart
(Figure 20), the chart showing friction head loss profile in the lateral pgreentgFigure 21),

the cumulative friction head loss profile chart (Figure 22), the friction factor profile chart (Figure
23), the chart showing the profile of the local head losses in lateral pipe segments (Figure 24),
the chart for cumulative local hetéosses (Figure 25), and the velocity head profile chart (Figure
26).

Additional output data files (EmitterDischargePressure.Dat abhat_hEIVHgIEglI Conp.Da)

A LincSysproject folder contains twadditional output data files, namely:
EmitterDischargePressure.Dat and Lat_hEIvHglEginp.Dat. These output data files contain
datathat was presented one or more of the files described in the preceding sedtiowever,
the datan thecurrentfiles arepresentecitherin aslightly different format or represent a more
complete versiomompared to the files described eariedaremeant tgorovide the user an
optional content

EmitterDischargePressure.Dat file

TheEmitterDischargePressure.Od¢ contairs data related temitters angbrvsin a
space delimited text file format.

The conterdof a section oh sample&EmitterDischargePressure.Dég, for Droptube
Prv-Emittersystem configuration optiois depicted in Figure3 The file containg tabular data
with six columns. The first column is the distance of an emitter from the latkraih meter.
The second column contaidata on emitter discharge, the third column is head differential
across emitter, the fourth column contains datitaral discharge, the fifth columnpsv-inlet
pressure, and the six column contains datpremperating status.

As noted earlierthe content of thiéile can also be found isome of thether output data
files described earlieHowever thisfile is intended tgrovide optional conterib users for
creatingprofessionalooking chartsvith graphical applicationsvhich can eventually be
incorporatednto a report
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[[lateral  discharge (), in-pipe friction  head loss  (Hf pipe), cumulative friction head loss (Hf cum), friction  factor (f),

[[local head losses in latersl  pipe segnents  (Lh Pipe), cumlative local head loss  (Lh_Cum), and velocity head  (Vh)  chart data

Distance lateral  Friction-head-loss Friction-head-loss Friction  Local-head-loss Local-head-loss Velocity

nodal discharge pipe,Hf_pipe cunulative,Hf cum factor,f  pipe,Lh_pipe  cumulative,Lh_cun head,Vh
() (GPH) (en) (cn) () (cn) (en) (cn)
0.848 1832.63 6.19 6.19 0.011605 5.625 5.625 133,674
1.69% 2867.134 6.12 1231 0.011614 5.565 11.191 132,241
2542 285179 6.053 18.363 0.011623 5.586 16.69 130,64
3.387 2836.413 5.987 .35 0.011633 5.447 10.143 19.422
4,23 2821.182 5.922 30,271 0.011642 5,389 17,53 128,636
5.076 2806.033 5.858 36.13 0.011651 5.331 32.863 126.665
5.919 2799.94 5.795 41,925 0.011661 5. 274 38.138 125,38
6.761 75,971 5.734 47.659 0.01167 5.213 13.35 123,95
7.604 2761852 5.673 53.332 0.01168 5.162 18.518 12.637
8.445 2746204 5.614 58.946 0.011689 5.107 53.625 m.3n
9,286 131,425 5,355 64.5 0.011699 5,852 58,677 120,019
10127 276,712 5.49 £9.998 0.011703 4,998 63.675 118.729
10.967  2782.862 5.441 75.439 0.011718 4,944 68.619 117.452
11808  2687.472 5.386 80.825 0.011728 4891 73.511 116.187
12,648 2672.942 5.331 86.156 0.011737 04839 78.349 114,934
13,488 2658.466 5.277 91432 0.011747 4.786 §3.135 113.693
14328 2644045 5.4 96,656 0.011756 4,73 §7.87 112,463
15168 2629.674 5.172 101.828 0.011766 4,683 92.554 11243
16.008 2615352 5.12 106,948 0.011776 4,633 97.186 110,635
16.848  2601.076 5.07 112.018 0.011786 .58 101,768 108.837
17.689 2586844 5.02 117.038 0.01179% 4.532 106.3 107.649
18.53 572,693 491 122,009 0.011806 4,483 110,783 106,471
19371 258,502 49 126,932 0.011815 4,434 115,217 105,303
20.212 2544387 L8375 131.807 0.011825 4,385 119,601 104,145
2.5 2530.306 4528 136,635 0.011835 4.3 123,938 162,99
21.897 256,258 4,78 141,417 0.011846 04288 128.226 101,85
20.74 150024 4,73 146,153 0.01185% 4.4 132.467 100.723
.58 248,249 4,691 150,844 0.011866 4,193 136,66 9.6
WUAW 274283 468 155,491 0.011876 4,146 140.807 98.485

Figure32. The content of aampleChart FhiLhlVelH.Da file

Lat_hEIvHgIEgl Com.Datfile

ThelLat_hEIVHgIEgl CompDatfile contains data on lateral elevatitnwydraulichead, total
head, and the lateral pressure profildse contents of a part of that hEIVHgIEg CompDat
file is depicted in Figure 34. Althoughe Lat_hEIVHgIEg.Datile alsocontains data on ése
parametersthecontent of thd.at_hEIVHgIEgl _Comp.Ddtfile represents enore complete
version of théhydraulichead, total head, and lateral pressure podibenpared to those the
Chart_EIvHgIEgI.Datfile. Specifically, in the Lat_hEIvHgIEgl_Comp.Ddile, eachof the
hydraulichead, total head, and the lateral pressure prafiletin a pair of data pointba@ut
eachjunction node along the lateral. For instartbe, lateral pressure profjlm the
Lat_hEIvHgIEglI Comp.Dadtile, would be conprised ofan array in which pressure about each
junctionnode is defined in terms afpair ofvalues, consisting of pssure evaluated atpoint
immediatelyupstream o nodeandanother onat a poinjust downstreanof the nodeNote
that the exception here is the boundary nddestheinlet- and distalend nodes)where
pressure can be defined only at a paimbut the node.

While conceptually importargnd is useful in the analysis of the spatial properties of the
lateral pressure head profiléle difference between the total helagdraulichead, and lateral
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I Emitter discharge,  head differential across emitter, lateral discharge,prv-inlet pressure, and  prv-operating status  profiles

Mst. Emitter HoifFf Lateral PRV PRV

emitter discharge across discharge inlet oper
- - emitter - h-inlet status
(m (L/s) (m (L/s) (m )

0.8483  0.977637822 1425365772 181.BASARGL 17,15645183  Passive
1.6953 097187878  14,08816541 180.3830483 16.99599831  Passive
25418 0.966311926 13.92720357 179.9161695 16.84180082  Passive
3.3872 0.960933285 13.77236239 178.9498576  16.69365839  Passive
4.2318  0.955742659 13.62414559 177.9889243 16.55147877  Passive
5.0757  0.950730662  13.48159% 177.0331816 16.41492316  Passive
5.9189 0.94589592  13.34480522  176.082451 16.28387765 Passive
6,761 0.941237012  13.21364605  175.136535  16.15323045 Passive
7,603 0.93674741  13.08786624  174,195318 16.037736%6  Passive
8.4451  0.932424089 12.967313%% 173.2985706 1592225011  Passive
9.2862  0.928266668 12.85191302 172.3261465 1581169933  Passive
10,127 0.924270679  12.74147975  171.3978799  15.70590705 Passive
10,9675 0.920435886 1263504343  170.4736092 15.60481168  Passive
11,8078 0016756634  12,53511205 1695531733 1550821204  Passive
12,6479 0.913234824  12.43896818 168.6364167 1541610868  Passive
13,4879 0.909866953 12.34737306 167.7231818  15.3283629  Passive
14,3279 0.906651481 12.26023859 166.8133149 1524489031  Passive
15,1679  0.90358723% 12.17748932 165.906663¢ 1516561864  Passive
16,008 0.900673008 12.09905129 165.0030762 15.09047703  Passive
16,3483 0.897909514  12,02490446  164,1024032 15.01944628  Passive
17,6888 0.895292553 11.95489937 163.2044936 1495238322  Passive
18,529 0.892824919 11.88907612 162.3092011 1488932623 Passive
19.3707  0.890504493 11.82734552 161.4163762 14.830189%  Passive
20,2123 0.888332455 11.76970786 160.5238717 14.77497456  Passive
21,0543 0.886307199 11.71609222 159.6375392 1472361218  Passive
21.8%9  0.8B4428476 11.66646532  158.751232 14.67607031  Passive
2.7400 0882700097 11,6209028  157.3663036  14.6324232  Passive
23,58 0.8BL120595 11.57934286 156.984103% 1459260987  Passive
4.4286  (0.8796B8361 11.54173536 156.1029829 14.55658287  Passive

Figure 3. The contenbf a sampld&mitterDischargePressure.Dat file for Droptie-Emitter
system configuration option

//Complete sets of lateral glevation, hydraulicgrade  Tline,  energy grade Tine, and pressure data
Distance Elevation Hydraulic Energy-grade Lateral
nodal (ELV) grade-Tine,HGL Tine,EGL pressure

UpStrm/Dn5trm  UpStrm/DnStrm  UpStrm/DnStrm  UpStrm/DnStrm  UpStrm/DnStrm
(m) (m) (m) (m) (m)

2.8 18. 66163724 19,998382 15, 86163724

0. 3483 2.9181 18.59974101 19.93648577 15, 68164101
0.8583 2.9181 18.55782049 19, 83023226 15, 03972049
1.6955 3.0286 18.49661807 19.81902983 15. 46801807
1.7055 3.0286 18.45513767 19.76337745 15.42653767
2.5418 3.1317 18.39460671 19.70284649 15.26290671
2.5518 3.1317 18.33356392 19.64778859 15.22186392
3.3872 3.2274 18.29369686 19.58792153 15. 06629686
3.3972 3.2274 18.25308922 19.53345163 15. 02568922
4.2318 33155 18.19387167 19.47423408 14, 87837167
4.2418 33155 18.15369681 19.42034588 14, 83819681
5.0757 3.3963 18.09511477 19.36176384 14, 69881477
5.0857 3.3963 18.05537028 19,30845117 14, 65907028
5.9189 3.4697 17.99741699 19,250497388 14,52771699
5.9289 3.4097 17. 95810054 19.19775476 14, 43340054
B.7615 3.5356 17.9007626 19.14041683 14, 3651626
B.7715 3.5356 17. 86187193 19,0882374 14,32627193
7.6035 3.5942 17. 80514306 19.03150853 14,21094306
7.6135 3.5942 17.76667589 18,9798871 14,17247589
B.4451 3.6455 17.71053659 18,9237478 14, 06503659
B.4551 3. 6455 17.67249071 18, 8726788 1402699071
9.2862 3.6894 17.61694186 18.81712995 13.92754186
9.2962 3.6894 17.57931511 18.76660796 13.88991511
10,127 3.726 17.52433791 18. 71163075 13.79833791
10,137 3.726 17.48712817 18.66165048 13.76112817
10. 9675 3.7552 17.43271728 18.60723959 13.67751728

Figure 34.The contenbf a sample of theat_hEIvHgIEgl_ComgDat file
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pressure head profiles given in @@bart_EIvHgIEgl.Datnd the profilsin the file
Lat_hEIvHgIEgl_Comp.Datare practicallymarginalfor most nodes, except those with
significant local head losses.

Note that he data in théat_hEIVHgIEgl_Comp.Dadtile is not used by the program to
create charts. Insteaitljs an optional contenheant to be used in the analysis ofspatial
properties ofinearmove and centepivot lateralpressurgrofiles

5.1.1.d.ReadmeTxt file

TheReadme.Txt file is a text file that contains help information on the contents of a
sample project folder and is intended to be used as a-helpknfo resource for users. The
content of a sample Readme.Txt file is shown in Figure 35.

The file contains @scriptive information on the contents of each file in a sample project
folder. It also provides a summary of key input parameters that are used to create the input data
file of the sample project and a @elexdtiont ati ve
profile andgeometric and hydraulic characteristics. Although the Readmidid present in
all of the sample project folders, it will not be automatically createldrimSysin projects
created by the user subsequent to program installation.

5.1.1.e. The Charts subfolder

The Charts subfolder contains eleven image files in f8ngat, each of which represents
a graphical rendering of the lateral elevation profile and compwieculic parameters (Figures
16 to 26). The list of the chart file names and a description of their contents is provided in
Table 8.The Charts subfolder contains a text file, Readme.Txt, with a brief description of the
contents of the folder.

5.1.2 HelpDocAndLiterature folder

Thefolder HelpDocAndLiterature contains two types of documents that can be accessed by users
through the Hgd menu ofLincSys (i) files with help information that will be displayed on the

screen when a relevadelp menu item is activated (Section 4.2.34o)d(ii) a selected set of

technical literature on lateral hydraulics and system design and manageéiformmat,

which canbe displayed on the screen by activatnigelp menu item (Figure 8c). The files in the

first category consist of the complete user manual: UserManual.Pdf and a second set of
documents comprising each chapter of the manual as a standalone help docuguack fo

access to a specific topic. This include: Chapter_1. Pdf, Chapter_2.Pdf, Chapter_3.Pdf,
Chapter_4.Pdf, Chapter_5.Pdf, and Chapter_6.Pdf.

The technical literature consists of journal articles detailing the hydraulic principles and
numerical algoritms that formed the basis of the numerical modulgréSysandadditional
reference materials in design and management of eptarirrigation systems. The names of
the files that constitute the technical literature set@eet{on 4.2.3.b): HydrLintigSys_1.Pdf,
HydrLinlrrigSys_2.Pdf, HydrLinlrrigSys_3.Pdf, and PressProfLinLat.Pdf,
DesignOperationOfSprinklerSystems.Pdf, and CenterPivotlrrigationManagementHandBook.Pdf.
TheHelpDocAndLiteraturdolder also contains a text file, Readme.Txt, with a brief description
of the contents of the folder.

