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Abstract

LincSys is a software for simulating the hydraulics of linear-move and center-pivot irrigation systems. The term LincSys is a mnemonic for the
phrase ‘linear-move and center-pivot systems’. The LincSys software is comprised of a pair of executable files: a hydraulic simulation module,
HydrSimLaterals.exe, and a graphical user interface (GUI), LincSys.exe, through which the user interacts with the hydraulic module. The user
interface and the computational module are coupled through an application programming interface. The simulation module of LincSys is based on
a numerical solution of the continuity and energy balance equations for one-dimensional steady pipe flow. The model can simulate the hydraulics
of linear-move and center-pivot systems that use the following emission devices to meter outlet discharges along the lateral: (i) drop-tubes fitted
with pressure reducing valve and emitter assemblies, (i) drop-tube and emitter assemblies, or (iii) emitters placed directly on lateral outlet ports.
The GUI of LincSys consists of a tabbed form with four windows, namely, the Systems-Projects, Input, Output, and Charts tabpages. Each tabpage
provides access to a subset of the program functionalities, consisting of: project management, help utilities, displaying and enabling the editing of
input data, conducting simulation, and displaying output data and charts. LincSys employs a mix of standard Windows user interface controls to
enable users to issue commands, navigate the user interface, and access program functionalities. Note that this manuscript is part | of a two-part
paper and it describes the hydraulic simulation module and the GUI of LincSys. Part |l presents application examples and a brief summary of
results of model evaluation.
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In tro duction irrigation laterals are limited. However, the geometric features and hydraulic
components of linear-move and center-pivot irrigation systems are generally

the same. The main differences between these systems are the mobility or
Center-pivot and linear-move systems are used to irrigate a wide variety |ack thereof of the inlet-end support tower, the mode of motion of the lateral,

of crops under a range of conditions [1]. Currently, center-pivot and linear- and the need for a separate guidance mechanism for linear-move systems.
move systems, collectively, account for about half of the irrigated acreage in These differences are considered not to have appreciable effect on the basic
the U.S. and are expanding [2]. Thus, the development of accurate and flexible hydraulic principles governing flow in these systems and applicable equations

mathematical models that can be used in the hydraulic analysis, design, and  [10). Thus, in practice the hydraulics of these systems is considered identical.
management of these systems has become increasingly important.

A software for simulating the hydraulics of linear-move and center-pivot
irrigation systems, called LincSys, is presented in this manuscript. The term
LincSys is a mnemonic for the phrase ‘linear-move and center-pivot systems’.
The LincSys software is comprised of a pair of executable files: a hydraulic
simulation module, HydrSimLaterals.exe and a graphical user interface (GUI),
LincSys.exe, through which the user interacts with the hydraulic module. An
application programming interface is used to couple the user interface to the
computational module. Data exchange between the user interface and the

The design of linear-move irrigation systems was described in reference simulation module takes place through space delimited text files.

[6]. Furthermore, the results of a simulation study, conducted using a version of
the CPED model, on variable water application with linear-move systems was
presented in reference [13]. Published studies on the hydraulics of linear-move

Flow in center-pivot and linear-move systems are generally considered
steady. Accordingly, forms of the energy conservation and continuity equations
applicable to one-dimensional steady pipe flow [3] can be used to describe
the hydraulics of such systems. Studies on the hydraulic analysis and design
of center-pivot irrigation systems were conducted by various authors [4-
11]. Adesign and evaluation model, CPED, was developed for center-pivot
systems [12].

The hydraulic module of LincSys is a numerical model that solves the
continuity and energy balance equations (for one-dimensional steady pipe
flow) to determine the lateral-wide distribution of total heads and lateral and
emitter discharges, along with other derived output parameters, given model
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components (such as pressure reducing valves or prvs — where applicable,
span geometric features, and drop-tubes) on the system hydraulics. LincSys
can simulate the hydraulics of linear-move and center-pivot systems with the
three distinct lateral outlet discharge metering configurations: (i) prv-emitter
assemblies fitted to the lower ends of drop-tubes; (i) emitters attached directly
to drop-tubes; or (iii) emitters placed directly on lateral outlet ports. Note that
the term emitter is used here in the broader sense to describe various water
emission devices used in linear-moves and center-pivots, including high
pressure sprinklers placed directly on lateral outlet ports and low pressure
spray-nozzles fitted to droptube-prv assemblies. Furthermore, the more
concise phrase of, system configuration options, will henceforth be used in this
document to refer to the lateral outlet discharge metering configuration options.

The GUI of LincSys consists of a tabbed form with four windows, namely,
the Systems-Projects, Input, Output, and Charts tabpages. Each tabpage
provides access to a particular set of program functionalities, consisting of:
help utilities, project management, preprocessing (displaying and enabling
the editing of input data and input data file handling), processing (conducting
simulation runs), and postprocessing (displaying output data and charts and
output data and charts file handling).

The help utility of the LincSys software provides resources that the user
can access through tooltips, a dedicated Help menu that can be activated from
the Systems-Projects window, and a set of text files placed in various folders
in the course of program installation. LincSys employs standard Windows
Forms controls, namely control buttons, textboxes, a listbox, DataGridView
table, a toolbar, a dropbox with menu, label controls, and chart control to allow
users to issue commands, navigate the user interface, and access program
functionalities.

The LincSys software can be downloaded from the Yuma Agricultural
Center, University of Arizona, Yuma Center of Excellence for Desert Agriculture
website [16]. Electronic version of the user’s manual can be accessed through
the help menu of the program or downloaded from the same webpage.

