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ABSTRACT

Energy goes a long way in affecting the lives of individuals,
companies and nations at large.
The discovery of electrical energy is the catalyst and driving
force for the transformation

from the crude age to the jet age. Hence, it is rightful to say,
that the steam power plant has seen positive improvements,
since the introduction of technology. This improvement covers
increased accuracy, elimination of time wastage, and room for
smarter research. This study involved the development of a
unique software that was used for the analysis of a steam power
plant. MATLAB a powerful programming language for
Engineers was used to create a standalone application, which
can be installed on computers and Android device. Matlab’s
guide was used enormously as well as GUI, but other functions
were created Also, the Steady State Energy Flow Equation was
used in writing the Matlab codes for the developed standalone
Rankine Cycle analysis software. The developed Standalone
software was tested by comparing the results obtained from the
software and the results from manual calculations The
percentage error difference between the developed standalone
and manual computation results of 0.0328% and 0.0395% was
obtained for thermal cycle efficiency and net workdone
respectively for a simple Rankine Cycle problem. Thus, this
revealed a high level of accuracy of the standalone software.
This software can therefore be recommended for classroom
demonstration in solving Simple Vapour Power cycles with
only two configurations (i.e. with open feed water heaters and
without feed water heaters).
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1. Introduction

Power generation, its demand and supply are some of the keys, if not the most important indicators
of economic and social prosperity and bliss for a nation and a country at large [1-3]. It is
unavoidably crucial and a necessity for human, industrial, military and a nation’s development and
growth in the long run. It is the aim of any developed or developing country like Nigeria in its
power sector to transmit power to all parts of its entity for the efficient distribution and satisfaction
of consumer demands. Therefore, power generation is an indispensable component to drive the
realization of these aims.

For the power sector to be effective, it has to do what it was built for. To boost the effectiveness
of the power sector, the steam power cycle was developed as a means to an end. The Steam power
generation although effective, still needs further work and advancement in the aspect of increased
efficiency output [4,5]. The 21st century has been termed the jet age for a reason, against earlier
centuries technology has evolved and changed the ways by which data and invention spread.
Recent survey shows an increase in the rate of transformation of Technology by an exponential
amount since the beginning of the 21st century and what has played a major part in this increase
in transformation is the advancement of technology through computers [6.7]. With the advent of
the computer, the computer became a ‘set’ having software as its ‘element’.

To design properly the equipment of any configuration of the Rankine cycle, four parameters
should be analyzed, that are: Heat supplied in the boiler; Work generated in the turbine(s);
Required work in the pump(s); and Thermal efficiency of the cycle. These parameters can be
determined in a thermodynamic simulation of the process.

Nowadays, many computer programs are available for this purpose, working with different
ranges and provides the user with simple configurations of the Rankine cycle. Previous work in
this light has been done titled “Thermodynamic Simulation of Steam Power Cycles using GUI-
Matlab Interfaces” by Arce and Nian [8]. It was aimed at Simulating different configurations of
Rankine cycle, which provided good results, showing that it can be used to improve the functions
of the equipment in these thermodynamic cycles and to support teaching disciplines of Applied
Thermodynamics. Earlier research work also showed that Magnus [9] developed codes to
determine the ideal regenerative Rankine cycle with one open feed heater. Similarly, Arnav Raj
Joshi et al. [10] modelled a steam power plant using Python software to solve its thermodynamic
problems and Ibikunle et al. [11] developed software for a waste-to-energy steam power plant
using Java script. These previous studies have revealed the importance of computer simulation
applications in steam power plants.

The previous studies reviewed looked at the various software simulation applications. One of the
problems identified was that the particular software is needed to carry out such simulation
operations. To address this problem a stand-alone software needs to be developed. The advantage
of the stand-alone software is that it can be installed in any window and can be utilized without
the primary use to develop it.

In this regard and to advance research in standalone software development a friendly standalone
software was developed using MatLab computer program. The developed software aims to
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simulate several configurations of Rankine cycles, by utilizing the mass, energy and entropy
balances in turbines, pumps, boilers and condensers in ideal and real situations.