These files are placed in the HelpDocAndLiteratlwang program installation and users
must not alter the files in any way or move them to a difteieder.
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[//THIS FOLDER CONTAINS THE INPUT AND OQUTPUT DATA FILES FOR THE CURRENT SAMPLE PROJECT
The following provides a description of the project:

Project attributes Value Explanation

* Project name SampleProject_1 One of 15 =zample projects that comes with the LincSys
model, Verison 1.0

* Project files Seven text files Consisting of one input and six output files

- InputData_LinLat.Inp - Project input Data file

- OQutputData_LinLat.Out - Main project output data file

- Chart_ETvHglEqgl. Dat - Lateral elevation, hydraulic grade-Tine (HGL), and energy
grade-Tine (EGL) data for charting

- Chart_EmitterPrvInletSetPres. Dat - Head differential across emitter, prv-inlet and prv-set
pressures, and emitter discharge profiles data for
charting

- Chart_Fh1Lh1VelH. Dat - Friction head loss, local head loss, and velocity head

profiles data for charting

- EmitterDischargePressure. Dat - Emitter discharge, head differential across emitter,
lateral discharge, Prv-inlet pressure, and prv operating
status data

- Lat_hETvHg1Eg1_Comp. Dat - Complete Lateral elevation, pressure, HGL, and EGL profiles
data (Note: the pressure, piezometric head, and total head
data 1in this file contains values corresponding to points
immediately upstream and downstream of each node)

* Project subdirectory Charts Contains eleven image files consisting of hydraulic
parameter charts

= System Configuration Option DrptubePrvEmitter This is a system that uses droptube, prv, and emitter
assemblies to meter outlet discharges along the lateral

= A relatively short lateral 222.5m

* Number of spans 8 Concave spans
= Short spans 27.7m
= Large diameter pipes 212. 6mm
* fAbzolute roughness,low 0.0025mm

Figure35. The contenbf a sampldReadme.Txt file in a sample project folder, for a system
with DroptubePrv-Emitter configuratioroption

5.1.3. Templates_InputDataFiles folder

TheTemplates_InputDataFiles folder containscSysinput data files for laterals with number
of spans ranging between 6 and 12. The contentfoamatsof these files are used hyncSys
as templates for creating the input data file for a new pr{feaiton 4.2.3.b)

Directly under th&emplates_InputDataFiles foldarethe DrptubePrvEmitter,
DrptubeEmitter, and EmitterOnLat subfolders (Figure 27). These subfolders contain the input
data template files (text files with extension Inp) for the Drop#iveEmitter, Droptube
Emitter, and EmitteOn-Lateralsystem configuration options, respectivédyerall, there are a
total of eight files in each of tesesubfoldes. The name othe input datdile in eachsubblder
consiss of two partsthe basic inputlata file naméfi | n p ut D a {) andaktiing(i a 6 0 ,
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Table 8. List of files in th€hartssubfolder of d.incSysproject folder

File name Description of content
ChartEgIHgIEV.Png tﬁ;er{al elevation profile, hydraulic gratiae, and energgradeline
ChartEmitDischarge.Png Emitter discharge profile chart
ChartEmitPrvinletSetPres.Png Erzglggr head differentiafrv-inlet, andprv-set pressure profiles
ChartLatDischarge.Png Lateral discharge profile chart
ChartLatPressure.Png Lateral pressure profile chart
ChartFhlPipeSeg.Png Profile of friction head loss in lateral pipe segments
ChartFhICum.Png Cumulative friction head loss profile chart
ChartFrictionFactor.Png Darcy-Weisbach friction factor profilehart
ChartLhlICum.Png Cumulative local head loss profile chart
ChartLhIPipeSeg.Png Local head loss in pipe segments profile chart
ChartVelHead.Png Velocity head profile chart

@ The chardepictsthe emitter head differentigbyv-inlet, andprv-setpressure profiles for the
DroptubePrv-Emitter system configuration option. For Droptubeitter or EmitterOn-Lateral
system configuration optigmmowever, the chart would show only #maitter head ifferential

A_ 706, nA_80, fA _90),) TheselstimggepreSenthelnomber ofisparf tHe 2 o
latera) that a specific input data template fienstitutesFor instance, the nametbiefile that
contains the input data for a lateral with six spans would be InputData_LinLat_6.Inp.

Note thatin all the three subfolders, under themplates_InputDataFiles foldehe
names and extensionsadrrespondingiles are the same. In other wordst instance, the input
data template file for a lateral with six spans has the name InputData_LinLat_6.Inp in all the
three system configuration option subfolders. However, the contents of the files differ from one
system configuratiooptionfolder to another.

These files are placed in the Templates_InputDatafélder during program installation
and must not be altered in any way or moved to a different folder.

5.2. Model functionalities for input data validation and for detecting input data file format
and runtime errors

TheLincSyssoftware has functionalitiesff detectingand reportingzarious kinds oérrors The
main category of errors are: input datadruntime erros. The input data errors are further
divided into four categoriesncorrect numeric format, data out of acceptable range, data
consistencyandwrong input data file format.

Furthermore, errorassociated with input data can occur during the preparation of the
input data file and hence are embedded in the input data file. Alternatively, they may occur
during data editing in thimputwindow (Figures 10 to 12) afincSys Each of the input data
error categories will now be discussed.
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5.2.1.Errors related to inputdata

5.2.1a. Incorrect numeric format

If a nonrnumeric string is inputted in a numeric field, thancSysprints an error
message on the screen indicating that an incorrect numeric format error has occurred. A numeric
field could be an input box or a cell in the input data tablarafSyswhere a numerical input is
expected. It could also be an entry in the input data file. Amumneric string is comprised of a
concatenated series of characters with one or morewmmeric characters, other than a decimal
point.

5.2.1.b. Data out of rarge

Each input parameter @&fncSyshas a fixed feasible range of variation, which was set
basebn | iterature dat a an @husgfuatddtaitenspécifiedingher i enc e
input datdile or edited inthe Input windowof LincSysis outside the set feasible interytien
LincSysprintson the screen an error message relatédeimput data range.

5.2.1.c.Data consistency

Data specified in the input data file or inputted inltip@ut window ofLincSysneeds to
meet certain consistency criterkrst, hedata in thenonrtabular section oughi bein
agreementvith thecorrespondinglata in theéabular data block~or insance, the length of the
lateral, the number nodes, links, and system components specified in itadualan data block
need to bef the same value as the corresponding entries in the tabular data.section
Furthermore, the data variability pattermianyof the input data table columns need to be
consistentvith the patterns of variability of the topological data, which are specified in the first
three columnef the input data tablgSectiors 43.3.a, 4.3.3.b, and 4.3.3.dn addition, data in
the input data table need to meet required relationships betlate columns, specifically:
between input data table columns #4, 5, and 6; between columns #9 and 10; and between
columns # 12 and 13.

Finally, data items related to links that are associated with lateral pipe segments can be
specified only in odchumbeed rows of the input data table and input data related links
representing outlet discharge metering apparatuses can only be specifiednnm@bened rows
of the table.

If an input data item (either in the input data file or in the Input windolrafSy3
violates any of these input data consistency requirementsl.ith&®yswill print on the screen
an error messagelated to data consistency.

5.2.1.d.Wrong input data file format

As can be noted from Figu8, the input data fil¢InputData_LinLat.Inphas a specific
format that needs to be strictly observed when preparing the input data file. The first three lines
of the input data table are ndata rows. The first row is a title row and describesype of
lateral and the system configuration option considered. The second row consists of a string of
asterisks and the third row is an empty row.

The nontabularinput datablock starts in the fourth rovand t wouldbe comprised of
17, 14, or 12owsdepending on whether the system configuration opti@raptubePrv-
Emitter, DroptubeEmitter, or EmittetOn-Lateral, respectively.
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The nontabularinput data and the tabulawmput data blocks are separated by two-non
data rows: an empty row followed by@w with a string of asterisks. Furthermore, at the top of
the tabular data section there are four-data rows consisting of the column headings of the
tabular data.

If any of these rows are missingncSyswill print on the screen an error message
indicating that there is an error in the input data file format and needs to be cdrefotech
simulation run can be executédbte that the format of the input data file must not be changed in
any way.

5.2.1.e. Occurrences of input data error

As noted earlierhe input data errors described in the preceding sections can occur in the
input data file(lnputDaa_LinLat.Inp) during input data preparation or they may be introduced
during data editing in the jut window ofLincSys Thus, the tine that the erromessagés
displayedduring a simulation session and the form of the messagends on whether the error
is in the input data file or was introduced during data editing.

Input data error in the input data file

In the event that theput data error occurred in the input dalia, upon activation of the
Input window from the SysterriBrojects tabpagéincSyswould be unble to populate the input
boxes and the input datable of the Input windowvith data. Thusyunder such a scenarite
Input window will be displayed with no dat&uperimposed on the Input window wouldthe
input data error dialog box with an error message. An example of such a screen is displayed in
Figure &.

- ot

Systems-Projects | Input | Output | Charts

System data, summary :

Total head at the lateral inlet (m) Lateral diameter, typical (mm)
Prv set-pressure (m) Span length, typical (m)
Min. req. margin between prv's inlet- and set-pressures (m) Span altitude, typical (m)

Prv inlet-pressure, maximu m (m) Support tower height, typical (m)

Water temperature (oC) Drop-tube length, average (m)

Lateral length (m) Emitter above ground clearance (m)

System geometry and components, summary
Number of spans Musabacot o I8

osnak
Error - Nontabular input data block [
Number of Links (-) o AP

Number of nodes (-)
0 The total lateral inlet head is out of range,

Permissible range is between 10 and 250m.

Input data table - Geometric, topographic, and i | Edit input data file!

|
Node Index, Node Index, | Nodal Elv, Nodal Elv,
UpStr (-) DnStr (-) | UpStr (m) DnStr (m)
1) ) | @) @)

Systems-Projects Simulation

Input Data | Droptube-Prv-Emitter | SampleProject 1 =======> Alt: Highlight Access-Keys | Alt+Access-Key: Activate a Navigation Button

Figure 3. Error messageinput data out of rangénput data error that occurred in theut
data file(InputData LinLat.Inp) during data preparation phase
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As can be noted from FiguB8, the error dialog box has two components: a title in the
titlebar of the dialog box and a message printed in the main body of the daloghe tittle
indicates that the message in the dialog box is an error message and it also states that the error
occurred in the netabular data block.

The main body of the dialog box contains the actual error message, which also contains
two parts. Thdirst part describes the specific parameter the error relatdsetoature of the
error, and possible remgdThe second part, which is displayed at the bottmmof the error
messag@oints towhere the error occurrdde., in the input data file or introduced during data
editing in thelnput window) For the current proje¢Figure &), the error occurred in the input
data file and hence thegror message statdst the useneed to editthe input datafile A Ed i t
i nput data fil eo

A click onthe Ok button of the dialog baxill close the dialog box and returpsogram
control to the SysterABrojects window. The user mé#yenneed to open the input data file
(InputData_LinLat.Inpwith a suitable application aredlit the datatem, identified to be in
error,in accordance with the suggestion in the error dialoghedare initiating a new simulation
event

Input data errorintroduced during editingof input data inthe In put window

If, on the other handhe input data error is introduced in ti@ut window during data
editing, then error message will be displayed on the screen when the Simulationibutten
Inputwindow, is activated following data editingigure 37, for instance, displays amor
message related to the range of an input data item.

| output | Charts

Systems-Projects | Input

Systemn data, summary :

Total head at the lateral inlet (m) Lateral diameter, typical (mm)

Prv set-pressure (m) Span length, typical (m)

Span altitude, typical (m)

Min. req. margin between prv's inlet- and set-pressures (m)

Support tower height, typical (m)

Prv inlet-pressure, maximum (m)

Water temperature (0C) 25.0 Drop-tube length, average (m) 298
0.50

Lateral length (m) 2225 Emitter above ground clearance (m)

System geometry and components, summary

Number of spans 2 Blusobge of egments (-) 264
Error - Nontabular input data block =S
Number of Links (-) = () 257

Number of nodes (-)
o The total lateral inlet head is out of range,

Permissible range is between 10 and 250m.

Input data table - Geometric, topographic, and Edit data!

Node Index, Node Index, Nodal Elv, Nodal Elv, o
UpStr (-) DnStr (-) UpStr (m) DnStr (m)
) ) — - @ ®)
[ ox ]
2 2 3 - - - - — 29181 0.5
3 2 4 3 0.8472 0.8483 1.6955 29181 3.0286
a 4 s 4 ] 1.6955 1.6955 3.0286 0.5
s 4 6 S 0.8463 1.6955 2.5418 3.0286 31317
6 6 7 6 o 2.5418 2.5418 31317 0.5
7 6 8 7 0.8454 2.5418 3.3872 31317 3.2274
8 8 9 8 o 3.3872 3.3872 3.2274 05 <
i »

Systems-Projects | [ Simulation

Input Data | Droptube-Prv-Emitter | SampleProject 1 ======= Alt: Highlight Access-Keys | Alt+Access-Key: Activate a Navigation Button

Figure J. Error messageinput data out of range: input data error introduced
during data editing ithe Inputwindow
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Note that the message in theor dialog box of Figure73has the same components as
that shown in Figure@® Furthermore, the core error message is the same, because the parameter
that the error is associated with, the nature of the error, and possible solutions are the same.
Howeva, the error, in the current case, occurrethim Input window during data editing and
hence the message at the bottom row of the dialogsbo d i t, imglyng thal the data in
the Input window needs to be corrected.

A click on the Ok button of thdialog box will clear the dialog box and returns program
control to the Input window. The new Inpuindow will display the original (i.e., error free
data), which can then be edited by the user if need be.

Note that for errors that occur in the inputadtable, the form of the error dialog box dhd
time at which the dialog box is displayed the screefduring a simulation evenalsodepend
on whether the error occurred in the input data dileingthe data preparatiophasepr is
introduced during data editing in thgputwindow. The only difference is that for errors that
occur in the input data table, the specific parameter associated with an ig@rtalais
identifiedin the error message dialog blox the row and column dex of theinput data table
cell where the error occurred.

5.2.2. Model runtime error

LincSysgenerally produces an output following a simulation towever, some
combinations of input parameters may lead to infeasible hydraulic scemandsch case
program execution endgth aruntime error. One such error, for instance, arises when a
relatively small inlet head is usedla moderate to small diametiateral that is outfitted with
high capacity emitters.

There are nine categoriekran time errorgSection 4.3.4)n total that have been
identified in the course of the development and testingnzSys If any of these errors occur
during a simulation rurthenprogramexecutionends without an outpaindthe progranprints
anerror message on the scre&he error message would bensising of information onthe
nature of the error along with a suggestion for possible remdadgxample of a runtime error
message is displayed in FigLd@

As can be seen from Figure 38, th@del runti me error dialog box
displayed in the titlebar of the box and a description of the error message in the main body of the
dialog box.

The message displayed in the main body of the dialog box has two componentsstThe fi
part, which comes under the heading runtime error description, states the nature of the model
runtime error. The second part, which is placed under the heading suggested solutions, describes
possible solutions that may lead to a successful simulation.

Clicking on theOk button at the bottom of the dialog box will close the dialog box and
returns program control to the Inpildta table, where the user can edit the input data in
accordance with the suggested solution.
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Systems-Projects | Input :Oulput Charts |

System data, summary :

Total head at the lateral inlet (m)

Lateral diameter, typical (mm)

Span length, typical (m)

Prv set-pressure (m)

Span altitude, typical (m)

Min. req. margin between prv's inlet- and set-pressures (m)

Prv inlet-pressure, maximum (m) Support tower height, typical (m)

Water temperature (oC) 25.0 Drop-tube length, average (m) 4.07

Lateral length (m) 548.7 Emitter above ground clearance (m) 0.75

- -
System geometry and componentsf~ o o e T
Number of spans -— )
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Figure 38. Sample model runtime error dialog bokinESys

Chapter 6. Results of model evaluatiorand application examples

Results of model evaluation and injuttput data from a selected set of application examples
(Section 5.1.1.a) are presentedhis chapter.

6.1. Model evaluation

6.1.1. Introduction

The current authors and cooperators have condudtedted evaluation of the hydraulic module

of LincSys HydrSimLaterals.exen whichcomputed lateral pressuneadprofiles and lateral
inlet discharges were comparedh measuredlata Zerihun et al.2019. The results of that
study is, in large part, repducedhere.

The data was obtained through fiehdasurementgerformed on a lineamove sprinkler
irrigation system vith a DroptubePrwEmitter systemconfiguration. The system obtained its
water supply from a concretimed canal and wagperatedinder steady flow conditions. Each
span consists of multiple outlet ports placed at variable spacingstilrep were used to
convey water from the overhead outlet ports down to paclemitter assemids Eachspray
nozzle was coupled topv at its inletend so as to maintain a set nozzle pressndehence
discharge

Three hydraulic dataets, consisting of laterptessure head profiles and inlet discharges,

were obtained through the field measuremedige of the datsets was used in parameter

estimation and the remaining twlata setswere used in model verification, i.e., comparison of
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measured and simulateddeal pressure head profiles and inlet discharges. Descriptions of the
linearmove sprinkler irrigation system used in the study, field measurements, and results of
model evaluation will now be presented.