Note that this manuscript is part | of a two-part article and it describes the
hydraulic simulation module and the features, layouts, and functionalities of
the GUI of LincSys. Part Il presents results of application examples and model
evaluation [17].

System description

Alinear-move or a center-pivot irrigation system is a self-propelled machine
consisting of a lateral that applies water to crops in the form of precipitation as
it moves across the irrigated field. While a linear-move system travels in a
straight-line irrigating a rectangular field, a center-pivot system rotates about
a pivot point fixed to a permanent base and irrigates a circular area, although
various accessories can be used to irrigate parts of the field corners.

A sketch of a typical linear-move system, obtaining its supply from a
canal, with an intake apparatus, a pump, and a power unit attached to its
inlet-end is depicted in Figure 1a. The lateral is comprised of a series of
arched spans connected, at their lowest points, with flexible joints that allow
relative movement between adjoining spans. Each span has multiple regularly
or variably spaced outlet ports. Figure 1b depicts the details of a droptube,
pressure reducing valve (prv), and emitter assembly (also described here as
precision applicator) often used in these systems to meter outlet discharges
across a lateral at a preset rate. A center-pivot irrigation system equipped with
precision applicators is depicted in Figure 1c.

A quick comparison of Figures la and 1lc shows that the structural
elements, hydraulic components, and geometric features of center-pivots are
the same as those of linear-move systems. The principal differences between
these systems are the mobility of the inlet-end support tower (i.e., stationary
or mobile), the mode of motion of the lateral (i.e., circular or linear/straight-
line), and if there is a need for a separate guidance mechanism or not. These
differences are generally considered not to have appreciable effect on the basic
hydraulic principles governing flow in these systems and applicable equations.
Thus, in practice the hydraulics of these systems is considered identical.

Although Figure 1 depicts only systems that use precision applicator
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assemblies for metering outlet discharges along the lateral, the computational
module of LincSys is capable of simulating the hydraulics of laterals with
three different system configuration options: (i) systems that use prv-emitter
assemblies, fitted to drop-tubes, as emission devices to meter outlet discharges
at a pre-set rate across the lateral (labeled here as Droptube-Prv-Emitter or
precision applicator configuration), (ii) systems that use emitters attached to
drop-tubes to meter outlet discharges across the lateral (named as Droptube-
Emitter configuration), and (jii) systems in which emitters are placed directly on
the lateral (described here as Emitter-On-Lateral system configuration).

The LincSys software: availability, installation, and user
interface

Overview: LincSys is a computer program for simulating the hydraulics
of linear-move and center-pivot irrigation systems. The name LincSys is a
mnemonic for the phrase ‘linear-move and center-pivot systems’. The LincSys
software is comprised of a pair of executable files: a hydraulic simulation
module, HydrSimLaterals.exe, and a graphical user interface (GUI), LincSys.
exe, through which the user interacts with the hydraulic module. The GUI of
LincSys was developed with the Basic computer programming language in the
Visual Studio Integrated Development Environment [18] and it is based on the
Windows Forms for .Net Framework Ver. 4.8. The hydraulic simulation module
was developed as a standalone numerical model in 2017 by the same authors
and was written in the C++ computer programming language within the Visual
Studio Integrated Development Environment [19].

The user interface and the computational module are coupled through an
application programming interface that uses the CreatProcess function. Data
exchange between the user interface and the simulation module is effected
through space delimited text files. Input data, edited within the user interface,
is transferred to the simulation module and output data from the simulation
module is relayed back to the user interface using space delimited text files.

Computational module of LincSys

From the perspective of hydraulic modeling, the pipeline that conveys
water across a linear-move or a center-pivot machine is essentially an
irrigation lateral. Nonetheless, these laterals differ from the conventional
irrigation laterals of solid-set or set-move systems in the following respects:
they move across the field as they apply irrigation water, they are comprised
of arched spans placed on an elevated platform, and are often equipped with
precision 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, a description of the full range of prv
operating modes in the context of irrigation laterals, and the approaches used
in LincSys to model prv effects on lateral hydraulics (in the systems that are
fitted with prvs) can be obtained from earlier publications by the current authors
[14,15]. Thus, the discussion here focusses on providing brief descriptions of
the schematization of a linear-move or a center-pivot lateral as a branched
hydraulic network and the formulation and numerical solution of the hydraulic
simulation problem of these laterals as implemented in the computational
module of LincSys.

Irrigation lateral as a branched hydraulic network: For the purpose of
hydraulic modeling, a linear-move or a center-pivot lateral is treated here as
a branched hydraulic network consisting of links delimited by nodes (Figure
2a). Lateral pipe segments and outlet discharge metering apparatuses are
considered as hydraulic links (note: a lateral (pipe) segment is a section of
the lateral pipe that is delimited at both ends by computational nodes). In
Figure 2a, horizontal line segments represent lateral pipe segments, whereas
outlet discharge metering apparatuses (i.e., droptube-prv-emitter assemblies,
droptube- emitter assemblies, or emitters, as the case may be) are depicted as
vertical lines. Note that the link discharges, Q, are system unknowns and need
to be determined as part of the hydraulic simulation.