2. Methodology

2.1 Simple Rankine cycle

A simple Rankine cycle power plant major components consist of feed pump, boiler, steam turbine,
condenser and generator. The schematic layout and T — s diagrams are illustrated in Figures 1 and
2 respectively.
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Figure 1. Schematic Diagram of a Figure 2. T — s Diagram of a
Simple Rankine Power Cycle Simple Rankine Power Cycle

From Figures 1 and 2, the different states are explained as follows:
1 — 2: High pressure water supplied by feed pump is heated and transformed into steam with
or without superheat as per requirement. This high pressure and temperature steam flow into in the
steam turbine. Heat added in boiler, for unit mass of steam (Qin) was determined as stated in
Equation (1) [12,13].

Qin=(h2—h1) 1)
2 — 3: Steam available from boiler flow into the steam turbine, where it's adiabatic expansion
takes place and positive work is developed. Expanded steam is generally found to lie in wet
region. Expansion of steam is carried out to the extent of wet steam having dryness fraction
above 85% so as to avoid condensation of steam on turbine blades and subsequently the
droplet formation which may hit hard on blade with large force [14]. Turbine work, for unit mass
of steam (Wout) was determined using Equation (2) [13].

Wout= (h2—h3) 2
3 — 4: Heat rejection process occurred in condenser at constant pressure causing expanded steam
to get condensed into saturated liquid at state 4. Heat rejected in condenser for unit mass (Qout)
applying Equation (3) [15].
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Qout= (h3— ha) )
4 — 1: Condensate available as saturated liquid at state 4 is sent to feed pump for being pumped
back to boiler at state 1. Pump work for unit mass (Win) can be evaluated using Equation (4) [16].

Win = (h1—ha) = va(p1 -ps3) 4)
The net work done (Whet) generated in a simple Rankine cycle can be mathematically obtained as
shown in Equation (5) [16]..

Whet = Wout — Win (5)

The thermal efficiency (1) and work ratio (WR) of a simple Rankine cycle power plant can be
obtained as shown in Equations (6) and (7) respectively as in [18,19].
The thermal efficiency is ratio of the net work done to the heat supplied by the boiler.

W

=" ©)
Qin
The work ratio is the ratio of the net work done to the work generated by the turbine.
WR = 7
W ()

out

The specific steam consumption by the steam power plant can be determined applying Equation

(8).
3600

SSC = (8)

net

2.2 Rankine Cycle Model with Open Feed Water Heater

Open feedwater (Direct contact) heating means that working medium emerging from the
condenser is preheated by mixing with the steam bled from the hot part of the turbine.
That is, the extracted or bled steam is allowed to mix with feedwater, and both leave the
heater at a common temperature. Open feedwater heaters are simple and inexpensive and
have good heat transfer characteristics [20]. They also bring the feedwater to the saturation state.
For each heater, however, a pump is required to handle the feedwater. This regenerative Rankine
Cycle is the modification of the simple Rankine cycle by adding an open feedwater heater and
additional pump. The schematic and T — s diagrams of the open feed heater Rankine Power Plant
are shown in Figures 3 and 4 respectively.
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Figure 4. Open Feedwater Heater Power Plant T — s diagram

As shown in Figures 3 and 4, the following parameters are evaluated applying Equations (9) to
(17) as follows [13]:

Heat Supplied (Q4s) in the boiler was determined using Equation (9).

Qi =hs—h, 9)
The work developed (Wout) by the steam turbine can be evaluated by applying Equation (9a)

W, =hs—h; +(1-y)x(h;—h,) (9a)
To determine the various pumps work (Wpiand Wy2) and total pump work (Win), Equations (10)
to (12) are used.