6.1.2. Description of the linearmove sprinkler irrigation system used in model evaluation

Irrigation field evaluations were conducted in the spring of 2018 on a-ineae sprinkler
irrigation system installed on the research farm of the Maricopa Agricultural Center of the
University of ArizonaMaricopa, AZ. The lineamove system was managed by the USBRS
Arid-Lands Agricultural Research Center. The irrigated field, which covers an area of
approximately 6ha, was laser leveled in the weeks before the field evaluations. The effective
length ofthe lateral considered for hydraulic modeling purpose was 361.7m, which covered the
distance between a point on the lateral just upstream of the first emitter (treated here as the
lateral inlet) and the downstreaend outlet of the lateral.

Note that in subsequent discussions, the spans that make up a lateral are numbered
sequentially starting from the upstre@md span, which is referred here as span #1, and
increasing in the downstream direction along the lateral.

The lateral had sevenaps and, as noted earlier, it obtained its water supply from a concrete
lined canal (Figur&9). The effective length of span #1 was 50.8m (Fid®e Spans #2 to 6

were each 56.8m long. The effective length of span #7 was 27.0m, which was the distia@ce of
distalend outlet on the lateral from the span inlet. Each of spans #1 to 6 were supported at both
ends with wheeled towers. Span #7, on the other hand, was a cantilever type beam and was
supported by a wheeled tower at its irdetd and suspensionlitas anchored at the tower.

InIet—endsuppor_t Dischargepipe Archedspan  Span joint Drop-tube
tower,powekunit,
and pump
—_—
AT f;\%/j‘ ----- i;\-,—_----..\-"ii- -..\-‘
—— \#
Suctionpipe
A
Ground leve
Canal 54.5m 56.8m : 56.8m | 56.8m : 56.8m I 56.8m I27ml
50.8m
H
Intake Guidance mechanisn

Figure39. A sketch of the lineamove sprinkler irrigation system used in the field evaluations

The machine was powered by a diesel engine placed on the stqypartat the inleend of span
#1. This tower travelled on an elevated track along the berm of an embankment of the field
supply canal, but the tower attached to the distal of the span klats wheels on the field
surface (Figur&9). Hence, the upstreasnd span was inclined at an appreciable negative
gradientbetween its inletand distalends. By comparison, spans #2 to 7 wereualbn a level
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field. Based on machine specification dgdanninger, 2015) and fieldeasuremenjst was

deemed that spans #2 to 6 had the same geometry. In other words, they had the same length
same maximum kspan elevation differentiaind als@ curve tracing the centerline of each of
thesespanswasc®n dered here to be symmetric about a
point. As can be noted from Figure 3®e elevation profile, of each of spans #1 to 6, has a
concave form. Thus, for these spans the point of maximespan elevation occurred

sonmewhere in between the inlet and disgald of the spans (FiguB®) and the minimum ispan
elevation occurred at the span inéetd and/or distaénd In contrast to spans #1 to 6, the
elevation profile of span #7 was a convex curve and the point of maximspan elevation
occurred at the distand of the span, and the minimum was somewhere between the inlet and
distalends of the span.

Except for span #7, pipe diameter was constant along the lateral. A diameter of 162.3mm
(6.39j) was used over spa#i to 6 (Tabléa). Lateral diameter was then reduced to 136.4mm
(5.37jj) over the upper 13.8m long reach of span #7. It was reduced further to 101.65)m (4.0
over the distal 13.2m long section of the span. The lateral had a total efi4é&rs, with 49
emitters in span 1; 55 emitters each on spans 2, 4, 5, and 6; 53 emitters on span 3; and 27
emitters on span 7. The emitter model used in this lateral was Super spray UP3 produced by
Senninger (Senninger, 2017b). The nozzle size waS8#ma3/16ij. The coefficient and
exponent of the hydraulic characteristic function of the emitter, obtained based en head
di scharge data provided in the ma%.Aprassuteur er 0 s
reducing valveprv, was attached to ¢hinletend of each emitter. Th@v model used in this
lateral waPSR2(Senninger, 2017a). Thev-set pressurdyr; the maximum allowable inlet
pressure for thprv to operate reliably in the active modeax, and the minimum required
pressure head angin between the set pressure and the inlet pressure fawvtteeoperate
reliably in the active modehpr, are summarized in Tab8b. Droptube lengths vary between
2.6 and 4.4m and they were set such that packmitter assembly was suspended from the
lateral outlet at a uniform above ground clearance of about 0.76m (2.5ft), when the lateral was
installedin a level field (Senninger, 2015). The driybes had a constant diameter of 19.05mm
(3/4ii).

6.1.3. Detemination of lateral elevation profile

The elevation profile of span #1 was different from spans #2 to 6, mainly because of the
differences in slopes. The profile of span #7 was also different from the spans upstream, because
of the differences in the geral concavity structure of the elevation profiles of span #7 and the
other spans. As noted earlier, spans #2 to 6 had the same geometry anchmegon a level

field, thus they had the same elevation profile. This implies that the elevation praigenae

along any one of these spans should be applicable to the rest of the spans, after accounting for
the differences in the distances of oupletts and span joints from the lateral inlet. Thus,
determination of the elevation profile of the centerbfi¢he entire lateral was made based on
measurements over spans #1, 2, and 7 only. Accordingly, a profile survey was conducted over
spans #1, 2, and 7 using the elevation of the field surface (which as noted earlier was considered
horizontal) as datum. Ehrmeasured elevation profile data for spans #1 and 2 were fitted to the
equation of an ellipse and a cubic polynomial was fitted to the data for span #7, each with a
coefficient of determinatiorr{) of 0.99. Note that the elevation profile of span #2 was used to
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Table9a. Lateral hydraulic, geometric, and elevation data used in model evaluation

_ Dataset?
Lateral parameters Units
1 2 3
Number of spans - 7
Effective span lengfP m 27, 50.8, and 56.8
Horizontal m 361.7
Lateral length :
along centetine m 362.0
Support tower height m 3.7
Elev. differential between span joint and field m 3.62
surface
Maximum inspan elevation differentiafs m (1.15/1.50)/(0.65/0.74)
Lateral diametef mm 162.3/136.4/101.6
Lateral pipe mm 0.0015
Absolute roughness
Drop-tube mm 0.0015
Drop-tube length range m 2.64.4
Emitter spacing, horizontal m 0.591.65
Drop-tube diameter mm 19.05
Field surface slope % 0.0
branching, outlet - 0.03
line-flow, outlet - 0.008
Local head loss parameters :
bending, connector - 0.02
span joints - 0.04
Contraction® - 0.104/0.195
Constant total head at the ifilét m 19.2, 23.4, and 27.7
Elev. at the inlet m 4.84

(a) Datasets 1, 2, and 3 pertain to an actual limeare system with six full spans and a cantilever type
beam at its downstreaend. Thus, all the lateral parameters are the same for thessetiatxcept
the total head at the inlet.

(b) Effective span lengH) i.e., lengths considered for modeling purpose, are 50.8m for thernalet
span, 56.8m for spans #2 to 6, and 27m for the ehksidispan.

(c) The maximum irspan elevation differentials of the lateral are: 1.5m for the upstesanspan and
1.15m forspans #2 to 6. For span #7, the maximum elevation differentials are 0.65m during irrigation
and 0.74m when the lateral is idle.

(d) The linearmove system has a diameter of 162.3mm over spans #1 to 6, span #7 has a diameter of
136.4mm over the upper 13.8m semnt of the span and has a diameter of 101.6mm over the lower
13.2m long section of the span.

(e) The local head loss coefficients fardden contraction of lateral cressctional areare obtained
from Granger (1995) based on pipe diameter ratios.

(f) The inlet heads for datets 1, 2, and 3 are 19.2, 23.4, and 27.7m, respectively.
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Table9b. Emitterandprv data of the lineamove system used in model evaluation

: Dataset
Lateral parameters Units 1 ‘ 5 ‘ 3
Number ofprvs, emitter, and dropubes - 349
Emitter model - Super spray UP3
Emitter Nozzle size mmy(in) 4.763 (3/16)
data® Parameters of emitter b L/s/nd 0.0771
headdischarge function / - 0.4998
prv model - PSR2
prv hprv m 4.2
datd? prv parameters ahpr m 3.5
Pimax m 90

@ Emitters are produced by Senning&enninger, 2017bfyand/ are coefficient and exponent,
respectively, of themitterheaddischarge functioobtained by fitting a power function to thata
provided inthema nuf act ur e® gresare fom&emmigger(Senninger, 2011a) js
prv-set pressure heady, is the minimum required pressure head margin, betwegmtkielet
pressure anb, in order for theprvto operate reliably in the active mode; dmgkis the maximum
allowable pressure at tipev inlet for theprv to operateeliably in the active mode.

define those of spans #3 to 6 as well. The lateral elevation profile defiteuins of the
regression equations was used as model input.

The measured elevation profile showed that span #1 was inclined at an average slope of
-1.7% between its inleaind distalends. As a result, the point of maximurespan elevation was
upstream of the span mpbint and was locatedat a distance df5.7m from the lateral inlet. The
overall elevation increment from the lateral inlet (i.e., the location of the ups&nedpressure
gauge) to the highest point in the span was 0.3m. Howinedecrement in elevation over the
lower 35.1m long reach of span #1 was 1.5m, which is five times the increment in elevation that
occurred over the upstream section of the span. By contrast, the elevation profile of each of spans
#2 to 6 can be consid=t symmetrical about a vertical line through the spanpuidt. Thus, for
each of these spans the increment in elevation over the-bgibevas the same as the elevation
decrement over the lowdwalf and was equal to 1.15m. The elevation of the laterdgkdine at
the span joints (i.e., at points above the support towers) was 3.62m. Note that elevation of lateral
centerline was measured with respect to the field surface, which was slightly higher than the
wheel tracks of the support towers due to coetipa from previous passes of the machine.

Elevation profile measurements were made during atiro#, when the system watle
and parked at a fixed position. The elevation profiles of spans #1 to 6 were considered the
same during irrigation as well agen the system wadle, because each of these spans were
supported at both ends. By comparison, the elevation profile of span #7 differed slightly
depending on whether the machine weis or irrigating. The maximum elevation of span #7,
measured when ¢hsystem waslle, was 4.16m and it occurred at the distatl outlet of the
span. The corresponding maximuresipan elevation differential was 0.74m. However, during
an irrigation event the elevation profile of this span, which was supported onlyrdetitsnd,
underwent a vertical deflection under the weight of the irrigation water. As a result, the
maximum elevation of the span decreased to about 4.01m and the corresponding maximum in
span elevation differential was 0.65m. Furthermore, a close |ldbk atevation profile
(geometry) of span #7 showed that it was not symmetrical about a vertical line through its mid
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point. Span elevation decreased by 0.26m over the upper 13.8m long reach of the span and then
increased by 0.65m over the lower 13.2misacdf the span, which represents a more than 2.5

fold rise in elevation over the lower section of the span compared the total decrease in elevation
over the upper segment of the span. Differences in the general concavity structure of the spans
elevationprofiles and the presence or lack of symmetry, in the span elevation profiles, about the
mid-point of the spans can have appreciable effects on the spatial trends of the lateral pressure
head profilesA more detailed discussion on these effects is proMgeZerihun and Sanchez
(2019c).

6.1.4. Irrigation field evaluations and determination of model parameters

In the spring of 2018, three irrigation field evaluations were conducted on therhogar

system described above (datets 1, 2, and 3, Talsl®a andob). The goal of the irrigation field
evaluations was to collect lateral pressure head profile and inlet discharge data for model
verification purposes. Accordingly, a total of thittyo pressure gauges, five on each of spans

#1 to 6 and two onpan #7 were installed prior to the irrigation evaluations. Ten of the pressure
gauges had data loggers and hence recorded pressure automatically at a preset time interval.
Twenty-two of the pressure gauges were analog gauges. The gauges with data leggeits w
installed in spans #2 and 3 and the analog gauges were installed on spans #1, 4,5, 6 and 7. In
order to capture the effects of thespan elevation differential on the spscale pressure head
variations more accurately, the five gauges instatieshch of spans #1 to 6 were arranged as
follows: one of the gauges was installed close to the span inlet, another one close to the distal
end of the span, and a third one was placed near thpamitiof the span. The remaining two
gauges were installet distances of about owmgiarter and threquarters of the span length from
the span inlet. In span #7, the first gauge was placed close to thendlef the span and the
second gauge was p lpait,evderemrlevation wathngnimump.andés mi d

All system parameters, except for the total head at the lateral inlet, were kept constant
during each of the evaluations. Prior to the start of each irrigation evaluation event, pressure at
the dischargend of the pump was adjusted to-pietermined levis by varying the opening of
the valve. The corresponding total heads at the lateral inlet were 19.2, 23.4, and 27.7m for data
sets 1, 2, and 3, respectively (TaB#g. Note that these refer to the total heads at the location of
the upstrearend pressurgauge and were determined as a function of the measured lateral
pressure heads, lateral discharges, and lateral elevation at the wEstcteprassure gauge. Once
the pressure at the pump was adjusted to-@agemined level, the system was operatecfor
minimum of 5min before a field evaluation event began, to ensure that the flow through the
lateral reached a steadtate corresponding to the newly set inlet head.

Each field evaluation event lasted 20min. At each station with an analog gauge, pressure
readings were taken manually every 5min. This resulted in a total of six data points per station
per evaluation. The pressure gauges with data loggers, on the other hand, were preprogrammed
to record pressure every minute, resulting in a total of tweméydata points per station. For
each irrigation evaluation event, the station averages were treated as the local steady state
pressure head values. Furthermore, during a field evaluation event discharge at the lateral inlet
was measured every 5min with igithl flow meter built into the upstreasnd supportower.

The average lateral inlet discharge for an event was considered as the corresponding steady
inflow rate into the lateral.
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The field measured lateral pressure profiles and inlet discharges seerénumodel
evaluation. Dataet 1 was used in parameter estimation andskta2 and 3 were used in
model verification. Lateral parameters estimated based orsefafawere lateral pipe absolute
roughness and local head loss coefficients. Totheobést aut hor sdé knowl edge t
modeling capability, that solves the inverse problem of lineawe lateral hydraulics, that can
be readily used here to estimate the model parameters. Thus, a simple trial and error approach
was used to obtain a paramedet that resulted in a reasonable match between the simulated and
measured lateral pressure head profiles. Given a set of parameter estimates, visual comparison of
the simulated and measured pressure head profiles was used to qualitatively assessdhe good
of fit between the profiles. The parameter (i.e., @ipsolutaoughness and local head loss
coefficients) estimates obtained as such are summarized in9eal#lesimple error metric
termed, here, as percent absolute residuals or simply as alvesldtels was used to obtain a
guantitative measure of the differences between field measurements and model predictions. Note
that the absolute residuals of lateral pressure head profiles or inlet discharges were defined,
respectively, as the differencetiveen model predicted and measured values, expressed a
percentage of those obtained through measurement.

As can be noted from Tabl#. the absolute residuals between the simulated and measured
lateral pressure head profiles of da&d 1 (i.e., thelataset used in parameter estimation) vary
between a minimum of 0.1% and a maximum of 10.9% and the average is 5.1%. Furthermore,
the absolute residuals between the simulated and measured lateral inlet dischargesebfidata
8.8% (Tablel1). Now, results of model verification obtained, based on the parameter estimates
summarized in Tabl@a, are presented next.