Computational nodes can be points along the lateral at which two or more
links are joined (Figure 2b). These include points where drop-tubes or emitters
connect to lateral outlet ports (offtake nodes), other points along the lateral
where lateral elevations are defined but no outlet ports exist (non-offtake
nodes), and span joints. The total head, H, at each of these nodes are system
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Figure 1. (a) Sketch of a linear-move system obtaining its water supply form a canal and (b) Elevation view of the support tower showing details of drop-tube fitted with a prv-emitter
assembly, and drive unit (from section at o-o, Figures 1a and 1c), and (c) Sketch of a center-pivot irrigation system

unknowns and need to be determined as part of the hydraulic computation. In
addition, the lateral inlet and the exit ends of each emitter are also considered
as nodes. However, these nodes either have a known total head (as in the
case of the lateral inlet) or have total heads that can be defined in terms of
the discharge and elevation of individual emitters, thus the heads at these
nodes do not need to be specifically treated as unknowns of the hydraulic
simulation problem. Details on the topological schematization of the lateral as
a branched hydraulic network are provided in earlier publications by the same
authors [14,15] and in the user’s manual of LincSys, which can be downloaded
from the same website as that of LincSys.

Specification of the lateral hydraulic simulation problem: The problem
of interest here is hydraulic simulation of a linear-move or a center-pivot lateral
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that uses any one of the three system configuration options (described earlier)
and is operated under steady flow condition. Thus, the modeling objective is to
determine all the link discharges and the nodal heads along the lateral, given
the elevation profile and the geometric and hydraulic parameters of the lateral,
including the total head at the inlet. Forms of the energy conservation and
continuity equations, applicable to one-dimensional steady flow [3] in stationary
and straight pipelines, are used here to model the hydraulics of these laterals.

Accordingly, a continuity equation is written for each junction node (a
computational node along a lateral, excluding the inlet end node) and an
energy halance equation is formulated across each link. For a general lateral
hydraulic simulation problem these equations can be coupled to form a
system of nonlinear equations that can be solved iteratively [20]. However,
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Figure 2. (a) Schematics of a linear-move or center-pivot lateral as a connected series of links delimited by nodes, (b) an offtake junction node and attached links, and (c) a non-offtake
junction node (i.e., a node without an outlet) and attached links. (Note: (i) node index and [j] is link index, Q is link discharge; H and Z are nodal head and elevation, respectively, and
H, = total head imposed at the lateral inlet. Furthermore, for computational convenience, it is assumed here that a virtual link with zero discharge is connected to each non-offtake

junction node, Figure 2c)

the hydraulic module of LincSys uses computational methods applicable to
hydraulic manifolds [21,22], and a modification thereof for systems with prvs,
to solve the hydraulic simulation problem of linear-move and center-pivot
irrigation systems. For details on the formulation and numerical solution of the
simulation problem, as implemented in the computational module of LincSys,
the reader is referred to [14,15] and the user’s manual of LincSys.

Installation and A quick exploration of the contents of the
LincSys installation folder

LincSys Ver.1.0 is a public domain software available for installation free
of charge from the Yuma Agricultural Center, University of Arizona, Yuma
Center of Excellence for Desert Agriculture website [16]. A quick description
of the steps in the installation of LincSys can be obtained from a power point
presentation (Quick Introduction.ppt) or a document (Quick Introduction.pdf)
that can be downloaded from the same website as that of LincSys.

Following installation, opening the installation folder of LincSys with
Windows Explorer (or File Explorer) shows that a sizable number of files and
a folder have been copied into it. These include the executable files LincSys.
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exe and HydrSimLaterals.exe, the program icon file LincSys.icon, and the
program configuration file LincSys.exe.config.xml. In addition, a host of .Net
Framework utility files with a *.DIl (dynamic link library) extension were copied
to the installation folder. Furthermore, the user may notice that a folder named
Projects was created under the installation folder.

LincSys uses a specific directory structure to track and manage projects,
which are created under the Projects folder during installation (note 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 the project). A
look at the contents of the Projects folder shows that directly under it there
are five subfolders: DrptubePrvEmitter, DrptubeEmitter, EmitterOnLat,
HelpDocAndLiterature, and Templates_InputDataFiles. A more detailed
discussion on the contents and formats of each of the files in these folders are
presented in the user’s manual. A brief description of the contents of each of
these folders will now be presented.

The DrptubePrvEmitter, DrptubeEmitter, and EmitterOnLat folders are
referred here as system configuration option folders and they contain the
LincSys project's data corresponding to the Droptube-Prv-Emitter, Droptube-
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Emitter, and Emitter-On-Lateral system configuration options, respectively.
Opening any of the system configuration option folders, following installation
(say for instance the DrptubePrvEmitter folder), would show that (at installation)
it contains fifteen sample projects (i.e., folders), named SampleProject_1,
SampleProject_2,..., SampleProject_15, each with a complete set of input and
output data files.

The HelpDoc and Literature folder contains documents used by LincSys
as help information resources that can be accessed through the Help menu
from the user interface. Furthermore, the Templates_InputDataFiles folder
contains input data template files for laterals with number of spans ranging
between 6 and 12 and are intended for use as templates for creating new
LincSys projects.

The graphical user interface of LincSys:
Features and functionalities, a summary

Overview: The GUI of LincSys is a tabbed form designed to provide
access to the program functionalities, consisting of help utilities, project
management, preprocessing (displaying input data, enabling the editing of
input data, and input data file handling), processing (conducting simulation
runs), and postprocessing (displaying output data and charts and output data
and charts file handling).

Standard Windows Forms controls, namely control buttons, textboxes, a
listbox, DataGridView tables, a toolbar, a dropbox with menu, label controls,
and chart controls are used to issue commands and execute various program
functionalities. Note that in this document the user interface controls are
referred to with names that are contextually more intuitive and meaningful, in
place of the more general technical names used in the programming literature.
Table 1 summarizes the names used in this document for the user interface
controls along with their technical counterparts.