Wy =V x@A=y)x(p, = p) (10)
W, =v3x(p, — Ps) (11)
Vvin :Wpl +Wp2 (12)

The specific enthalpy of steam entry into the boiler at state 4 can be determined using Equation
(13).

h, =W_, +h, (13)
The net work done, thermal efficiency, work ratio and specific steam consumption for the Open
Feedwater heat Rankine Cycle power plant can be evaluated using Equations (14) to (17)
respectively.

Wnet :Wout _Win (14)
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W

Mo = = (15)
" Qe

WR = Dhet (16)
Wout

ssc = 3600 (17)

net

Assumptions made were as follows as stated in [21]:
1) Heat losses from the gas turbine power plant components are negligible.
2) Kinetic and potential energy components are negligible.

2.3 Conceptual Design

Open The Graphical User Interface is a MATLAB computer program that enables an individual
to communicate with the computer using objects [22]. These objects could be symbols, buttons,
visual metaphors, or pointing objects. Put differently, The Graphical User Interface, or GUI, refers
to the now universal idea of icons, buttons, etc., that are visually presented to a user as a “front-
end” of a software application. It encompasses pull-down menus, slider controls, and check boxes.
Conceptual design has three phases of interface design. The required basic input and output
parameters needed for the software are presented in Table 1.

Table 1: Software input and output parameters.

S/IN  INPUT OUTPUT

1 Pressure Work input, work output
2 Temperature Power

3 Username, password Efficiency

2.3.1 Design

In this design stage, the components, tasks and sequences are required to make the GUI effective
are considered. The paper and pencil method were used to achieve this task, which is the most
important stage. In the MATLAB software ““PENCIL” is needed to enhance the paper sketch.
Matlab has a great resource for a multipage software and ability to make each page communicate
with each other smoothly; although it is quite difficult and requires some tweak. The GUI
information for the software development is illustrated in Table 2.

Table2: GUI Layout Information.

SIN  FIGURE NAME SHORT DESCRIPTION
1 login allows user access through registration or login
collects data used to configure
2 plant layout :
and constrain plant layout
3 plant component  collects states variable for each
variables plant component
4 plant result displays the calculated result for the plant data supplied by the user
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2.3.2 Construction

MATLAB is a powerful mathematical tool for matrix calculations and almost any other
mathematical function required. MATLAB also has the ability to form windows like
applications with its programming language. In the design phase of a standalone application for
thermodynamic computation, a Graphical User Interface is an end product, there are different
methods that can be adopted using MATLAB as a model language. These different possible
methods range from the use of GUIDE Editor, to writing of MATLAB functions program or the
use of a recent app designer editor. To give a better exposure, the GUIDE system is adopted and
the steps involved which range from LAYOUT design, to CODING OF THE M.FILES and
IMPLEMENTATION, are as follows:

To initiate GUIDE , type guide in the MATLAB command window and press Enter key.
This will open the GUIDE Quick Start window as shown in Figure 5, where there are two
tabs (Create NEW GUI and Open Existing GUI). Under the Create New GUI tabs, four GUI
templates are available. Selecting the Blank GUI (Default) template and pressing Ok at the
bottom of the window opens the design window as shown in Figure 5.

- MATLAB 7.5.0 (R2007h) -

File Edit Debug Distributed Desktop Window Help
- .

@ ¥ ¥l & | Current Directory:| Ch\Users\Abiola PCYDesktopiS00leve\MATLAE PROJECT
e

m GUIDE Quick Start - o IEd

Create New GUI | Open Existing GU|

GUIDE templates

o\ Blank GUI (Defaulf)

o\ GUIwith Ulcontrols

o, GUI with Axes and Menu
A\ Modal Guestion Dialog

o
HelpN.. * |[¢n wb & | 2 4

[ save on startup as: |CllUsersifhiola PCDeskioplS0 MATLAR Function
Reference
£ "
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Open GUI Layout Editar

ok |[ cancel |[ Helm |

Syntax
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Figure 5. Untitled GUI