Table10. Residuals between measured and computed lateral pressure head profiles

] ) Dataset
Absolute residuals Units
1 2 3
Minimum (%) 0.1 0.2 0.1
Average (%) 5.1 3.7 3
Maximum (%) 10.9 14.3 16

Note: Absolute residuals are calculated as the absolute difference between computed and
measured pressure heads expressed as percentage of the measured pressure heads

Table 1I. Measured and computed lateral inlet discharges and residuals

Lateral inlet dischargf./s) Absolute residuals
Dataset o
Measured Simulated (%)
1 50.7 55.2 8.8
2 51.4 55.2 7.5
3 535 55.2 33

Note: Absolute residuals are calculated as the absolute difference between computed and
measured lateral inlet discharges expressed as a percentage of the measured discharges
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6.1.5. Results of model verification

6.1.5.a. Comparison of measured and simulated lateral pressure head profiles

Figures 40a and 40b depict thienulated lateral pressure head profiles datasets2
and3, superimposed on the corresponding measured pressure head.profigare 40the
simulated and measured pressure head profiles are shown asldeshedcircles,
respectivelywhile theelevation profile of the later& shown in solidine.

Visual observations of Figurd€a and40b suggest that the simulated pressure head
profiles of datasets 2 and 3, for the most part, closely trackéispective measured profiles. To
provide a quantitative measure of the model prediction errors, the percent absolute residuals
between the simulated and measured pressure head profiles are summarized i Table 1
Accordingly, the absolute residuals betwé®ss simulated and measured lateral pressure head
profiles vary between 0.2 and 14.3% for ds¢h 2 and between 0.1 and 16% for éah3. The
average absolute residuals of the lateral pressure head profiles are 3.7% $et datad 3% for
dataset 3.The average absolute residuals obtained for boths#dsasuggest a reasonably good
agreement between the simulated and measured pressure head profiles. The maximum absolute
residuals may not be considered sufficiently small. However, a comparisonavktiage and
maximum absolute residuals, obtained for each-skettasuggests that the maximum absolute
residuals may not be good indicators of the overall error levels in the computed pressure head
profiles. In fact, it can be shown that if the pair ofasigred pressure heads corresponding to the
maximum absolute residuals are excluded from the respective pressure head profiles, the
maximum residuals would be reduced from 14.3 to 8.8% forgkita and from 16 to 8.5% for
dataset 3.

6.1.5.b. Linear-move lateral pressure head profile, local-span patterns and intespan trends

As can be noted from Figures 40a and 4@ih bhe simulated and measured pressure
head profiles of the lineanowe lateralshowdistinct spatial variability attribuge consisting of
local sparscale variability patternolid-line) and broader intespan/lateraivide trends (dash
dotted ling. The implication is that a complete characterization of the pressure head profiles of
the lateral requires that both spatiatiahility attributes be assesséte local inspan pressure
variability patterns are importarigcausehey reflect theactualspatial properties of lateral
pressureand alsceventually determine the corresponding irgpan lateral pressure variability
trends.On the other hand, thegnificance of thénter-span trena¢urvestems fronthe fact that
it encapsulatethe broader spatial behavior of the lateral pressure head profile, considered over
multiple spansin the form of a curve with a clearly desaible and relatively simple monotonic
property. However, it ought to be noted that the curve representing thepatetrends was not
computed, instead it was obtained by simply connecting the amldtdistalends of each span
manually(Section 4.5.D).

As can be noted from Figurd®aand40b, the irspan lateral pressure variability
patternsdhavea convex form, over each of spans #1 to 6, and a concave form in sgainety
that the system parameter set is almost constant across the latera 9Badhel 9b), it can be
readily reasoned that the basic forms of the locapian lateral pressure variability patterns
observed in Figure 4€an be attributed to span geometry effects. However, results of an earlier
study by Zerihun and Sanchez (2019®s that field slope and lateral diameter can dampen
amplify, and/or skewhe basic span geometry effects on lateral pressure profile. Additional
discussion on lateral pressure variability patterns is provided in Section 6.2.1.c.
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6.1.5.c. Comparison of measured and simulated lateral inlet discharges

As can be noted formable 11, the measured lateral inlet discharges are 51.4L/s for data
set 2 and 53.5L/s for datet 3. By comparison, for both datats 2 and 3 the simulated inlet
discharge is 55.2L/s. The corresponding absolute residuals between the measured and simulated
inlet discharges aré&.5and 33% for datasets 2 and 3, respectively, which suggests a
satisfactory agreement between measurements and model predictions.

6.2.5.d. Lateralwide operating scenarios of the prvs

The measured lateral inlet dischargesdatasets 1, 2, and 3 vary between 50.7 and
53.5L/s(Table 11)By contrast, the simulated lateral inlet discharge for all the sittais
55.2L/s. To gain some insight on the possible sources of the differences between the measured
and computed lateratliet discharges, the simulated latesadle operating scenarios of thevs
corresponding to all the three datets used in model evaluation are examined here.

The profiles of the minimum required inlet pressure heads fqurtlsdo operate reliably
in the active moddmin, the simulategbrv-inlet pressure heads,, and emitter discharge®s, for
datasets 1, 2, and 3 are depicted in FigiteNote thahmin is defined as the sum of thev-set
pressurehpr, and the minimum required margin betwéeandh,r, for theprv to operate
reliably in the active modehpn. The values olfipry and éhpry for theprvsused in the lateral are
given in Table9b and théh, andQs profiles are outputs of hydraulic simutats. Note thabhmin
is the same for the three datets, because the same anddhyrvare used in each dasat.

As can be noted from Figu#d, for each of the datsets the simulatelal, exceed$imin
over the entire lateral length. Furthermore, a close look at the simbigieafiles of datesets 1
to 3 show that the maximuha is 26.8m (dataset 3), which is well below the 90m threshold
given in Tableb as the maximum allowable inlet pressure Heatheprv to operate reliably in
the active modéhmax This indicates that for each of the da&is hmin< hy < hmaxover the entire
lateral length. The implication is that, for each eseg all theprvsin the lateral were operating
in the active mmde and hence thgrv-outlet pressure head was constant along the lateral and was
equal to theprv-set pressuravhich was 4.2m. The corresponding constant emitter discharge
along the lateral was 0.158L/s (Figur®. This shows that the lateral inlet disege of 55.2L/s,
computed for each of the dadats, corresponds to a hydraulic scenario in which aprvsn
the lateral were operating in the active mode. On the other hand, the slightly lower measured
lateral inlet discharges, relative to the desgje required for all thervsin the lateral to be
considered active, suggest that during the field evaluations somepof/#he the lateral may
have actually been operating in the passive mode. However, it ought to be noted that the
differences between the measured and simulated lateral inlet discharges could at least partly be
attributed to measurement errors, errors relaeatturacy of pressure regulation, and possibly
to some malfunctioningrvsand/or emittersNaturally, modeling errors, including numerical
approximation and mathematical representation of the physical process, may have contributed to
a degree.
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Figure41l. Comparison ohmin, hy, andQs profiles of the dataets used in model evaluation
(Notations:hmin is the minimum required inlet pressure head fompitveo operate
reliably in the active modéy, is the simulategbrv-inlet pressure head, ad is
the computed emitter discharge)

6.2. Application examples

LincSysproduces a range of outputs, given the hydraulic, geometric, and elevation data of a
linearmove or centepivot sprinkler irrigation system as input. The specific input data items
include lateral pipe segment lengtrsd diameterdateral elevation prde, droptube andorv
parameters (where applicable), emitter parameters, local head loss coefficients, and total head at
the lateral inlet, among others. The main outputs of the numerical model are the link djscharge
Q, and total head, vectors Additional model outputs include velocity heads and friction head
losses in each of the lateral pipe segments, local head losses, hydraulic head profile along the
lateral, lateral pressure head profile, inlet pressures ofpgaemndprv operating modes (active
and/or passive, where applicable), and head differential across each emitter.

As noted in Section 5.1.1.a, 15 sample projects were copied to each of the system
configuration option folders during program installation. A summary of the inpusdegdor
the 15 sample projegtef each system configuration opti@me shown in Tablek2to 15. The
basiclateral hydraulic, geometric, and elevation profile datasdmple projedt mostlythe
same for the three system configuration options. In otloeds, agivensample projegtsay for
instanceSampleProject_,has more or less the same set of basic input pararaetess the
different system configuration optiortdowever there aresome differences. The differences
relate to:(i) the emitters u=d in the Droptub®rv-Emitteror DroptubeEmittersystem
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Tablel2a. Lateral hydraulic, geometric, and elevation data used in hydraulic simulations

Lateral parameters Units Data-set
P 1 2 3 4
Number of spans - 8 8 6 8
Span Concave - 8 7 6 7
geometry Convex - - 1 0 1
Effective span length m 27.8 36.6/20.1%) 61.3 51.2/46.6/26.9)
Horizontal m 221.8 275.6 367.5 380.4
Lateral Al :
length A Rt m 2225 276.4 367.9 381.022
Support tower height m 2.8 3.1 3.8 3.3
Maximum inspan elevation
. ) m 1.0 1.2/0.45 1.2 1.3/0.83
differentials
Lateral diameter mm | 212.6/101.6" |203.2, 101.6/88§ 162.1 101.6/88 .6
Absolute Lateral pipe mm 0.0025 0.0015 0.003 0.0025
roughness | py o 1yhe(® mm 0.0015 0.0015 0.001 0.0015
Drop-tube length rand@ m 2.333 2.63.8 3.054.25 2.33.85
Nodal spacing m 0.84 0.51.35 1.25 0.51.9
Constant above ground
. éf? m 0.5 0.5 0.75 0.75
clearance of emitt
Drop-tube diametép mm 19.05
Field surface slope % 0 -0.01 0 -1.2/1.5/-1.09
branching, - 0.12 0.12 0.2 0.12
outlet
bending,
q) - 0.027 0.027 0.1 0.027
connecto
Local head ine-
oss ne-flow, - 0.042 0.042 0.08 0.05
coefficients ol prv(h) _ 1/0 1/0 1/0 1/0
related i)
Valve - - - -
Coupler - - - -
Contractiorq) - 0.34/0.07 - 0.07
Total head at the inlet m 20 22 20 25
Elev. at the inlet m 2.8 5.86 3.8 3.86

(@) The effective span length, of degat 2, is 20.1m for theistatend span and 36.5m for all the other spans.

(b) The effective span length, for dedat 4, is 26.9m for the distahd span, 46.5m for the upstreamd span and 51.2m for all
the intermediate spans

(c) The maximum irspan elevation differential in das®t2 is 0.45m for the distadnd span and 1.2m for all the other spans.
The maximum irspan elevation differential in dast 4 is 0.83m for the distehd span and 1.3m for all the other spans.
Note: the maximum irspan elevation differential refers to thlevation differential when the span is on a level surface.

(d) Lateral diameter of datsets 1 is 212.6mm for the DroptuPev-Emitter and Droptub&mitter system configuration
options and 101.6mm for Emitt€@n-Lateral system configuration option.

(e) Lateral dameter of dataset 2 is 203.2mm over spans 1 to 7, it is then reduced to 101.6mm over théalppéspan #8,
which is reduced further to 88.9mm over the loWwalf of span #8. Lateral diameter of datt 4 is 101.6mm over spans #1
to 7, it is then rduced to 88.9mm over span #8.

(f) These parameters pertain to DroptieEmitter and Droptub&mitter system configuration options only.

(g) The average fieldlope in datsset 4 is also variable. The upstreand span is set on a slope b2%. Spans #2, 3, and 4

operate on a field with 1.5% slope, and spans #5, 6, 7, and 8 run on a field paretVasibpe.
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(h) This parameter pertains to [robePrv-Emitter system configuration option only and has to be set to O for the other
systems

(i) The local head loss coefficient for span joints is specified as Keq on the 24th column of the input data table.

(i) The local head loss coefficients for sudden @mstion are obtained from Granger (1995) based on area ratios.

Tablel2b. Emitter angrv data used in hydraulic simulatiori3rbptubePrvEmitter and Droptube
Emittersystem configuration options)

_ Data-sets
Lateral parameters Units
1 2 3 4

Number of o!roptub«prv—emltter or i 057 205 289 378
droptubeemitter assemblies

Mode(®) - Super spray UP3

Nozzle size (in) (11/3 (9/32 (11/686 (3/32
Emitter paramete@

b L/s/md 0.259 0.1742 0.0646 0.0191

/ - 0.4999 0.5 0.5004 0.4993

Model@ - PSR2

hprv m 17 14 10 5.6
prv paramete(F)

dhpry m 35 35 35 35

hmax m 98 85 74 63

@) b and/ are coefficient and exponent, respectively, of the emitter-Hatharge function and are derived through
regression from the dat a p(br) Emittersl aeedproduced Iy Sennoirfger (Senmingery2618b).c at al o

(C)hprv is prv-set pressur head:ghpw is the minimum required pressure head margin, betweeritialet pressure and
hprv, in order for theprv to operate reliably in the active mode; dmgxis the maximum allowable pressure at pineinlet
for theprv to operate in the aett mode. Note thairv parameters pertain only to systems vidttoptubePrv-Emitter

configuration. And? prvsare produced by Senninger (Senninger, 2017a).

Tablel2c. Emitter data used in hydraulic simulatioEsnftter-On-Lateralsystem configuration option)

Data-sets
Lateral parameters Units
1 2 3 4

Number ofemitters - 33 38 59 82

Modef® - 30WH 30WH 30FWH 14VH
Emitter Nozzle size | mm (in) | (3/161/ 8| (3/1661/ 8) (1/ 8713/ (57 64)
parameter&) b L/s/ml 0.1138 0.1138 0.0502 0.0132

/ - 0.4923 0.4923 0.5182 0.502
Reference emitter spaci% m 6.59 6.59 5.67 4.93

@  p and/ are coefficient and exponent, respectively, of the emitter-Hesatharge function and are derived through
regression fromthedapar ovi ded i n man u® Emitters aregprodused loy &Rairdild ¢Rainbad, 2020).

© The reference emitter spacing is the reference horizontal spacing used to place emitters along the lateral. Actual spacings
could be off by a margin of up to 1.5m.
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Table Ba. Lateral hydraulic, geometric, and elevation data used in hydraulic simulations

. Data-set
Lateral parameters Units
P 5 6 7 8
Number of spans - 7 7 8 8
Span aeometr Concave - 7 6 7 7
pang 1Convex - - 1 1 1
Effective span lengff m 45.8 56.8/50.8/27.69 49.5/25.5°) 62.8/28.4%)
Lateral Horizontal m 319.9 361.7 3714 467.5
length Along centerline m 320.5 362.0 372.1 468.3
Support tower height m 3.2 3.62 3.6 3.7
Maximum in-span elevation
. . §C) m 1.2 1.5/1.15/0.65 1.35/0.61 1.45/1.03
differential
. 162.1/101.8)
Lateral diameter mm | 197.1/88.8" | 162.3/136.4/1018) | 134.9/101.8) )
101.6/63.59
Absolute Lateral pipe mm 0.0015 0.0015 0.05 0.004
roughness | prop-tubd™ mm 0.0015 0.0015 0.0015 0.001
Drop-tube length rand® m 2.63.8 2.594.0 2.84.2 2.714.4
Nodalspacing m 0.51.6 0.581.65 0.581.8 0.51.9
Constant above ground clearang
ittefh) m 0.6 0.76 0.75 0.75
of emitte
Drop-tube diametdP) mm 19.05
Field surface slope - |-1.8/0t0.8" -1.7/0.8) 1.0 1.5t2.0/1.5/89
branching, outlet 0.12 0.03 0.4 0.2
bending,
ﬁh) 0.027 0.02 0.1 0.06
connecto
Local head |-
loss line-flow, outlet 0.042 0.008 0.125 0.1
coefficients | pr") 1/0 1/0 1/0 1/0
and related [0 ioinf™ 0.3 0.04 0.35 0.35
parameter@ Valve _ _ _ B}
Coupler - - - -
Contractiot”) - - 0.1/0.195 0.195 0.26
Total head at the inlet m 23.0 27.7 30 29
Elev. at the inlet m 4.71 4.84 3.6 6.52

@) The effective span length of dadat 6 is variable. The cantilever type distatl span has an effective length of 27m, the
upstrearrend span is 50.8m long, and all spans in between are 56.8m long.