As shown in Figures 3 to 6, the GUI of LincSys is comprised of four
tabpages: the Systems-Projects, the Input, the Output, and the Charts
tabpage, each providing access to a particular set of software functionality.
Details on the features, contents, and layouts of each tabpage, the software
functionalities associated with each, and keyboard usage for activating user
interface control buttons, navigating the user interface, browsing through and
editing input data, and browsing through the output data and output charts are
provided in the user’'s manual of LincSys, and also in document on keyboard
usage, both of which can be downloaded from a same website as that of
LincSys. Thus, the following sections present only a brief description of the
main features, layouts, and functionalities of each tabpage.

The Systems-Projects tabpage: features, layouts, and functionalities:
The Systems-Projects tabpage represents the main access or entry point to
the LincSys model. It also provides access to program help resources, project
management functionalities, and to the other tabpages. The features and
layout of the Systems-Projects tabpage is depicted in Figure 3. The tabpage
displays a titlebar at the top and a statusbar at the bottom of the window,
which present features that serve only informational purpose. The user-
interface controls associated with the Systems-Projects tabpage consists of

the tabcontrols, a toolbar, a groupbox with radio buttons, project listbox, and
navigation buttons (Figure 3).

The tabcontrols are displayed underneath the titlebar with the Systems-
Projects tabcontrol highlighted. Note that the tabcontrols cannot be used to
open any of the other tabpages from the Systems-Projects window. However,
the Systems-Projects window and the other tabpages can be accessed through
the respective tabcontrols from within the Input, Output, or Charts tabpage.

The toolbar, which is displayed right underneath the tabcontrols (Figure
3) of the Systems-Projects window, is designed to provide access to help
resources and project management functionalities of LincSys, which include
creating a new project, copying a project, deleting a project, and renaming a
project.

The Systems-Projects window uses radio button controls, placed inside
the Systems configuration option groupbox, to enable the specification of the
system configuration option (i.e., Droptube-Prv-Emitter, Droptube-Emitter, or
Emitter-On-Lateral) for which a simulation is to be conducted. Note that for
the example shown in Figure 3, the system configuration option is set to the
Droptube-Prv-Emitter option. The project listbox, to the right of the Systems
configuration option groupbox, displays a list of existing projects under the
currently selected system configuration option. If LincSys is opened for the
first-time following installation, the project listbox displays the fifteen sample
projects corresponding to the currently selected system configuration option.
Note that the cursor in the project listbox can be moved up and down through
the list of projects to select one for which hydraulic simulation is to be
conducted.

Displayed above the statusbar, of the Systems-Projects tabpage, is a set
of navigation buttons (Input, Output, and Charts) that serve as the primary
access points to the respective windows and an Exit button for closing LincSys
from the Systems-Projects window.

The Input tabpage: features, layouts, and functionalities: The Input
tabpage is the window where the input data for the current simulation session
are displayed and can be edited. The features and layout of the Input tabpage,
for a system with Droptube-Prv-Emitter configuration option, are depicted in
Figure 4. The Input window contains a titlebar, a statushar, and user interface
controls consisting of input boxes and an input data table (to display and
enable the editing of input data), navigation buttons, and tabcontrols.

The titlebar and the statushar are displayed at the top and bottom of the
Input tabpage, respectively. The tabcontrols are displayed underneath the
titlebar with the Input tabcontrol highlighted (Figure 4). The Systems-Projects
tabpage can be accessed from the Input window through the Systems-Projects
tabcontrol. The Output and Charts tabcontrols, on the other hand, can be used
to open the respective tabpages only if the tabpages were activated through
navigation buttons earlier during the current simulation event.

Displayed in the main body of the Input window, below the tabcontrols,
is two groupboxes, namely: the System data, summary and the System
topology and components, summary; each with input boxes arranged in a pair
of columns. Note that the term input box refers here to a Windows Forms
user interface control commonly described in the literature as a textbox control
(Table 1). The input boxes display and enable the editing of non-tabular input
data.

Table 1. Conventional technical names of user interface controls used in LincSys and names used to refer to them in this document

Names of user interface controls
Name used in LincSys Technical name

Function

Displays and allows editing of the hydraulic network topological data, lateral hydraulic and geometric parameters, and

Displays the hydraulic network topological data, lateral elevation profile data, and output parameters in a tabular format
Displays the list of existing projects under the currently selected system configuration option and allows selection of a

Inputbox Textbox Displays and allows editing of nontabular project input data
Outputbox Label Displays nontabular project output data
Input data table DataGridView elevation profile data in a tabular format
Output data table DataGridView
Project listbox Listbox

Control buttons
Grouphox

Navigation buttons
Grouphox
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project for which simulation is to be conducted
Windows Forms control buttons used to navigate the user interface
Awindows user interface feature that contains a set of related user interface controls
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Depicted right under the System topology and components, summary
groupbox is a partial view of the input data table, which displays and allows
users to edit tabular input data (Figure 4). Note that an input data table is in
fact what is described as a DataGridView table in the computer literature (Table
1). The input data table contains twenty-four columns and as many number
of rows as there are links in the topological representation of the lateral. The
columns in the input data table represent a data type. It could be network
topological parameters such as link and node indexes, lateral elevation profile
data or input data related to the dimensions and/or hydraulic characteristics of
system components such as lateral pipe segments, drop-tubes, emitters, prvs,
and pipe appurtenances. The row of the input data table, on the other hand,
represents data related to a network link and corresponding nodes, including
nodal distances from the lateral inlet, nodal elevations, and geometric and
hydraulic parameters.