The GUI is not yet saved, so at the top of the window it is shown untitled.fig. Once the work
is saved the title of the GUI will be reflected here. *.fig is the extension of GUI figure files.
Generally, a GUI requires two files; the figure (*.fig) files where various components are
aligned and the code (*.m) files where the coding is done. There is also provision to run the
GUI using the single *.m file. At the top of the window Menu and Shortcuts can be found. To
the right there are some GUI controls which are very important to learn for building GULI.
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2.3.3 Login Figure

The login figure is the first component every user encounters. It serves to verify if the user is
a registered owner of the software. To be a registered owner, the individual has to have a
username, and a password registered in the database of the system as shown in Figure 6. If the user
is registered owner (has his details in the database), the login figure grants the user access to the
other part of the software, but if the user is not a registered owner, then the user has a choice to
either close the application or register. The login interface is presented in Figure 6.

Simasiak L anat AdA One  Hain

£ & login

. T
g | 3 l
1§ e Tl

Figure 6. Login interface.

The login figure has two text input widgets; these widgets have characteristics of the HTML
forms for obtaining data from the user. The first text input widget prompts the user to input

his username, and the second text input widget requests the user to input his password, the
password text is hidden so that external parties cannot view it.

The login figure also has two buttons, a register button and a login button. The login button collects
the data the user filled in the text input for username and password and compares it with database
values. If there is a match between inputted values and database values, then a message box appears
telling the user that his login is successful. However, if there is a mismatch, a message box appears
telling the user that his details are not correct. The register button gives the user a form to fill out.
The form includes data values for first name, last name, email, username and password.

2.3.4 Login Figure Code.

The login opening function is the function called when the login function opens. The background
picture is first set by calling the ‘axes’ inbuilt function, and setting any choice image using
“imread” inbuilt function. The function also loads user data into the figure as it opens, this allows
for future query of the data.

The register callback function is the function bound and connected to the register button, such that
any action such as a click on the button is recognized. This function defines the form that is to be

8
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filled by the user; in terms of questions that are to be asked and the display size of the form. It also
assigns variables to the answers the user inputted into the form. Last name stands for the users last
name, email stands for the users email etc. is an if statement that helps the figure to check if there
are missing values. It also checks if the user has entered the correct password by asking for the
password twice and comparing the data using ‘strcmp’ inbuilt function.

The login callback function is bound to the login button. It intelligently uses and if statement
to check if a username exists, and if it does exist, it goes further to check if the user’s password is
correct, it does all these by querying user filled data against the data already loaded from the
database. Another important highlight of the login callback function is its ability to open the next
figure and close the current figure. If it is empty then it should be created, but the current figure
should be closed.

2.3.5 Plant Layout Figure Components.

Figure 7 is display after the login figure, this figure is called plant layout figure because it shapes
the way the plant will be, the components it will have such as the number of turbines, if there will
be a feed heater or not. Hence, all relevant calculations depend on this figure; it is the backbone of
this study as is the setting configuration of an android phone. This figure defines for the plant, if it
will have open feed heaters or not, and in future modifications if the feed heaters will be open or
closed. The plant layout figure has two sections; the first section actually defines the plant
configuration and the second sections is the labelled ‘properties of steam’. This section allows the
user to view properties of steam without having to consult a steam table.

—_______ CYCLE COMPONENTS =

Welcome admin
COMPGONENT RETAILS PROPERTIES OF STEAM
oM R | [Eees Calpme: e e e e s e T
| 0.0200 17,5000 0.CC1C CO.E8CC TI410  23205e+02 Zm_ﬁ
NUMBER OF TURBINE(S) 7 | 8L 100GEC0  23063e-03 240703403

1
S E RIS AT IO 2OACIes0Y D 418AseNY LAl

| & | 4023%C DEEN 19EENC 1BBTAC0 22011es03 24286703 1
FEED HEATER(S) ? CYes @ No 1 9 § 00010 1467CC 191 7EC0 22484703 243722902 1F
| | DEEK 1002C  20SN0 220201 2440

76481 2514000 220430902

¥ LELEY) L L R R e 1]

ocen o7ear 804700  20°Z7cv03  2533Z:v02 S|
»