(b) Datasets 7 and 8 also have cantilever type distal pans that are 25.3 and 28.4m in long, respectively. The seven
upstream spans of dagat 7 are 49.5m long each and those of-det8 are each 62.8m long.

(c) The maximum irspan elevation differential for dasets 6, 7, and 8 vary. For datet 6, itis 1.5m for the upstreamnd
span, 1.15m for spans #2 to 6 each, and 0.65m for span #7. Feetldtdhe maximum ispan elevation differential is
0.61 for the distaénd span and 1.35 for each of the other spans. Fose the maximum ispan elevation differential
is 1.03mfor span #8 and 1.45m for all the other spadete: the maximum irspan elevation differential refers to the
elevation differential when the span is on a level surface.

@ For dataset 5, the lateral diameter of the DroptiRre-Emitter and Droptub&mitter system configuration options is
197.1mm. However, for Emittédn-Lateral system configuration option, lateral dimeter is 88.9mm.

©) The lateral diameter for datets 6 vary. It is 162.3mm over spans 1 to 6, it is then reduced to 136.4mm over tHealfpper
of the distalend span, which is further reduced to 101.6mm over the ibaléof the span.

® For dataset 7, the lateral diameter over spans #1 to 7 is 134.9mm. It is then reduced to 101.6mm in span #&&t@& data
of the Droptube&Prv-Emitter and Drofube Emitter system configuration options, the diameter of all the spans except the
distatend is 162.1mm and the disttd span has a diameter of 101.6mm.

©  For dataset 8 of the EmitteOn-Lateral system configuration option, the diameter of all thesspacept span #8 is
101.6mm and the diameter of the distall span is 63.5mm.
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™) These parameters pertain to Droptébe-Emitter and Droptub&mitter system configuration options only.

@ The average fieldlope in dateset 5 is variable. The upstreand sparis set on a slope 61.8%. Spans #2, 3, and 4
operate on a level section of the field and spans #5, 6, and 7 run on a segmdhb¥itslope.

0 The fieldslope in datsset 6 is variable. The upstreand span is set on a slope-df7% and spans #2 toare installedon
a level field.

® The fieldslope of dataset 8 is also variable. The upstreand span runs on a parcel of the field that has a slope of 1.5%,
spans #2, 3, and 4 arsstalledon a section where the slope2s0%, span 5 and 6 have an age slope of 1.5%, and spans
#7 and 8 are set on a level section of the field.

0 This parameter pertains to DroptuBe-Emitter system configuration option only and has to be set to 0 for the other
systems.

The local head loss coefficient for span joistspecified as Keq on the 24th column of the input data table.
The local head loss coefficients for sudden contraction are obtained from Granger (1995) based on area ratios.

(m)
(")

Table Bb. Emitter angrv data used in hydraulic simulatiord3roptubePrv-Emitter and
DroptubeEmitter system configuration options)

. Data-sets
Lateral parameters Units 5 6 7 8
l;lrl:]mléfgsosfecirr]%ﬁ)itgsb@rv-emltter or droptube ) 330 349 354 461
Modeﬁb) - Super Spray UP3
Emitterheaddischarge Nozzle size mm (in) (7/3] (3/1 (5/3] (9/6¢6.
function® b Lisind 0105 | 00771 | 00534 | 0.0429
/ - 0.5004 0.4998 0.4999 0.5018
Modef? PSR2
© horv m 12 4.2 8.5 7.0
prv parameter hore m 35 35 35 35
himax m 81 70.3 70 67

(@) b and/ are coefficient and exponent, respectively, of the emitter-Heatharge function and are derived through
regression from the dat a p(hr) Emittersl aeedproduced by Sennirfger (Senningery2015b).c at al o

© ho is prv-set pressure headhpw is the minimum required pressure head margin, betwegorihinlet pressure and
hprv, in order for theprv to operate reliably in the active mode; dmgxis the maximum allowable pressure at pineinlet
for theprv to operag in the active mode. Note thatv parameters pertain only to systems vidttoptubePrv-Emitter

configuration. Ano(d) prvsare produced by Senninger (Senninger, 2017a).

Table Bc. Emitter data used in hydraulic simulations (Emi@erLateral system configuration

option)
Data-sets
Lateral parameters Units
P 5 6 7 8

Number of emitters - 51 60 60 89

Mode(®) 30WH 30WH 30FWH 30H
Emitter Nozzle size mm (in) (51323 / 32| (/323 / 32 a3/ 32) (9/64
parameteréa) b L/s/m 0.0721 0.0721 0.0502 0.0434

/ - 0.5016 0.5016 0.5182 0.4978
Reference emitter spacilﬁa m 6.29 6.29 5.67 5.18

@ p and/ are coefficient and exponent, respectively, of the emitter-disatharge function and are derived through regression

from the

emitter spaing is the reference horizontal spacing used to place emitters along the lateral. Actual spacings could be off by a

dat a

margin of up to about 1.5m.

provi de QD) Emittersrai@ prodficacchy Rainlgird (@ainbiml,aZOﬁ)The igfarence
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Table Ma. Lateral hydraulic, geometric, and elevation data used in hydraulic simulations

. Data-set
Lateral parameters Units 5 10 11 5
Number of spans - 7 9 10 7
Span Concave - 6 8 10 7
geometry Convex - 1 1 0 0
Effective span length m 61.4/32.5) 64.8/30.8%) 60.1 50.3
Lateral Horizontal m 400 541.7 600 351.4
length Along centetline m 400.7 548.7 601.0 352.2
Support tower height m 3.8 3.8 4 35
Maximutn ir+span elevation m | 1510° 1.6/0.81% 15 1.4
Lateral diamete® mm | 162.1/101.6| 162.1/101.6, 88.9/50.8 |  203.2 1458
Absolute | Lateral pipe mm 0.01 0.005 0.0015 0.045
roughness Droptube(f) mm 0.0015 0.0015 0.0015 0.0015
Drop-tube length rand8 m 2.91-4.7 2.664.65 3.254.75 2.754.15
Nodal spacing m 1.25 0.581.95 1.0 0.571.75
Constant above ground
clearance of emitt? m 0.6 0.75 0.75 0.75
Drop-tube diametéP mm 19.05
Field surface slope % -15 -2.0/1.041.5/3.69 0.5 0-1.5 /1.25/2.5/¢"
branching, outlet - 0.2 0.15 0.12 0.12
Ec?:r?éré?d}) - 0.08 0.05 0.027 0.027
Local head | Line-flow, outlet - 0.1 0.06 0.042 0.042
loss o) ] 1/0 1/0 1/0 1/0
coefficients
and related Span jointg) _ 0.3 0.35 0.11 0.11
parameters - - - - - -
Coupler - - - - -
Contractio® ] 0.26 0.26/0.28 - -
Total head at the inlét m 20 60/50 45 25
Elev. at the inlet m 9.8 7.03 7 5.0

@ The effective span length of data dat 9 is variable. The distehd span has an effective length of 32.5m and all the other

spans are 61.4m long each.

(b) Dataset 10 has a 30.3m long dis&ald span and each of the other spans are 64.7m long.

© The maximum irspan elevation differential for dasets 9 vary. It is 1.0m for the distahd span and 1.5m for each of the
other spandNote: the maximum irspan etvation differential refers to the elevation differential when the span is on a level

surface.

@ The maximum irspan elevation differential of the disthd span of datset 10 is 0.81m. The rest of the spans have a
maximum inspan elevation differential df.6m.

©) The lateral diameter for datets 9 and 10 vary. For both datts 9 and 10 of the DroptuPev-Emitter and Droptube
Emitter system configuration options, the pipe diameter in all, but the-diztial span was set to 162.1mm and in the distal
end span it was set to 101.6mm. For &89 of the EmitteOn-Lateral configuration option, lateral dimeter was the same
as those of the Droptulierv-Emitter and Droptub&mitter system configuration options. However, for et10 of the
system withEmitte-On-Lateral configuration option, lateral diameter was set to 88.9mm over spans #1 to 8 and to 50.8mm

in span #9.

' These parameters pertain to Droptébe-Emitter and Droptub&mitter system configuration options only.
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© The average fieldlope in dataset 10 is variable. Spans #1 and 2 are set on a slep®®§ and spans #3 and 4 run on a

field parcel with a slope of 1.0%. Spans #5 and 6Gratalledon a section of the field with a slope-Gf5% and spans #7, 8,
and9 are set on a slope of 3.0%

The field-slope of dateset 12 is also variable. The upstreand span runs on a parcel of the field that is level. and spans #2
and 3 operate on a section with a slopeldi%. Spans #4 and 5 are set on a segment with adflapzb%. Span #6 has an
average slope 62.5% and span #7 runs on a level section of the field.

This parameter pertains to DroptuBe~-Emitter system configuration option only and it has to be set to O for the other
systems.

0 The local head loss coifent for span joints is specified as Keq on the 24th column of the input data table.

® The local head loss coefficients for sudden contraction are obtained from Granger (1995) based on area ratiesetFor data
10, itis 0.26 for systems with Droptulfev-Emitter and Droptub&mitter configuration options and 0.28 for Emitten-
Lateral system configuration option.

0 The total head at the lateral inlet was 60m for the DropRiwEmitter system configuration option and it was set to 50m
for the DroptubeEmitter and EmittefOn-Lateral system configuration options.

(h)

Table #b. Emitter and prv data used in hydraulic simulatiddoptubePrv-Emitter and
DroptubeEmitter system configuration options)

Lateral parameters Units Data-sets
9 10 11 12

Number of prvs, emitters, and drtybes - 314 449 5901 309

Model(b) - Super Spray UP3
. @ Nozzle size mm(@n)| (9/64 (7/32)6/| (3/1((11/¢

Emitter paramete b Usim | 00429 | 0.108”0.07749 | 0.0771 | 0.0646
/ - 0.5018 | 0.5004%0.4904%) | 0.4998 | 0.5004
Model @ PSR2

prv parametergc) Porv m 5.6 6 12 10
chorv m 35 35 35 35
Nimax m 63 81 78 74

@) b and/ are coefficient and exponent, respectively, of the emitter-tisatharge function and are derived through regression

from the data provide &b) Emittersrai@ prodficacchy Senninged (Senringer, aa&%@ i8 prv-
set pressure headr is the minimum required pressure head margin, betweeamrthalet pressure anir, in order for
theprv to operate reliably in the active mode; argdxlis the maximum allowable pressure at the prv inlet for the prv to

operate in the active mode. AH@ prvs are produced by Senninger (Senninger (2017a). Note that prv parameters pertain
only to systems with DroptubRerv-Emitter configuration.

Table Hc. Emitter data used in hydraulic simulations (Emi@erLateral system configuration

option)
. Data-sets

Lateral parameters Units 9 10 11 2
Number of emitters - 80 85 100 59

Mode(® 30H 30WH 30WH 30FWH
Emitter Nozzle size (in) (9/ 64| (31663 / 32 (5/323/ 32 (1/88g1/ 3
paramete’® | p Us/rd 0.0434 0.0961 0.0721 0.0502

/ - 0.4978 0.4993 0.5016 0.5182
Reference emitter spacifg m 5.18 6.29 6.29 5.67

@p and/ are coefficient and exponent, respectively, of the emitter-deatharge function and are derived through regression

from the data provide QD) Emittersrai@ prodficacchy Rainlgird (@ainbiml,aZOﬁ)The igfarence
emitter spaing is the reference horizontal spacing used to place emitters along the lateral. Actual spacings could be off by a
margin of up to about 1.5m.
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Table Ba. Lateral hydraulic, geometric, and elevation data used in hydraulic simulations

Lat | i Unit Data-set
I ram r ni
ateral parameters S 13 14 15
Number of spans - 11 12 6
Span Concave - 10 1 6
geometry Convex - 1 1 0
Effective span Ieng{ﬁ) m 64.8/23.7 64.8/23.7 61.3
Lateral Horizontal m 670.5 735.2 367.5
length Along centetline m 671.8 736.6 367.9
Support tower height m 3.8 3.8 3.8
Maximum inspan elevation 16/14 16/1.4 12
differentials® m T o ’
) )
Lateral diameter mm 162.1 162.1 127/76'2/50"%:) ’ 162'1/88'9/63@ !
88.9/50.8/38.F
Absolute | Lateral pipe mm 0.01 0.002 0.003
roughness Droptube(f) mm 0.0015 0.0015 0.001
Drop-tube length rand8 m 2.47-4.65 2.634.8 3.054.25
Spacing m 0.641.95 0.641.95 1.25
Constant above ground
. éf? m 0.75 0.6 0.75
clearance of emitt
Drop-tube diametdP mm 19.05
Field surface slop®) % -2.0/1.0.5 | -2.0/1.0/L5 0
Branching, outlet - 0.12 0.12 0.2
Bending,
M - 0.04 0.3 0.1
connecto
Local head | |ine flow - 0.06 0.1 0.08
loss
coefficient pr(h) _ - 1/0 1o 1/0
and related | span join{ - 0.5 0.5 0.3
parameters
Valve - - - -
Coupler - - - -
Contraction - - - 0.29/0.248), 0.32/0.289, 0.34/0.195"
Total head at the inlet m 45 50 35M)y15M
Elev. at the inlet m 11.27 11.27 3.8

@) The effective span lengths of data dat¢ds 13 and 14 are variable. In each case, cantilever typeatidtapan has an
effective length of 23.7m and all the other spans are 64.8m long each.

®) The maximum irspan elevation differential is the same foragsgts 13 and 14. It is 1.4m for the distald span and 1.6m
for each of the other sparidote: the maximum irspan elevation differential refers to the elevation differential when the
span is on a level surface.

© | ateral diameter for thBroptubePrv-Emitter system configuration option of deget 15 vary along the lateral. The pipe
diameter over spans #1 to 4 is 127.0mm, it is then reduced to 76.2mm over span #5, which is further reduced to 50.8mm in
span #6.

@ | ateral diameter for the Drtytbe Emitter system configuration options of datet 15 vary along the lateral. The pipe
diameter over spans #1 to 4 is 162.1mm, it is then reduced to 88.9mm over span #5, which is further reduced to 63.5mm in
span #6.

©) | ateral diameter for the Emitt@n-Lateral system configuration option of datat 15 also vary along the lateral. It is
88.9mm over spans #1 to 4, it is then reduced to 50.8mm over span #5, which is further reduced to 38.1mm over the span
#6.
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" These parameters pertain to Droptébe-Emitter and Droptubd&mitter system configuration options only.
© Field slope along the lateral consists of three segments for each-sktiat8 and 14.

(h) This parameter pertains to DroptuBe~-Emitter system configuration option only and it has to be sefdotbe other
systems.

@0 The local head loss coefficient for span joints is specified as Keq on the 24th column of the input data table.

0 The local head loss coefficients for sudden contraction are for the systeDroittubePrv-Emitter configuration. These
parameters were obtained from Granger (1995), based on area ratios.