Between the input data table and the status bar, the Input window displays
a pair of navigation buttons: Systems-Projects and Simulation. If the Systems-
Projects button is activated, then the user interface control will revert back to the
Systems-Projects window. Alternatively, a simulation run of the current LincSys
project can be conducted by activating the Simulation button. Activating the
simulation button initiates a process that include input data validation and
preparation of the input data in a format that is readable by the simulation
module of LincSys (HydrLateralSim.exe) and then culminates in invoking the
simulation module. Following a successful simulation output data will be saved
in a series of files in the current project folder and will be displayed in the
Output window (note that a list of the input and output data files of LincSys
along with descriptions of their contents is provided in Table 2). If, on the other
hand, the simulation run is terminated because of an already identified runtime
error, then LincSys prints on the screen a runtime error message identifying
possible sources of the error and potential remedies.

Note that the features and layout of the Input tabpage depicted in Figure
4 is for a system with Droptube-Prv-Emitter. For a system with a Droptube-
Emitter or Emitter-On-Lateral configuration option, however, only a subset of
the nontabular and tabular input data shown in Figure 4 are applicable. For
details on this the reader may consult the user manual of LincSys.

The Output tabpage: features, layouts, and functionalities: The
Output tabpage is the window where the output data from a current or an
earlier simulation session are displayed. The features and layout of the Output
tabpage are depicted in Figure 5 for a system with Droptube-Prv-Emitter
configuration option. The Output tabpage consists of a titlebar, a statusbar,
and user interface controls (including output boxes and an output data table),
navigation buttons, and tabcontrols.

In the Output tabpage as well, the titlebar and the statushar are placed
at the top and bottom of the window, respectively. The tabcontrols, which
are displayed right under the titlebar, are depicted with the Output tabcontrol
highlighted. The Systems-Projects tabpage can be accessed from the Output
window through the Systems-Projects tabcontrol. 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
current simulation event, either from within the output tabpage or from the
Systems-Projects tabpages.

Furthermore, Figure 5 shows that the output tabpage contains three sets of
output boxes displaying non-tabular output data, each in a separate groupbox:
(i) Emitter discharge and head differential variability indicator parameters, (ii)
Emitter discharge and head differential uniformity indicator parameters, and
(iii) Additional output parameters. An output box is a Windows user interface
element commonly referred to as a label control and its contents are non-
editable (Table 1). Note that the output data related to the number of active and
passive prvs, in the Additional output parameters groupbox, are impertinent to
systems with the Droptube-Emitter or Emitter-On-Lateral configuration option,
thus they would be deactivated for these options.

The output data table, which is positioned in the middle of the Output
window, displays the hydraulic network topological data, lateral elevation
profile, and computed hydraulic parameters. The output data table contains
twenty columns and as many number of rows as there are links in the
topological schematization of the lateral. The columns in an output data table
represent data type. It could be network topological parameters such as link
and node indexes, nodal distance from the lateral inlet, elevation profile data
or computed hydraulic parameter such as discharge, pressure, hydraulic
head, and total head profile. A row of the output data table, on the other hand,
represents data related to a network link and corresponding nodes, including
nodal distances from the lateral inlet, nodal elevations, and computed hydraulic
data.

Underneath the Additional output parameters groupbox and above the
statushar, the Output window displays three navigation buttons: Systems-
Projects, Input, and Charts. Activating the Systems-Projects button ends the
simulation event and program control will revert back to the Systems-Projects
page. On the other hand, activating the Input or the Charts button would
transfer user interface control to the Input or the Charts window respectively.

The Charts tabpage: features, layouts, and functionalities: The
Charts tabpage is designed to display a graphical rendering of a total of eleven
computed hydraulic parameters sequentially, each in a separate chart panel.
Note that a list of the output chart files and descriptions of their contents is
provided in Table 3. Figure 6 depicts the features, layout, and contents of the

Table 2. Input and output data files of a LincSys project

File name Extension Description of contents
InputData_LinLat Inp Input data file. File content consists of network topological and lateral hydraulic, geometric, and elevation data
InputData_LinLat Xlsx Excel version of the input data file (InputData_LinLat.Inp)
OutputData_LinLat Out The main output data file. File contains network topological and elevation profile data and computed hydraulic parameters
Output date file. Its content consists of the lateral elevation profile, computed hydraulic grade-line, energy grade-line, and lateral
Chart_EIvHg|Eg| Dat pressure profile data. LincSys uses data from this file to create: (1) the lateral elevation profile, the hydraulic grade-line, and the
energy grade-line chart and (2) the lateral pressure profile chart
Output data file. The contents of this file consist of prv-inlet pressure, prv-set pressure, computed head differential across
Chart_EmitterPrvinletSetPres Dat emitter, and emitter discharge profile along the lateral. Output data from these file are used by the program to create: (1) the
prv-inlet pressure, prv-set pressure, and emitter head differential chart and (2) the emitter discharge profile chart
Output data file. Contents of this file consist of the computed lateral discharge, friction head loss in lateral segments, cumulative
friction head loss, Darcy-Weishach friction factor, local head loss in a lateral pipe segment, cumulative local head loss, and
Chart FhiLhiVelH Dat velocity head profile data. These data are used by the program to create: (1) the lateral discharge profile chart, (2) chart
- depicting the profile of friction head loss in lateral pipe segments; (3) the cumulative friction head loss profile chart; (4) the friction
factor profile chart; (5) chart depicting the profile of local head losses in lateral pipe segments; (6) the cumulative local head loss
profile chart; and (7) the velocity head profile chart
. . Output data file. Its content consists of emitter discharge, emitter head differential, lateral discharge, prv-inlet pressure, and
EmitterDischargePressure Dat . . : ) ) . . . L
prv operating status. File contains optional content for users to create professional looking charts with graphical applications.
Lat_hElvHgIEg] Comp Dat Outpqt data _flle. Contains a more _complete dat_a on total he_ad, hydrau_llc head, and pressure head profiles along the lateral. File
contains optional content for use in the analysis of the spatial properties of these parameters.
Readme Txt Readme file. Contains a concise summary of the content of a sample project folder
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Charts window when it is first opened. The Output tabpage contains a titlebar,
a statusbar, a chart panel, navigation buttons, and tabcontrols.