EVALUATE  SATURATED g wai~ ]| SUPERHEATED
Figure 7. Cycle Components Interface

For the first section of the GUI, a panel was created. A panel is a component used as a container
or placeholder for other components, which is simply its function. ‘Component details’ is the name
of the panel, and it holds various static texts and text inputs that are used to get data from the user.
The component details panel has a set of radio buttons, this radio buttons are used to determine if
the plant is going to work with just an evaporator or it is going to work with a superheater. The

9
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component details panel has an ‘edit’ button next to a static text called ‘boiler components’, this
edits button only appears if the user decide. to work with a superheated. The edit button provides
a form for the user to fill out; the form gathers information as if the user wants to have a reheat
heating system or just a simple boiler system. On the next line, there is a static text called “Number
of Turbines” and a text input by the side, the text input is used to get data from the user as to how
many turbines he requires. The next line in the panel holds the key to differentiating between two
configurations, a simple plant or a feed heater plant. The line has a static text called ‘Feed Heaters’,
and by the side, it has a radio button group which acts as a switch. Now if the user requires a feed
heater, then a new panel becomes visible, this new panel called ‘feed heater parameters’ contains
static text and text inputs used to collect and store values that will be required for calculations,
such as the number of feed heaters and number of feed pumps. However, if the user requires no
feed heater, then the new panel called ‘feed heater parameters will become invisible

2.3.6 Plant Layout Figure Code.

For complexity sake and for sake of brevity, functions used in the FIGURE code were enumerated
(the main element of a FIGURE is itself the functions used), than explaining lines of codes.
The function Plant_Layout OpeningFcn(hObject, eventdata, handles, varargin) is called
when the Plant Layout figure opens. This function sets the background picture of the figure
and it loads two excel files into the figure by saving them into variables, this allows the excel
data to be passed around different sections of the code. This excel files contains data for the
saturated properties of steam and for the superheated properties of steam, they only show up
when the corresponding buttons to active them are clicked.

The functions no_of turbines_Callback, no_of feedheaters_Callback,
no_of feedheater_pump_Callback ; are used to get the values of number of turbines, number of
feed heater pumps and number of feed heater pumps respectively, anytime the user inputs such
values. This functions also save the values of this digits into variables, this way values are available
to other sections of code.

The function btgrpl_SelectionChangedFcn(hObject, eventdata, handles) connects and binds
actions to the yes/no radio buttons. This function controls visibility of the feed heater section
for ease of use. If the user selects ‘No’, which means the user does not want to have feed
heaters in his plant, the feed heater section remains hidden. But if the user decides to have
feed heaters, he selects the ‘Yes’ radio button and the feed heater section appears, where the
user can configure the feed heater parameters to their choice.

The function btgp2_SelectionChangedFcn (hObject, eventdata, handles) connects and binds
actions to the Evaporator/Superheater radio buttons. They control the visibility of the edit button
and the clicking property of the yes/no radio button. If the user decides to work with an evaporator,
the edit button remains hidden and the yes/no radio button is active for clicking. But if the user
selects super heater, the edit button appears, and the user can input how many reheats he wants, at
the same time the yes/no radio buttons become inactive.

The saturatedbutton_Callback and superheatedbutton_Callback functions are similar in action.

The saturatedbutton Callback function is connected to the ‘saturated’ button, this function is
responsible for displaying properties of saturated steam on the figure table. Likewise, the

10
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superheated button Callback function is used to display the properties of superheated steam on the
figure table, and it is connected or bound to the superheated button.

The function evaluatebutton_Callback(hObject, eventdata, handles) is a utility function that
performs a number of things. First, it checks through all the user input if the choices are in tune,
also to see if errors exist. Combination choices such as reheating and feed heaters, uneven number
of feed heaters and pumps, uneven number of reheat and number of turbines, are cases the software
considers as errors. For instance, a user cannot have number of feed heaters as four and number of
feed heater pumps as seven. The software flags an error as a notification. The number of feed
heaters and pumps should tally to avoid errors. After concluding the necessary checks, the function
opens up the Plant Layout Variables figure and feeds it the data it has gathered from the user, it
automatically sets up the next figure so that the user is able to advance.