&) The local head loss coefficients for sudden contraction are for the system with DsBpiiitex configuration.
O The local head loss coefficierfte sudden contraction are for the system with EmiiarLateral configuration.
(m) The total head for Droptuberv-Emitter and Droptub&mitter system configuration options

() The total head for the Emittén-Lateral system configuration option

Table Bb. Emiter and prv data used in hydraulic simulations (DropfebeEmitter and Droptube
Emitter system configuration options)

. Data-sets
Lateral parameters Units
P 13 14 15
Number of droptubgrv-emitteror
droptubeemitter assemblies i 555 608 349
Model(® - Super Spray UP3
Emit ) Nozzle size mm (in) (3/32) (3/32 (11/ 64
mitier paramete b L/s/n 0.0191 0.0191 0.0646
/ - 0.4993 0.4993 0.5004
Model® - PSR2
h m 8.5 8.5 10
. c) prv
prv model is PSF‘ . m 35 35 35
Nmax m 80 80 74

@) b and/ are coefficient and exponent, respectively, of the emitter-tsatiarge function and are derived through
regression from the data p(q)Ethérwbﬂaqbroduced by Semninfea (Seénninger, 2@L8b), c at al o g

(C)hprv is prv-set pressure headhpr is the minimum required pressure head margin, betweeprthénlet pressure anibr,
in order for theprv to operate reliably in the active mode; dmglxis the maximum allowable pressure at pireinlet for the

prv to operate in the active mode. Aw&)rvsare produced by Senninger (Senninger, 2017a). Notpthaarameters
pertain only to systems with DroptuBev-Emitter configuration.

Table Bc¢. Emitter data used in hydraulic simulations (Emi@erLateral system configuration

option)
Data-sets
Lateral parameters Units
13 14 15
Number of emitters - 125 137 59
Model®) - 14VH 14VH 30WH
_ @ Nozzle size in (5/64) (5/64 1e3/ 32)
Emitier paramete b L/s/m 0.0132 0.0132 0.0502
/ - 0.502 0.502 0.5182
Reference emitter spaci%; m 4.93 4.93 6.29

@p and/ are coefficient and exponent, respectively, of the emitter-deatharge function and are derived through regression

fromthe data provided in (b)rEmilttansfama produceceby Ranbird (@ainbird,ozgﬁ)‘éhe reference
emitter spacing is the reference horizontal spacing used to place emitters along the lateral. Actual spacings could be off by
margin ofup to about 1.5m.
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configuration optiorarelow pressure spray nozzles from Senninger (Senninger, 2017b), while
those used in the Emitt€&n-Lateral system configuration option drigh pressuréampact

sprinklers from RainbirdRainbird,2020). As a result lateral outlet port spacings usdkan

sample projects of the Emitt@n-Lateral system configuration option are significamfigater

than those used in the other system configuration options (TEagsc; Ba,b,c; ¥a,b,c; and
15a,b,c).(ii) Drop-tube data (i.e., drepube geometry and itsydraulic resistance parameter) and
the local head loss coefficient associated with bending at the gooseneck connector are specified
only for systems with Droptubrv-Emitter and Droptub&mitter systemconfiguration options.

(i) prv hydraulic data arepecified only for systems with DroptuBev-Emitter configuration

option And (iv) while the preceding list accounts for the main differences in input data of the
sample projectsas related to differences in system configuration options, there are also
additional differences in lateral diameter and total head in a couple of the sample projects. Note
that Tabledl2to 15 make extensive us# footnotes tchighlightthe differences in the input

datasets of the sample projects.

The following sections presit a description of the model inputitput data othree application
examplesgample projed), one application example correspondingdoh system configuration
optionof LincSys

6.2.1. DroptubeEmitter system configuration option

6.2.1.a. Input data SampleProject_®f the DroptubeEmitter system configuration option

Among the 15 sample projects in the DroptubeEmdystemconfiguration option
folder, SampleProject_9 is presented here as an example. A summary of the input data for
SampleProject_9 igrovided h Tables 4a and #b. In addition, the nontabular input data and a
part of the tabular input data thfe sample prog are depicted ifrigure42.

SampleProject_9 considers a lateral with 6 concave spacis about 635m long and a
distalend cantilever type span of 32rb (Table #a). The lateral length is 400.7m. The lateral is
installedin a field with a uniform slope 6fL..5%. The maximum kspan elevation differential is
1.5m for the concave spans and 1.0m in the egstdlconvex spaii, the lateralwas to be
installedon a levéfield. There are seven support towers each 3.8m in height. Using a horizontal
surface that passes through the point of minimum field elevation along the length of run of the
lateralas a reference datum, the elevation of the lateral inlet is set atTh8rtotal head at the
lateral inlet is 20.0m (Table4a and Figure 2).

Lateral diameter is 162.1mm over spans #1 to 6 and 101.6mm in theedidtghanThe
lateral has 314 outlet ports (TabKb) and water is conveyed from each outlet port downdo th
prv-emitter assemblies with dreépbes. Droptube lengths vary between 2.91 and 4.7m (Table
14a) and emitters are placed at a constant above ground clearance of 0.6m @igihe 4
emitter used in the SampleProject_9 is a spray nozzle (Super sprayddeB with a nozzle
sizeof3.52mm ( 9/ 64) 0 from Senni nge rhyd(a8ieparametarg er 201
aresummarized in Table4b.
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Systems-Projects | Input | Qutput | Charts |

System data, summary :
Total head at the lateral inlet (m) 20.0 Lateral diameter, typical (mm) 1621

Span length, typical (m) 61.3
Span altitude, typical (m) 1.50
Support tower height, typical (m) 380

Water temperature (oC) 25 Drop-tube length, average (m) 413

Lateral length (m) 400.7 Emitter above ground clearance (m) 0.60

Systemn tepology and components, summary

Number of spans 7 Number of pipes segments (-} 320

Number of Links () 640 Number of emitters () 314

Mumber of nodes (<) 641
Input data table - topological, geometric, slevation, and hydraulic data ;

Diam, Drptube  Rel Roughness,  Coeff Emitrg-h  Exp (b) emitr LHL Coeff, LHL Coeff, Prv indicatar LHL Coeff =

() Drptube (-} Eq (L/s(Lim® b)) g-h Eq. () Kbr () Kbend (-) param, Kpre (-] KIF (-)

az as) a4) a5y 16) an sy a9

s o 0 0 o o o 0 01

& 1905 7.87E-05 0.0479 0.5018 0.2 0.08 0 0

7 o 0 0 o o o 0 01

s 1905 7.87E-05 0.0479 0.5018 0.2 0.08 0 0

9 o 0 0 o o o 0 01

» 10 19.05 7.87E-05 0.0420 0z 0.08 0 0

1 o 0 0 o o o 0 01
12 1905 7.87E-05 0.0479 0.5018 0.2 0.08 0 0 -

v

Systems-Projects l I Simulation

Input Data | Droptube-Emitter | SampleProject 8 =======> Alt Highlight Access-Keys | Alt+Access-Key: Activate a Navigation Button

Figure £. The Input windowSampleProject_9 of the Droptulnitter system
configuration option

Note that, in Figure 42, the input boxes for pine hydraulic parameters are deactivated
and theprv indicator parameter column of the input data tabketdo zero, indicating that the
lateral considered in the current sample project is not fittedpmith

A section of the tabulanput dateof SampleProjec® is displayed in the input data table
(Figure 42). The input data table for the current samgagct consists of 24 columns and 640
rows. Note thatite complete input datsetfor the current sample projeistsaved in the
Al nput Dat a fild, andalsainthe exagbversioof the input data file,

Al nput Dat a . Bothaof these fileXverexptaced in theurrent sample projefblder
duringprogram installation.

6.2.1.b. Output data SampleProject_@f the DroptubeEmitter system configuration option

Theoutput data fothe current ampleproject which contains both nontabular and
tabular data, are displayed in Figure 43

A summary of the computed emitter discharge variability data shows that emitter
discharges along the lateral vary between a minimum of D/448d a maximum of 0.1569L/s
and the average is 0.1479L%n the other handhéemitterhead differentiaprofile varies
between a lower limit of IL0O2m andan upper limit 0fL3.25m and the mean value is 11.79m
(Figure 43)

The system hydraulic performance summary showdltleagmitter discharge uniformity
coefficient and the lovguarter distribution uniformity are 0.975 and 0.969, respectively, which
suggests a highly uniform emitter dischapgefile. With a uniformity coefficient of 0.951 and a
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Systems-Projects ]Inpm Output | Charts

Emitter discharge and head differential variability indicator parameters :

Emitter discharge, minimum (L/s) [ 0.1430 Emitter head differential, minimum (m) |
Emitter discharge, average (L/s) [ 0.1479 Emitter head differential, average (m) \‘ 11.79
Emitter discharge, maximum (L/3) [ 0.1569 | Emitter head differential, maximum (m) [ 13.25

Emitter discharge and head differential uniformity indicator parameters :
Uniformity coefficient, emitter discharge () [ 0975 | Uniformity coefficient, emitter head diff (-) | 0951

Low-quart distr unif, emitter discharge (-) [ 0.969 | Low-quart distr unif, emitter head diff (-) [ 0939

OQOuput data table :

Node Index, Node Index, Link Index (-) Nodal Dist, Nodal Dist, Nodal Elv, Nodal Elv, Discharge
UpStr (-) DnStr (-) ® UpStr (m) DnStr (m) UpStr (-) DnStr (m) Lat Seg (L/+
1) @ @) (5) ©) @ ®)
» 1 [ 2 1 [} 1.2559 9.8004 95019 46.44
2 2 3 2 1.2559 1.2559 9.9019 6.5812 0
3 2 B 3 1.2559 25113 9.9019 9.9983 46.28
4 Bl 5 4 25113 25113 9.9983 6.5625 o
s 4 6 5 25113 3.7663 99983 10.0897 4613
6 6 7 6 3.7663 3.7663 10.0897 6.5437 0
7 6 8 7 3.7663 5.0209 10.0897 10176 4597
Additional output :
[ | Error, inlet head estimate (5) [ 0.0082 i
[ ] Ervor, nke head etimate (m) [ ooms |
i Systems-Projects ‘ | Input ‘ | Charts
||| Output Data | Droptube-Emitter | S. 9 =======> Alt: Highlight Access-Keys | Alt+Access-Key: Activate a Navigation Button

Figure 8. The Output windowSampleProject_9 of the Droptulnitter system
configuration option

low-quarter distribution uniformity of 0.939, the emitter head differential profile as well shows
high uniformity.

Furthermorethe output data in the additional output groupbox show that the error in the
computed inlehead estimatis 0.0016m or 0.0082% of the imposed inlet head. Figure 43 also
shows that the output boxes for fhve operating modes are deactivated, indicating that the
lateral considered here is not fitted wttvs

A section of hetabular output data fahe current ampleprojectis displayed in the output data
table(Figure 48). The output datéableconsists of 20 columns and 640 rows. Note that the

complete set of computed hydraulic parameters (i.e., output datbg ¢aand in the

iOut put Data_LinLat. Outo file and tahadwhichddi ti on
were placed in the ctent project folder during program installation.

6.2.1.c. Output charts SampleProject_@f the DroptubeEmitter system configuration

option

Among the 11 charts generatedlbgcSysfor the current project, sample set of output
charts consisting ofi) the lateral elevation profile and the hydraulic and energy ¢nae&
(i) thelateral pressure profile, arfii) theemitter discharge profile will now be presented.

Chart depictingthe lateral elevatim profile andthe hydraulic and energy graddéines
As can be noted from Figurdthe energy gradine (i.e., the upper most curve)
steadily declines with distance along the lateral from a maximum value of 20.0m at the lateral
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inlet to 13.87m at thdistalend of the lateral. On the other hand, the hydraulic ginddthe
curve that is right under the energy grdide) varies between a minimum of 1384t the
distalend to 19.74m at the inlet. The total head and the hydraulic head at thentisdpbear to
be identical, which suggests that the computed velocity head in theatlidtidteral pipe
segment igera However, that is not correct. The computed total head and the hydraulic head at
the distalend of the lateral are different, but theotparameters appear identical only because
the significant digits of the values reported here are less than those used in the numerical
computation.

The lower most curve, in Figure 44, with a series of concave segments and-ardistal
convex section ide elevation profile of the lateral centerline, which is installed on a field with
an average slope ef.5%.

Note that the
current project foldefTable 7)

chart i s

used in this

dat a

Systems-Projects | Input | Output | Charts

-
Lateral Elevation Profile, Hydraulic Grade Line, and Energy Grade Line

— EGL
20—

Lat canter-line ehv, piezomatnic head, and total head (m)

T T T T T
o 96 192 288 384 480

Distance along the lateral (m)

Output Next Save

Qutput Charts | Drop pleProj =======>

Figure 4. Chart depicting theakeral elevation profiland thehydraulic and energy gradiaes:
SampleProject_9 of the Droptulnitter system configuration option

Lateral pressure head profile chart

The lateral pressure head profile 8ampleProject_9 of theroptubeEmitter sample
project is depicted in Figure 46onsistent with earlier observationse pressure profilef the
lateralconsideredereas wellexhibits bothlocal sparscale variabity patterngsolid-line) and
broader intesspan/lateraivide trend (shown in dastdotted line) A more detailed discussion on
in-spanpressure variability patterasd interspan trends and their relationship with span
geometry, field slope, ardteraldiameter is provided by Zerihun and Sanchez (2019u)s,
only a brief description appertaining to the pressure head profile patterns of the current sample
project will be presented here.

129

Fall



Systems-Projects |Irlput Output Charts

-~
Lateral Pressure Profile

Lateral prassure (m)

T T T T
o 96 192 288 384 480
Distance along the lateral (m)

Output Previous Mext Save

_______ Alt: Highlight

Figure4b5. Lateral pressure profilehart: SampleProject_9 of the Droptubnitter system
configuration optior(the solidline represents the actual pressure head profile
and the daskotted line depicts thiater-span variability trend)

As can be noted from Figure 46gin-span laterapressurerofile variability patters

exhibit some general attributes that are repealtmaythe lateral althoughwith some variation.

For thesix (upstreamfoncave spanshe corresponding local-span lateral pressure head

variability patterns follow a convex form, consisting of an upstream section over which pressure
decreases with distance from the lateral inlet to a local minimum somewhere within the span and
a downsteam section over which pressure increases with distance from the later@igues

45). By comparison, ovethedistalend span (i.e., a span with a convex elevation profile), the
in-span pressure variability pattern exhila@tsoncave form. Thus,@Hateral pressure profile

shows anincreasing trend over an upstream section of the span, followed by a decreasing trend
in thelower section of the span.

Furthermore, @loser look at Figure 45 reveals that over the upper 184.1m section of the
lateral,i.e., over spans #1 to 3, the ingran pressure variabilityends down as one moves
downstream from the lateral inlet. Thereafter, over spans #4i.@,®Yer a segment of the
lateral measuring 184.1m), the intgranpressure variability tends upvelsr with distance from
the lateral inletThe results of an earlier study by Zerihun and Sanchez (2019c) suggetits that
inter-span lateral pressure variability treploserved over the six upstream spans, in Figure 45, is
likely attributable to the fieldlope, which is1.5%.

Now, considering spans #6 and 7, the wsfgan pressure variability trend changed
slightly from one of increasingith distance along the later@h span #6) to that of decreasing
in span #7. Tts change in the intespan trend iselatedto changes inthe span concavity
structure and lateral diameter over span #anSjeometry changed from concave (over the six
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upstream spans) to convex form over the distal span and lateral diameter was reduced from
162.1mm (over the upstreaspans) to 101.6mm over the dis¢égdd spanAs can be noted from
Figure 45, hese changes, in span geometry and diameter, did havdatmeagh not
significan) effect on the overall intespan pressure variability trend.

Note that, in Figure 45, the curve shown in stilié (i.e., the actual lateral pressure

profile) was computed withincSys but the curve representing the inggan trend (dassotted
line) was added to the chart manually.