At the top of the Charts window is the titlebar and at the bottom the
statushar. Right under the titlebar, the tabcontrols are displayed with the Charts
tabcontrol highlighted. While the Systems-Projects tabpage can be accessed
from the Charts window through tabcontols, the Input and Output tabcontrols,
on the other hand, can be used to open the respective tabpages only if the
tabpages were accessed through navigation buttons earlier during the current
simulation event. Directly under the tabcontrols is a rectangular chart panel
where graphical outputs are displayed. Note that when the Charts window is
first opened, the chart panel displays the graph of the elevation profile of the
lateral centerline and the computed hydraulic and energy grade-lines (Figure 6).

Underneath the chart panel, a set of navigation buttons (Output, Previous,
and Next) and a Save button are displayed. While the Output button can be
used to transfer user interface control to the Output window, the Previous
and Next buttons are to be used to browse through the different chart panels.
The Save button can be activated to save the currently displayed chart in the
Charts subfolder under the current project folder in a Png format.

Concluding remarks and summary

A software, called LincSys, capable of simulating the hydraulics of linear-
move and center-pivot irrigation systems was developed. The term LincSys is a

gE—— ==
Systems-Projects I Input | Output | Charts |
Emitter discharge and head differential variability indicator parameters :
Emitter discharge, minimum (L/s) Emitter head differential, minimum (m) 552
Emitter discharge, average (L/s) 0.7076 Emitter head differential, average (m)
Emitter discharge, maximum (L/s) Emitter head differential, maximum (m) 1426
Emitter discharge and head differential uniformity indicator parameters :
Uniformity coefficient, emitter discharge (-) Uniformity coefficient, emitter head diff (-)
Low-quart distr unif, emitter discharge (-) 0.368 Low-quart distr unif, emitter head diff (-) 0737
Ouput 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) 0] @ &) (6) @ @)
y o1 2 1 0 0.8483 28 29181 18187
2 2 3 2 0.8483 0.8483 29181 05 0
3 2 4 3 0.8483 1.6955 29181 3.0286 | 180.89
4 4 5 4 1.6955 1.6955 3.0286 05 [1]
5 4 6 > 1.6955 25418 3.0286 31317 17992
6 6 7 6 25418 25418 31317 05 0
7 6 8 7 25418 3.38712 31317 3.2274 17895 |,
1] m »
Additional output :
Number of active Prvs (-) Ii] Error, inlet head estimate (%) 0.0081
Number of passive Prvs (-) Error, inlet head estimate (m) 0.0016
Systems-Projects I I Input l [ Charts }
Output Data | Droptube-Prv-Emitter | SampleProject 1 =======> Alt: Highlight Access-Keys | Alt+Access-Key: Activate a Navigation Button

Figure 5. Output tabpage: features, layouts, and control elements

Table 3. List of the chart files of LincSys and description of their contents

File name Description of contents
ChartEgIHgIElv.Png Lateral elevation profile, hydraulic grade-line, and energy grade-line chart
ChartEmitDischarge.Png Emitter discharge profile chart

ChartEmitPrvinletSetPres.Png

Emitter head differential, prv-inlet, and prv-set pressure profiles chart®

ChartFhICum.Png

Cumulative friction head loss profile chart

ChartFhlPipeSeg.Png

Profile of friction head loss in lateral pipe segments

ChartFrictionFactor.Png

Darcy-Weisbach friction factor profile chart

ChartLatDischarge.Png

Lateral discharge profile chart

ChartLatPressure.Png

Lateral pressure profile chart

ChartLhiCum.Png

Cumulative local head loss profile chart

ChartLhIPipeSeg.Png

Local head loss in pipe segments profile chart

ChartVelHead.Png

Velocity head profile chart

@The chart depicts the emitter head differential, prv-inlet, and prv-set pressure profiles for the Droptube-Prv-Emitter system configuration option. For Drop tube-Emitter or Emitter-On-
Lateral system configuration option, however, the chart would show only the emitter head differential profile
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Figure 6. Charts tabpage displaying the lateral elevation profile, hydraulic gradeline, and energy gradeline panel along with features, layouts, and control elements of the tabpage

mnemonic device for the phrase ‘linear-move and center-pivot systems’. At the
core of the LincSys software is a pair of executable files: a hydraulic simulation
module, HydrSimLaterals.exe, and a graphical user interface (GUI), LincSys.
exe, through which the user interacts with the hydraulic module. The user
interface and the computational module were coupled through an application
programming interface and data exchange between them is effected through
text files.

The hydraulic module of LincSys, HydrSimLaterals.exe, is a numerical
model that solves the continuity and energy balance equations (for one-
dimensional steady pipe flow) to determine the lateral-wide distribution of
nodal heads and link discharges and other derived outputs, given model inputs.
Derived model outputs consist of the profiles of the hydraulic head, the lateral
pressure head, and the head differential across emitters and also the uniformity
indicators for emitter head differential and emitter discharge profiles. Model
input parameters include imposed inlet head, lateral diameter, pipe hydraulic
resistance characteristics, number of spans, lateral elevation profile, distance
of outlet ports from lateral inlet, and the hydraulic characteristics of pressure
reducing valves (where applicable), emitters, and of pipe appurtenances,
among others.