.t

4 Plant_Component_Verisbles X

RECORD TABLE clear || ’ CLOSE p
PMTERS PML | DESCRPTION PRESURE ‘B;R T[MPLR/-I:UR[ ’EP:THLLPV [!ITRC-PI‘ n_ssﬁnou‘
TURBINE PARAMETERS 1 E EDIT : }
CONDENSER PARAMETERS eDIT |
BOILER PARAMETERS EDIT 1
PUMP PARAMETERS 1 EDIT

‘ﬁ
UPDATE TABLE '

. R AR, 5 [ g

,
IR RS Gt

X
iz l_ 1oy 15
Figure 8. Record Table

The plant component variable figure is the calculation figure and has robust functions under
it. The Figure 8 has two sections, the first section contains component variables and data input.
Here the corresponding input and output temperatures and pressures are inputted for each
component, depending on the data gotten from Figure 7. If in the Figure 7 the number of turbines
was chosen to be 4, then the turbine component of the plant component variables figure will ask
the user for input and output values of pressure and temperature for both high pressure and low-
pressure turbine. But if the number of turbines chosen is 1, the only a high-pressure turbine will
be available for customization.

The Figure has the ability to get the corresponding entropy and enthalpy values for each
components state, it does this by calling multiple functions at the same time. After it does
that, it updates itself and the table it has. The figure is responsible for making robust calculations
for efficiency, work ratio, work done etc. the figure computes missing entropy values by applying
looping and conditional statements, since these entropy and enthalpy values are needed for
computation of other criteria. The second section of the figure holds a table for displaying the user

11
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input and the calculations that have been run for the various component enthalpy and entropy.
Lastly the figure is responsible for opening the next and final figure, it supplies data to the figure
and makes sure it opens in the best state.

2.3.7 Plant Variable Figure Components.

The plant component variable figure has a table element used for collecting and analyzing
user data, the table element data can be in form of a cell array, structure array and an excel
sheet. In this study cell arrays were chosen since the data can be manipulated more and have a
wide range of functions that work on them. The table element is so flexible that it allows the
Figure to update it using loops and conditional statement.

The Figure also has some buttons that are important to mention. The close button as the name
implies, closes the figure and opens the login figure so that the user can have another session
of usage. The clear button has the ability to clear the user data connected to the table; the
clear button gets called when the user wants to input a different set of data or when mistake
has been made. The update table button is the most important button in the figure, it holds the
key to everything including calculations, data update and calling different functions for error
checks. The update button is responsible for controlling the visibility of the result button. The
result button is responsible and in control of opening the next figure, it does important
calculations such as work input, work output, heat supplied, heat rejected calculations etc.
the various edit buttons are responsible for generating user forms for each component, the
user forms are customized to get user data for inlet and outlet component variables. The data
gotten from these forms are saved into variables, so that they can be passed around functions.
Other Figure components include static text explaining to the user which component he is
working with.

2.3.8 PLANT COMPONENT VARIABLES FIGURE CODES.

The function arranger(tdata,k,i,superheat,k2,satheat,handles,bt)’ is a function we created to work
with the turbine component. It takes saturated values of steam, superheated values of steam,
counter variable, number of rows of saturated and superheated steam values, user filled data gotten
from the form and gives a cell array called dhata as output. This function gets data from the user
for the turbine, specifically the pressure (and temperature in some cases), and checks if the user
wants to work with a turbine that gets heat from an evaporator or a super heater. If the heat supplied
is from an evaporator, the function intelligently uses saturated steam values to run its calculation
of entropy and enthalpy based on a certain pressure inputted by the user, it also knows how to get
the outlet values of entropy and enthalpy without much stress, since it has saturated values of steam
at hand. After necessary calculations, it updates and saves this data in a cell array. If the heat
supplied to the turbine is from a super heater, then the function knows that it is going to need both
saturated and superheated values for calculation. It is also able to calculate dryness fraction as well
as exit conditions of the turbine, and of course it needs both pressure and temperature values to do
its calculation. Interpolation for corresponding pressure and temperature values are also available
in this function. After calculating various entropy and enthalpy values, it updates the cell data and
saves it to a variable for future use.