Emitter discharge profile chart

Figure46 depicts the emitter discharge profile. Note that the emitter discharge profile
exhibits a spatial trend that i®r the most paranalogous in form to the overall intgpan
pressurevariability trend described in the preceding paragraph. It decreased with distance from
the lateral inlet over the uppeB3.3m section of the lateral, it then rose with distance from the
inlet-end in the lower 25.4m long segment.

Systems-Projects |Input |0utput‘ Charts ‘

-

Emitter Discharge Profile

R R

Emitter discharge (GPM)

T T T T T
o 96 192 288 384 480
Distance along the lateral (m)

oupn_]| [Lpmioe ] [omee ] s

Output Charts | Droptube-Emitter | SampleProject 9 =======> Alt: Highlight Access-Keys | Alt+Access| Key: Activate a Navigation Button

Figure46. Emitter discharge profil&SampleProject_9 of the Droptulnitter system
configuration option

Remarkably, the emitter discharge profile depicted in Figure 46 is a nearly smooth and almost
convexfunction of distance from the later inlét. other words, the effects of spacale
elevation differentials are not evident in the emitter discharge profile. The explanation for this
observation relates to the position of emitters with respect to thmallegmterline and the spatial
invariance of emitters above ground clearance along the lateral.

In the lateral considered in current sample project, emitters are placed at a significantly
lower elevation relative to the lateral outlet ports. For instdocéhe current lateral, the average
droptube length is 4.1m, which translates into a hydrostatic pressure of about the same amount
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on the emitters, on the average. As a result, pressure at the inlet of the emitters are not only
different from the respeiok lateral outlet pressures, but they are also significiartyer

Furthermore, owing to the positioning of emitters at a uniform above ground clearance from the
field surface, the pressure differential between emitter inlets and the respectiveigtets

vary in a pattern that nearly event the inspan elevation differential effects on emitter pressure
headsConsequently, the spatale wiggly patterns that are prominent in the lateral pressure
profile, and are attributable to thespan lateail elevation differential effects, are barely

discernible on the corresponding emitter discharge profile (Figure 46).

6.2.2. Droptube Prv-Emitter system configuration option

6.2.2.a. Input data SampleProject_%f the DroptubePrv-Emitter system configuration

option

Among the 15 sample projects under the DroptubePrvEmitter system configuration
optionfolder, SampleProject_5 is presented here as an example (T8alasd Bb). The
nontabular input data and a part of the tabular input data of SampleProject_5 are depicted in
Figure47.

[ Lincsys ==
Systems-Projects | Input | Output | Charts |
System data, summary :
Total head at the lateral inlet (m) 23.0 Lateral diameter, typical (mm) 1971
Prv set-pressure (m) 12.0 Span length, typical (m) 45.8
Min. req. margin between prv's inlet- and set-pressures (m) 35 Span altitude, typical (m) 1.20
Prv inlet-pressure, maximurmn (m) 81.0 Support tower height, typical (m) 3.20
Water temperature (oC) 25.0 Drop-tube length, average (m] 342
Lateral length (m} 3205 Emitter above ground clearance (m) 0.60
System topelogy and compenents, summary
Mumber of spans 7 Mumber of pipes segments (-) 336
Mumber of Links (-} 672 Number of emitters (-} 330
Mumber of nodes (-) 673
Input data table - topelegical, geometric, elevation, and hydraulic data :
m, Drptube  Rel Roughness, ~ Coeff Emitrg-h  Exp (b) emitr LHL Coeff, LHL Coeff, Prv indicator LHL Coeff, =
(mm) Drptube (-] Eq (L/s(L/m~b)) q-h Eq. (- Kbr (-) Kbend (-) param, Kprv (-] KIF (-)
12) 13) (14 (@5) 16 Qarn (18) a9
1 0 0 0 0 0 o 0 0
2 19.05 J.BTE-05 0.105 0.5004 012 0.027 1 1]
3 0 0 0 0 0 0 0 0.042
[_— 19.05 7.87E-05 0.105 012 0.027 1 0
5 o o 4] 1] o o 4] 0042
6 19.05 7.87E-05 0.105 0.5004 012 0.027 1 0
7 0 0 0 0 0 o 0 0.042
8 19.05 J.B87E-05 0.105 0.5004 012 0.027 1 o -
»
Systems-Projects ] [ Simulation
Input Data | Droptube-Prv-Emitter | SampleProject 5 =======> Alt: Highlight Access- Keys | Alt+Access-Key: Activate a Navigation Button

Figure47. The Input window SampleProject_bf DroptubePrw-Emitter system
configuration option

The laterakonsidered in the current sample projea$ 7 concave spans each about
45.79m long along the centerline of the lateral. The lateral length is 320.5m. The lateral is
operated on a field with variable slope. The upstreachspan is set on a slope-b#8%, spans
#2, 3, and 4 operate on a level section of the field, and spans #5, 6, and 7 run on a segment with
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-0.5% slope. The maximum-gpan elevation differential, if the lateral were to run on a level
field is 1.2m. Tlere are eight support toweesaich 3.2m in height. Using a horizontal surface
(that passes through the point of minimum field elevation along the length of run of the lateral
as the reference datuthe elevation of the lateral inlet is set to 4.71m. fttal head at the

lateral inlet is 23.0m.

Lateral diameter is 197.1mnhhe lateral has 330 outlet ports adirdp-tubes are used to
conveywaterfrom the overheadutlet pors down to therespectivgrv-emitter assemblies.
Drop-tube lengths vary in themge 2.6 to 3.8m and the constant above ground clearance of the
emitter is 0.6m. The emitter used in the SamplePrdjasta spray nozzle (Super spray UP3
model) with a nozzle sizeof ®%6 mm ( 7/ 32) 6 from Senninger (Senn
hydraulicparameterare summarized ifable Bb.

The model of the@rv used in thdateral considered herge PSR2 (Senninger, 2017a). The
prv-set pressure, the maximum allowable inlet pressurénépryv to operate reliably in the
active mode, and the minimum required pressure head nisgueen therv-inlet pressure and
the prv-set pressure for thav to operate reliably in the active mode are summarized in Table
13b and also in Figuré?.

A sectionof thetabularinput dateof the currensampleprojectis displayed in the input data
table (Figure 47). The input data table consists of 24 columns and 672nm@estrast to the
input data tablef SampleProject_©of the DroptubeEmittersystem confjuration optioi
where the entire column for tipev indicator parameter is set to zefor the current sample
project the eveimumbered rows of therv indicator parameter column are set to 1 (Figure 47)
Thisindicakesthat the lateral considered in the current sample project is fittegbwvigh

Note that he complete input daiset forthe current sample projestsaved in the
| nput Dat a fild, andals@in arekcel wavsiorof the input data file,
| nptua Dlai n L.8dth.ofXHese §ilésvere placed in the SampleProject_5 foldearing
program installation.

n
A

6.2.2.b. Output data SampleProject_®f the DroptubePrv-Emitter system configuration
option
Figure 8 depicts the output data for SampleProject_5 of the Drogeu& mitter

system configuration optioifhe output data consists of both nontabular and tabular data blocks.
A summary of the emitter discharge variabilitgta,displayed in the output windqw

shows that emitter discharges along the lateral vary between a minimum ofl@s3#88a

maximum of 0.3654L/s and the average is 0.3464Dhvsthe other handhéemitterhead

differential profile ranges betweera lower limit 0f9.82m andan upper limitof 12.08m, with a

mean value of 10.88m.

A summary of the system hydraulic performance shows that with a uniformity
coefficient of 0.958 and a lowuarter distribution uniformity 0.954, the computed emitter
discharge profile along the lateral can be agred highly uniformTheuniformity coefficient
andlow-quarter distribution uniformity ahe emitter head differential profilre0.917 and
0.909 respectively, which also suggestisigh degree otiniformity.

Furthermore, the output data in the additional output groupbox show that 104 of the 330
prvsare operating in the active mode and the remainingpPZ&are operating in the passive
mode and the error in the computed ktlead estimates 0.0011m or 0.00P%6 of the imposed
inlet head.
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A section 6 the tabular output data f@ampleProject ,5f the DroptubePrv-Emitter system
configuration optionis displayed in the output data talffégure 48). The output datsable
consists of 20 columns and 672 rowst&lthat he complete set of computed lateral hydraulic
parametersi.e.,output dataissaved inthéi Out put Dat afilelandrthie additio@al t o
output files listed in Table 7, all of whiskere placed in theurrent ampleprojectfolder during
program installation.

o R ——
Systems-Projects | Input | Output | Charts |
Emitter discharge and head differential variability indicator parameters :
Emitter discharge, minimurm (/<) i Emitter head differential, minimum {mj) 9.82
Emitter discharge, average (L/s) 0.3464 Emitter head differential, average (m) 1088
Emitter discharge, maximum (L/s) 0.3654 Emitter head differential, maximum (m) 12.08
Emitter discharge and head differential uniformity indicator parameters :
Uniformity coefficient, emitter discharge (-) 0.958 Uniformity coefficient, emitter head diff () 0.017
Low-quart distr unif, emitter discharge (-) 0.054 Low-quart distr unif, emitter head diff (-) 0.900
Ouput data table :
Node Index, Node Index, T Modal Dist, Nodal Dist, Nodal Elv, Nodal Elv, Discharge =
UpStr () Dnstr (-) 5 UpStr (m) Dnstr (m) UpStr (-] Dnstr (m) Lat Seg (L/!
1) 2) 4) ()] (B} @ @)
o 2 1 0 0.6033 47086 4.7602 1143
2 2 3 2 0.6033 0.6033 47602 20073 0
3 2 4 3 0.6033 22114 47602 4.8895 113.94
a 4 B 4 22114 22114 48895 2.0685 0
5 4 6 B 22114 2.9648 1.8895 1.946 113.57
6 & 7 6 29648 2.9648 4.946 2.055 0
7 & f 7 29648 4.2701 4.946 5.0378 1132
L3
Additional output ;
Number of active Prvs (-] 104 Error, inlet head estimate (%) 0.0046
Number of passive Prvs (-} 226 Error, inlet head estimate (m) 0.0011
reremmnrerremn I m——e— R w——
Output Data | Droptube-Pry-Emitter | SampleProject 5 —======> Alt Highlight Access-Keys | AltsAccess-Key: Activate s Navigation Button

Figure 8. The Output windowSampleProject_bf DroptubePrw-Emitter system
configuration option

6.2.2.c. Output charts SampleProject_®f the DroptubePrv-Emitter system conduration
option
Three of the eleven output charts of SampleProjecbrisisting ofi) the laterapressure
head profile (i) the emitter head differentigdyv-inlet pressure, anprv-set pressure profiles,
and(iii) the emitter discharge profile are presented next.

Lateral pressure profile chart

The lateral pressure profile for tharrent sample projecs shown in Figure 49. The
lateral pressure profile of the current sample pr@satwell exhibits both kspan(shown in
solid-line) and interspan trends (depicted in dagbtted line). A closer look at Figure 49 shows
that the interspan pressure variability trends down, but at a decreasingvatespans #1 to 5
and then inchespwards over spans #6 and 7 as one moves downstream along theTlateral.
main explanatory factor for ttelight rise in thenter-span pressure variability trecdrve
observed over spans #6 and The field slope, which varies along the lateral betvweeragative
gradient (over the upstreaemd span and spans t¢67) and a level section (over spansté2).
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A more detailed discussion on the relationship between thespéer pressure variability trends
and field slope is provided by Zerihun and Sam(2019c).

e - —— |
Systems-Projects | Input | Output | Charts

e N

Lateral Pressure Profile

204

(m)

Lateral pressure

T T T T
0 7 154 231 308
Distance along the lateral (m)

owpn ] [rmme) [ove] s

Output Charts | Droptube-Prv-Emitter | SampleProject 5 =======> Alt: Highlight Access- Keys | Alt+Access- Key: Activate a Navigation Button

Figure M. Lateral pressure profilehart:SampleProject_5 of the Droptubev-Emitter
system configuration optiofthe solidline represents the actual pressure head
profile andthe daskdotted line depicts the intspan variability trend)

Chart depicting emitter head differential, prinlet pressure, and prget pressure profiles
Figure 50 depicts the profiles of ther-set pressure along with the computed emitter
head differential angdrv-inlet pressure for the current sample project. The upper most curve is
theprv-inlet pressure profile. The lower most curve is the emitter deggdential profile and
thehorizontal line in between is thpgv-set pressure profile, which is constant at 12.0m. The
inlet pressure at the upstreandprv is 20.42m, which is well above the minimum required for
theprv to operate reliably in thactive mode, i.e., 15.5m (note that the minimum requarse
inlet pressure is the sum of the/-set pressure and the minimum requineargin between the
prv-inlet andprv-set pressures fane prv to operate reliably in the active mode, which is 3.5m).
As can be noted from Figure 5@gtprv-inlet pressurgenerally trends dowwith
distance from thé&ateral inlet. It falls undethe 15.5m mark at a distance of 101.5m from the
inlet and thereaftdt continues to declineat a decreasing pa@er thenext 1Z7.9m segment of
the lateral. Then, therv-inlet pressure inasslightly upwards over the lowerl0m section
(i.e.,overspans #6 and 7) of the lateral, mainly because of the negatigient of the field that
this section of the lateral is installed Monetheless, tharv-inlet pressure profile stays under
15.5m ovetthelower 219.0m reach of the lateral.
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Figure50. Chart depicting bad differential across emittgmv-inlet pressure, anprv-set
pressure profilesSampleProject_5 of the DroptuBev-Emittersystem
configuration option

The implication is that over the upper 101.5m seatibine lateral (which contains 104
of the 330prv-emitterassemblies in the lateral) thev-inlet pressures are at least equal to the
minimum requirednlet pressure for an actiy@v. Considering thathe maximum allowablprv-
inlet pressure i81.0m (Table 13bhWwhich exceeds the computed maximpiwinlet pressure of
20.42m, it can be readily observed timthe upper 101.5m reach of the lateral,gheinlet
pressure varies within the range required forpthveto operate reliably in the agé mode (i.e.,
betweera minimum of 15.5m and a maximum of 81.0it)thus, follows that thervsin this
lateral segment operate in the active mode and hence the corresponding emitter pressures are
constant at thprv-set pressure. As a resuit,Figure 50the prv-set pressure and the emitter
head differential profiles are overlapped over this section of the lateral.

By comparison, over the lower 219.0eachof the lateral th@rv-inlet pressures are less
than the minimum required for an actper (i.e., 15.5m). Consequently, the emitter head
differentials, over this segment of the lateral, are less than the corresppndsgj pressures
(Figure 50) and hence all the 2@&/sthere are operating in the passive mode.

Notably, theprv-inlet pressure profile is a nearly smooth and almost convex function of distance
from the lateral inlet (Figure 50n other words, the effects of thespan elevation differentials,

on theprv-inlet pressure profile, are not as evident as they are in the lateral pressure head profile
(Figure 49) The explanation for this observation relates to the position girttseelative to the

lateral centerline and the spatial invariance ofpilveemitterabove ground clearance.
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Because of the positions of thes-emitter assemblies relative to the lateral centerline,
theprv-inlet pressures are significantly greater than the corresponding lateral outlet pressures.
For instance, the lateralide average pressure differential betweerpitvanlet pressure and the
corresponding lateral outlet pressure for the current sampkcpr®about 3.42m (which is the
average drofube length). Furthermore, because of the positioning girthemitter assemblies
at a uniform above ground clearance from the field surface, the pressure head differentials
between th@rv-inlets and the pective lateral outlets vary in a pattern that nearly -evernhe
in-span elevation differential effects on fw@-inlet pressure head profil€onsequently, the
spanscale wiggles that are prominent in the lateral pressure profile (Figure 50) aye barel
discernible over a section of tpev-inlet pressure profile spanning the lower 219.0m segment of
the lateral.