A unique attribute of the hydraulic module of LincSys, compared to earlier
models, is that it takes into account the effects of pressure reducing valves
(prvs), lateral geometric features, and of drop-tubes on the system hydraulics.
LincSys is capable of simulating the hydraulics of linear-move and center-pivot
systems with the following emission devices to meter outlet discharges along
the lateral: (i) prv-emitter assemblies fitted to the lower ends of drop-tubes;
(i) emitters attached directly to drop-tubes; or (iii) emitters placed directly on
lateral outlet ports.
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The GUI of LincSys consists of a Windows Form with four tabpages,
namely, the Systems-Projects, Input, Output, and Charts tabpages. Each
tabpage provides access to a particular set of program functionalities,
consisting of: project management, displaying and enable the editing of input
data, conducting simulation run, and displaying output data and charts. The
help utility of the LincSys software provides resources that the user can tap
into through tooltips, a dedicated Help menu that can be activated from the
Systems-Projects window, and a set of text files placed in various folders
during program installation. LincSys employs a mix of standard Windows
user interface controls to allow users to issue commands, navigate the user
interface, and access the program functionalities in each of the tabpages.

This manuscript is part | of a two-part paper and it presents a brief
description of the features, layouts, and functionalities of the GUI of LincSys
and a synopsis of the computational module. Part Il presents application
examples and a brief summary of results of model evaluation.

References

1. Gregg, T. “Water Conservation Best Management Practice Guide.” Report 362,
Texas Water Development Board, Austin, TX (2004).

2. FRIS. Farm and Ranch Irrigation Survey. Volume 3 - Special studies part 1 — AC-
07-SS-Washington, D.C. USDA National Agricultural Statistics Service (2008).
Retrieved from:  www.agcensus.usda.gov/Publications/2007/Online-Highlights/
Farm_Ranch_ and_ranch_ Irrigation_Survey/FRIS.txt

3. Granger, R.A. “Fluid Mechanics.” Dover Publications Inc., New York, NY (1995).

4. Kincaid, D.C. and Heermann, D.F. (1970). “Pressure Distribution on a Center-Pivot
Sprinkler Irrigation System.” Trans ASAE, 13 (5):556-558.


https://desertagsolutions.org/resource/lincsys
http://www.agcensus.usda.gov/Publications/2007/Online-Highlights/Farm_Ranch_ and_ranch_ Irrigation_Survey/FRIS.txt
http://www.agcensus.usda.gov/Publications/2007/Online-Highlights/Farm_Ranch_ and_ranch_ Irrigation_Survey/FRIS.txt
https://books.google.com/books?hl=en&lr=&id=o6fAL6bxLBIC&oi=fnd&pg=PA1&dq=5.%09Granger,+R.A.+(1995).+Fluid+Mechanics.+Dover+Publications+Inc.,+New+York,+NY.&ots=i1QuHuwwD8&sig=UnIEITHeqfqMZLFw7h6Kpw6t-T4
https://elibrary.asabe.org/abstract.asp?aid=38662
https://elibrary.asabe.org/abstract.asp?aid=38662

Zerihun D, et al.

Irrigat Drainage Sys Eng, Volume 11:3, 2022

10.

12.

13.

Chu, S.T. and Moe, D.L. “Hydraulics of a Center Pivot System.” Trans ASAE 15
(1972): 894-896.

Keller, J. and Bleisner, R. “Sprinkle and Trickle Irrigation.” Van Nostrand Reinhold,
New York, NY (1990).

Scaloppi, E. J. and Allen, R.G. “Hydraulics of Center-Pivot Laterals.” J Irrig Drain
Eng ASCE 119 (1993): 554-567.

Anwar, A.A. “Friction Correction Factors for Center-Pivots.” J Irrig Drain Eng ASCE
125 (1999): 280-286.

Valiantzas, J.D. and Dercas, N. “Hydraulic Analysis of Multidiameter Center-Pivot
Sprinkler Laterals.” J Irrig Drain Eng ASCE 131 (2005): 137-146.

Martin, D.L., Denis, C. K., and Lyle, W.M. Chapter 16. “Design and Operation of
Sprinkler Systems.” (eds. Hoffmann, G.J., Evans, R.G., Jensen, M.E., Martin, D.L.,
Elliott, R.L). Design and Operation of Farm Irrigation Systems 2" ed. MI, ASABE,
St Joseph (2007): pp.557-631.

Tabuada, M.A. (2014). “Friction Head Loss in Center-Pivot Laterals with Single
Diameter and Multidiameter.” J Irrig Drain Eng ASCE 140 (2014): 04014033.

Heermann, D.F. and Stahl, K.M. CPED: Center Pivot Evaluation and Design (2006).
Retrieved from: https://www.ars.usda.gov/plains-area/fort-collins-co/center-for-
agricultural-resources-research/water-management-and-systems-research/docs/
cped/

Fraisse, C.W, Heermann, D.F, and Duke, H.R. “Simulation of Variable Water

Page 10 of 10

14.

15.

16.

17.

18.

19.
20.

21

22.

Application with Linear-Move Irrigation System.” Trans ASAE, 38 (1995):1371-1376.

Zerihun, D. and Sanchez, C.A. Hydraulics of Linear-Move Sprinkler Irrigation
Systems, |. System Description, Assumptions, and Definition of the Hydraulic
Simulation Problem. J Irrig Drain Eng 8 (2019a): 235.

Zerihun, D. and Sanchez, C.A. “Hydraulics of Linear-Move Sprinkler Irrigation
Systems, II. Model Development.” J Irrig Drain Eng 8 (2019b): 236.