Furthermore, over the lower 219.0m segment of the lateral winesare operating in
the passive mode (and hence the emitters interactlgivath the flow dynamics upstream of
theprv) the emitter head differential profile shows a spatial variability pattern that is analogous
in form to that of therv-inlet pressure profile. Given that the emitter head differential differs
from theprv-inlet pressure by a constant amount (an amount equal to the required pressure head
margin between therv-set pressure and tipev-inlet pressure, 3.5m), it stands to reason that
these profiles exhibit a similar spatial pattern over the lower 219.0m sectios lateral.

Note that the data used to create this chart is saved in the
AChart EmitterPrvinletSetPres. Dato file.

Emitter discharge profile chart

Theemitter discharge profile f@ampleProject_5 of tHeroptubePrv-Emittersystem
configuration options depicted in Figure 51. A closer look at the emitter discharge profile
reveals that it is analogous in form to that of the emitter head differential profile (Figure 50). It is
constant at 5.792GPM (0.3654L/s) over the uppér3h segment of the lateral (which is the
segment of the lateral in whigiivsare operating in the active mode) and thereafter it generally
trends down with distance from the lateral inlet over the nextfPsegment of the lateral. It
then inches slight upwards over the distall9m section (i.e., spans # 6 and 7) of the lateral.
Nonetheless, emitter discharge over the lower 219.0m reach of the lateral stays under that
corresponding to therv-set pressure.

Note that the slight wiggles evident in thitter discharge profile over the lower
219.0m section of the | ateral (Figure 51) rep
the emitter discharge profile, as was the case with the emitter head differential profile (Figure
50). Given thaemitter discharge is a direct function of emitter head differential, it can be readily
observed that the similarity in the spatial pattens of the emitter head differential and emitter
discharge profiles is consistent with intuitive reasoning.
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Systems-Projects | Input | Output| Charts |
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Figure51. Emitter discharge profil&SampleProject_5 of the DroptuBev-Emitter system
configuration option

6.2.3. EmitterOn-Lateral system configuration option

6.2.3.a. Input data SampleProject_1%f the EmitterOn-Lateral system configuration

option

Among the 15 sample projects under the EmitterOsystemconfiguration option
folder, SampleProject_15 is presented here as an example (TadlasdLbc). The nonthaular
input data and a part of the tabular input data for SampleProject_15 are depicted ibZEigure

The current ampleproject considers a lateral with 6 concave spaash 61.3m long
along the centerline of the lateral (Tab&a)l The lateral is 367.9rong and isinstalledin a
level field. The lateral is supported by seven wheeled towers each 3.8m in height. Thus, using the
field surface as the reference datum,alevation of the lateral inlet is 3.8m. The total head at
the lateral inlet is 15.0m (FiguB®).

Pipe diameter varies along the latefadiameter of 88.9mm was used over spans #1 to
4, which is then reduced to 50.8mm in span #5 and to 38.1mm ovet&(eable 15a)A total
of 59 outlet ports with a reference emitter spacing of 6.29m are used to distribute water along the
length of the lateral (Tablebt). Emitters used in the current lateral, which are placed directly on
the outlet ports, are highgssure impact sprinklers (30WH model) with a spreader nozzle
(nozzlesizeof 3.1722 . 38 1 mAB /[32]8®W) fr om Rai nTtheemitter ( Rai nbi
hydraulic parameters, obtained by fitting a power function to the predsatgarge data

138



Systems-Projects | Input |Output| Charts.|

System data, summary :

Total head at the lateral inlet (m) J15.0] Lateral diameter, typical (mm) 830
Span length, typical (m) 613
Span altitude, typical (m) 1.20

Support tower height, typical (m) 380

Water temperature (oC) 20

Lateral length (rm) 36789

System tepology and components, summary

Number of spans 6 Mumber of pipes segments (-) 294
Number of Links () 588 Number of emitters () 59
Number of nodes () 589

Input data table - topological, geometric, elevation, and hydraulic data :

tngth, Drptube  Diam, Drptube  Rel Roughness,  Coeff Emitrg-h  Exp (b) emitr LHL Coeff, LHL Coeff, Prvindicator  ~
(m) {rmm) Drptube (-) Eq (L/s(l/m*b))  g-h Eq. () Kbr (-) Kbend (- param, Kprv (-}
a1y az) as3) a4) as) )

48 0 0 0
49
50
51
52
53
54

55
< 1 »

a6} ar,

oolo o oo o0
o|o|o|o/olalo|e|B
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0 i}
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Systems-Projects I [ Simulation

Input Data | Emitter-On-Lateral | SampleProject 15 =======> Alt: Highlight Access-Keys | Alt+Access-Key: Activate a Mavigation Button

Figure52. The Input windowSampleProject_15 of the Emitt&n-Lateral system
configuration option

provided in the manufacturersdé catalogue, are
boxes for theorv hydraulic parameters (Figure 52) are deactivated, because the lateral considered
in the current sample project does not hames. In addition input boxes for the average drop
tube length and emitter above ground clearance are also deactivated, indicating that the lateral
has no drogubes and the above ground clearance of emitters is not constant along the lateral.
A section of hetabularinput data for SampleProject_bbthe EmitterOn-Lateral

system configuration optiois displayed in the input data table (Figure 52). The complete input
data table for the current sample project consists of 24 columns and 588 rows. Note that the
droptube parameter columns (columns #11 to 13) and the columns for the local head loss
coefficient associated with bending losses angthéndicator parameter (i.e., columns #17 and
18, respectively) are set to zero, indicating that the lateral considdrexiaarrent sample
project is not fitted with drojubes angbrvs

The complete input datset forthe current ampleprojed is saved in the
| nput Dat a fild, andals@inan dxeelpvérsion of the input data file,
l nput Dat a_ Li rhesafilesvetd plased undeBtletcurrent projémtier during
program installation.

St D

6.2.3.b. Output dataSampleProject_1%f the EmitterOn-Lateral system configuration
option
Output data for SampleProject_abthe EmitterOn-Lateral system configuratiaption
are depicted in Figure35The output data consists of both nontabular and tabular data blocks.
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| Systems-Projects [ Input | Output | Charts

Emitter discharge and head differential variability indicator parameters :
Emitter discharge, minimum (/=) [ 01191 | Emitter head differential, minimum (m) 5.30 |
Emitter discharge, average (L/s) 0.1462 Emitter head differential, average (m) 792
Emitter discharge, maximum (L/z) 01708 Emitter head differential, maximum (m) 1062
Emitter discharge and head differential uniformity indicator parameters :
Uniformity coefficient, emitter discharge (=) [ 0.927 | Uniformity coefficient, emitter head diff (=) | 0.862
Low-quart distr unif, emitter discharge (-) [ 0.869 | Low-quart distr unif, emitter head diff (-) | 0.758
Ouput data table :
Mode Index, Mode Index, Link Index () Modal Dist, Modal Dist, Modal Elv, Modal Elv, Discharge =
UpStr (=) DnStr (-) @ UpStr (m) DnStr (m) UpStr (=) DnStr (m) Lat Seg (L/:
1) (2) (4) (5) &) @ (&)
L 2 1 o 1.254 38 3.8961 862
2 2 3 2 1.254 1.254 3.8961 3.8961 0
3 2 4 3 1.254 2507 35961 39882 862
4 4 -] 4 2.507 2307 3.9882 3.9882 o
5 4 6 5 2.507 3.76 35882 4.0762 8.62
6 6 7 & 376 376 4.0762 40762 0
7 6 8 7 376 5013 4.0762 41602 862 .
v
Additional output :
Error, inlet head estimate (%) 0.0059
Systems-Projects [ Input | | Charts ]
Output Data | Emitter-On-Lateral | SampleProject 15 ====z===

Figure 8. The Output windowSampleProject_15 of the Emittén-Lateral system
configuration option

The computed emitter discharge variability dakaplayed in Figure 53hows that
emitter discharges along the lateral vary over a relatively wider range from a lower limit of
0.1191L/s to a maximum of 0/@8L/s and the average is 0.1462I0% the other handhé
emitterhead differentiaprofile vary between 5.30 and 10.62m and the mean value is 7.92m.

The system hydraulic performance summary shows that the emitter discharge uniformity
coefficient is 0.927 and the leguarter distribution uniformity is 0.869, which suggests a fairly
high emitter discharge uniformity along the lateral. With a uniformity coefficient of 0.862 and a
low-quarter distribution uniformity of 0.759, the emitterall differential profile is rather less
uniform compared to the discharge profile.

Furthermore, the output data in the additional output groupbox show that the error in the
computed inlehead estimatiss 0.0009m or 0.0059% of the imposed inlet héatethat the
input boxes, for the operating modes of pines, are deactivated, indicating that the lateral
considered here is not fitted wiphvs.

A section of the tabular output ddta the current sample projectdssplayed in the
output datdable Figure 53). The output datéable consists of 20 columns and 588 rows. Note
that thecompleteset of computed hydraulic parameters (betput datacan be found in the
AOut put Dat afilelandrthie additio@uoutput files listed in Table 7, all bickhwere
placed in theurrent ampleprojectfolder duringprogram installation.
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6.2.3.c. Output chartsSampleProject_1%f the EmitterOn-Lateral system configuration
option
A set of output charts of SampleProject, dénsisting of{(i) the lateral elevation profile
and the computed lateral hydraulic and energy glads, (i) thelateral pressurprofile, and
(i) theemitter discharge profilwill be presentedhext

Chart depicting lateral elevation profile andyliraulic and energy gradéines

As can be noted from FigurdShe energy gradine (i.e., the upper most curve)
decreased steadily with distance along the lateral from a maximum value of 15.0m at the lateral
inlet to 10.5m at the distabnd of the dteral. The hydraulic gradme (which is right under the
energy graddine) varies between a minimum of 18m at the distaénd to 14.9m at the inlet.
The total head and the hydraulic head, near the @éisthbf the lateral, appear to be identical for
the current sample problers avell. These data suggest that the velocity head at the-drstiails
zero, which actually is not the case. It appears so, only because the velocity head at-the distal
end, in particular (and over the entire lateral in geneggbf a much smaller order of magnitude
compared to the hydraulic and the total heads.

Note that both the energy and the hydraulic gilades have three segments. Over the
upper 245.2m segment (covering spans #1 to 4) of the lateral both parametaseledth
distance from the lateral inlet at a decreasing rate. However, in the upper reach of span #5, the
trend observed in the upstream spans is reversed anthbathergy and hydraulic gratiees
begin to decline at a faster pace wdiktance from the laterahlet, although the rate of
decrement slows down with distance within span #5 as well. Once again in the upper section of

| LincSys =]

Bl Systems-Projects iInput Output | Charts

s ™
Lateral Elevation Profile, Hydraulic Grade Line, and Energy Grade Line

— ELV

— HGL

— EGL
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TN N N NN

Lat center-line ebv, piezometric head, and total head (m)

T T T T T
0 88 176 264 352 440
Distance along the lateral (m)

Output Mext Save

Output Charts | Emitter-On-Lateral | SampleProject 15 =======> Alt: Highlight Access-Keys | Alt+Access-Key: Activate a Navigation Button

Figure %l. Chart depicting theakeral elevation profiland thehydraulicand energgrade
lines: SampleProject_15 of the Emitt@n-Lateral system configuration option
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span #6, the rate of decrement in both the energy and hydraulitrggadend to accelerate
compared to the lower section of spanB&idently, the observed pattern of variability in the
lower reaches of the energy and hydraulic gnaek is related to the progressive decrement in
lateral diameter from 88.9mm over spans #1 to 4 to 50.8mm in span #5 and then to 38.1mm in
span #6.

Note that h Figure 54, the lower most curve, with a series of concave segments,
represents the elevation profile of the lateral centerline, which shows that the lateral is installed
on a level field.

Lateral pressure profile chart

The laterapressure profile for the current sample project is depicted in Figure 55.
Consistent with the results described earlier for the other sample projects, here as well the lateral
pressure profile exhibits both-spanpatterns (solidine) and interspan treds (dashdotted
line). A closer look at Figure 55 shows that the igjean pressure variability trends down over
spans #1 to 4, but at a decreasing @gene moves downstream from the lateral inlet (note that
this trend is consistent with the fact thia¢ lateral is installed on a level field). By contrast, over
spans #5 and 6 the intgpan pressure variability continue to trend down with distance from the
lateral inlet, but at an accelerated pace compared to spans upstream, which evidently is related
the progressive reduction in lateral diameter over these spansre detailed discussion on the
effects of lateral diameter on-gpan and intespan trends of lateral pressure profiles is provided
by Zerihun and Sanchez (2019c).

Lateral Pressure Profile

y\‘/7\~_‘

—

Lateral prassure (m)

T T T
1] 88 176 264 352
Distance along the lateral (m)

Cutput Previous Mext Save

Output Charts | Emitter-On-Lateral | Sampl

Figure %. Lateral pressure profilehart :SampleProject_15 of the Emitt@n-Lateral system
configuration option
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Emitter discharge profile chart

The emitter discharge profile f@ampleProject_15 of tHemitterOn-Lateralsystem
configuration option is shown in Figure 56. In contrast to the sample projects of the Droptube
Emitter and Droptub®rv-Emitter system configuration options, thesipan emitter discharge
variability pattens for the current sample project are of the same general form as those of the
corresponding lateral pressure profile variability patterns. Given that (in the lateral considered
here) emitters are placed directly on the lateral outlets, it can be relasigved that for each
emitter, the emitter inlet pressure is nearly the same as the local lateral pressure. The implication
is that the emitter discharge profile is a strong function of the lateral pressure profile, which

explains the observed similarity profile patterns between the lateral pressure and emitter
discharge profiles.

Systems-Projects | Input | Output | Charts |

s ™~
Emitter Discharge Profile

Emitter discharge (GPM)

T T T T T
o 88 176 264 352 440
Distance along the lateral (m)

Figure B. Emitter discharge profil&SampleProject_15 of the Emitt@n-Lateral system
configuration option

Although the emitter discharge profile, shown in Figure 56, has the same general form as
that of the lateral pressure profile depicted in Figure 55, a closer look at Figure 56, nonetheless,
reveals thathelocal in-span variability patterns of themitterdischarge profil&lo not precisely
follow that of the lateral pressure profile. This is particularly evident in sections of the lateral
around some of the span joints (particularly the span joints that are near the upsirig¢am
where the changen theslope of the emitter discharge profile (Figure &@not as sharp thse
of the pressure head profile (Figure 55).

The explanation for this observation is related to the significant differentiesnodal
and outlet (emitter) spaciagised in this laral. While the reference outlet (emitter) spacing for
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the current lateral (a lateral that uses high pressure sprinklers) is set at about 6.29m (Table 15c),
the nodal spacing was set to a constant value of 1.25m along the lateral. Thus, the

lateral presse profile, evaluated at each of the computational nodes, has a sufficiently fine
resolution to track the form of the lateral elevation profile more closely, even near span joints
where the rate of change in lateral elevation is at its maximum. By cotheastlatively large

emitter spacings used in the current lateral meant that for at least some of the spamijtierts
placements are such that distances between the location of a span joint and those of the closest
emitters are relatively large fdnéresultant emitter discharge profile to closely track the form of
the lateral pressure profile near such a span joint. As a result, sections of the emitter discharge
profile, about some of the span joints, appgedrenot as sharp as the lateral presgurofiles

(Figure 56).
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