LincSys Software (2021). Retrieved from https://desertagsolutions.org/resource/
lincsys

Zerihun, D. and Sanchez, C.A. “A Software for Hydraulic Analysis of Linear-Move
and Center-Pivot Irrigation Systems.”: LincSys, II. Application Examples and Model
Evaluation (2022).

Microsoft Corportaion. Microsoft Visual Studio Community (2019), Version 16.4.
Microsoft Corporation. Microsoft Visual Studio Community (2017).

Zerihun, D. and Sanchez C. A. "Irrigation Lateral Hydraulics with the Gradient
Method." J Irrig Drain Eng 143 (2017): 04017023.

Hathoot, H.M., Abo-Ghobar, H.M. and Al-Amudi, A.Il. “Analysis and Design of
Sprinkler Irrigation Laterals.” J Irrig Drain Eng ASCE 120 (1994): 534-549.

Zerihun, D. and Sanchez C.A. "Field-scale sprinkler irrigation system hydraulic
model. II: Hydraulic simulation." J Irrig Drain Eng 140 (2014): 04014020.

How to cite this article: Zerihun, D and Sanchez C.A. “A software for hydraulic
analysis of linear-move and center-pivot irrigation systems: LincSys, I. User
interface and computational module.” Irrigat Drainage Sys Eng 11 (2022): 316.



https://elibrary.asabe.org/abstract.asp?aid=38034
https://agris.fao.org/agris-search/search.do?recordID=XF2016006384
https://ascelibrary.org/doi/abs/10.1061/(ASCE)0733-9437(1993)119:3(554)
https://ascelibrary.org/doi/abs/10.1061/(ASCE)0733-9437(1999)125:5(280)
https://ascelibrary.org/doi/abs/10.1061/(ASCE)0733-9437(2005)131:2(137)
https://ascelibrary.org/doi/abs/10.1061/(ASCE)0733-9437(2005)131:2(137)
https://elibrary.asabe.org/abstract.asp?aid=23699
https://elibrary.asabe.org/abstract.asp?aid=23699
https://ascelibrary.org/doi/abs/10.1061/(ASCE)IR.1943-4774.0000755
https://ascelibrary.org/doi/abs/10.1061/(ASCE)IR.1943-4774.0000755
file:///D:/RAM%20OFFICE/GPMP/IPAOM/IPAOM%20Volume.%2014.3/IPAOM%20Volume.%2014.3_AI/Hathoot, Helmi M., Hussein M. Abo-Ghobar, Ahmed I. Al-Amoud, and Fawzi S. Mohammad. %22Analysis and design of sprinkler irrigation laterals.%22 Journal of irrigation and drainage engineering 120, no. 3 (1994): 534-549.
file:///D:/RAM%20OFFICE/GPMP/IPAOM/IPAOM%20Volume.%2014.3/IPAOM%20Volume.%2014.3_AI/Hathoot, Helmi M., Hussein M. Abo-Ghobar, Ahmed I. Al-Amoud, and Fawzi S. Mohammad. %22Analysis and design of sprinkler irrigation laterals.%22 Journal of irrigation and drainage engineering 120, no. 3 (1994): 534-549.
file:///D:/RAM%20OFFICE/GPMP/IPAOM/IPAOM%20Volume.%2014.3/IPAOM%20Volume.%2014.3_AI/Hathoot, Helmi M., Hussein M. Abo-Ghobar, Ahmed I. Al-Amoud, and Fawzi S. Mohammad. %22Analysis and design of sprinkler irrigation laterals.%22 Journal of irrigation and drainage engineering 120, no. 3 (1994): 534-549.
https://elibrary.asabe.org/abstract.asp?aid=27960
https://elibrary.asabe.org/abstract.asp?aid=27960
https://www.researchgate.net/profile/Dawit-Zerihun/publication/356645943_Irrigation_Drainage_Systems_Engineering/links/61a67939b4bbff76e2799b32/Irrigation-Drainage-Systems-Engineering.pdf
https://www.researchgate.net/profile/Dawit-Zerihun/publication/356645943_Irrigation_Drainage_Systems_Engineering/links/61a67939b4bbff76e2799b32/Irrigation-Drainage-Systems-Engineering.pdf
https://desertagsolutions.org/resource/lincsys
https://desertagsolutions.org/resource/lincsys
https://desertagsolutions.org/resource/lincsys
https://ascelibrary.org/doi/abs/10.1061/(ASCE)IR.1943-4774.0001195
https://ascelibrary.org/doi/abs/10.1061/(ASCE)IR.1943-4774.0001195
file:///D:/RAM%20OFFICE/GPMP/IPAOM/IPAOM%20Volume.%2014.3/IPAOM%20Volume.%2014.3_AI/Hathoot, Helmi M., Hussein M. Abo-Ghobar, Ahmed I. Al-Amoud, and Fawzi S. Mohammad. %22Analysis and design of sprinkler irrigation laterals.%22 Journal of irrigation and drainage engineering 120, no. 3 (1994): 534-549.
file:///D:/RAM%20OFFICE/GPMP/IPAOM/IPAOM%20Volume.%2014.3/IPAOM%20Volume.%2014.3_AI/Hathoot, Helmi M., Hussein M. Abo-Ghobar, Ahmed I. Al-Amoud, and Fawzi S. Mohammad. %22Analysis and design of sprinkler irrigation laterals.%22 Journal of irrigation and drainage engineering 120, no. 3 (1994): 534-549.
https://ascelibrary.org/doi/abs/10.1061/(asce)ir.1943-4774.0000723
https://ascelibrary.org/doi/abs/10.1061/(asce)ir.1943-4774.0000723