12
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The function hl=superr(j,superheat,tdata) was created manually to work with the arranger
function.it is called by the arranger function any time superheated calculations and interpolations
are to be made. It accepts as input a counter variable; which keeps track of the position of data,
superheated steam tables and the user data, it returns the enthalpy of steam at a particular pressure
and superheat temperature as output.

The dhata=satliq(gg,tdata,k2,satheat) function is another function we created to help analyse
and calculate values for the condenser. The condenser is a component where heat is rejected
and the quality of steam is low(some degree of liquid). Since the condenser rejects heat, it
therefore means that based on rankine constraint or modification, the outlet of the condenser
will be liquid and the state of the fluid will be saturated liquid. Hence the function satliq, is
used to calculate entropy and enthalpy values at saturated liquid conditions for the condenser. It
also interpolates for pressures not included in the tables, and temperature values are not
important here.

The function newsat = saton(tdata,k2,satheat,al) was created as a means to analyse and calculate
data for pumps. Pumps are plant components that increase the pressure on a fluid
isentropically or adiabatically with a lower efficiency. Pumps used in the steam cycle work
with saturated liquid and thus the function “saton” uses saturated values of steam to make
necessary pump calculations, taking note of the volume at lower pressure and the pressure
difference. The function takes in saturated values of steam and a counter variable as input and
returns a data set as output. After necessary calculations, a variable saves the data and
updating the figure table commences.

The Plant_Component_Variables_OpeningFcn function is responsible for loading all the
components and elements needed by the figure before it opens. It also takes care of the background
picture for the figure, including the fonts, colour and other styling. It also
prepares the next figure, so that when updated data is ready, it can be open to accept it.

The function turbpbutton_Callback binds and connects actions to the turbine edit button. The
function creates a user form; this user form collects data about the high pressure and lowpressure
turbine. Data such as inlet pressure and temperature, outlet temperature and pressure
are needed for enthalpy and entropy calculations. The data gotten from the user resides in a
variable and is set for display by the figure table. This function also does error checking to
see if the user actually inputted values.

The condpbutton_Callback function behaves just the same way as the previous function. It is
attached or bound to the condenser button, such that whenever the condenser button is
clicked the function is called. It is responsible for creating a form that is able to gather
information about the condenser, information such as inlet pressure and temperature, outlet
pressure and temperature are also gathered although not necessarily important. It also
performs user checks to see if turbine data is non-empty; if turbine data is absent, an error
arises. Upon data collection, it updates the figure table to display the latest results.

The function boilpbutton_Callback(hObject, eventdata, handles) is responsible for generating

a form for collecting data related to the boiler or super heater, to this function inlet pressure
and outlet pressure is required but not a necessity, the data given here is updated automatically
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irrespective of values inputted by the user. This function also does checks for empty or unfilled
data and it updates the figure table after data acquisition from the user.

The function pumpbutton_Callback(hObject, eventdata, handles) is a more involving function
than the previous one, in that it serves to gather information about the feed pumps as well as the
boiler pump. It is able to differentiate if the plant has feed pumps or not. If the plant has no feed
pumps the runtime of the function is shorter than when the plant runs on feed heaters and feed
pumps. When the function is done collecting data, it updates the figure table

The function heaterbutton_Callback(hObject, eventdata, handles) collects data such as mass
flowrate entering the heater and pressure rating of the heater. This function is unique in the sense
that the user is aware of how many feed heaters are available and what info it needs. As usual, it
is able to update the table after necessary calculations.

The function closee_Callback(hObject, eventdata, handles) and other similar functions are
used for closing the figure, resetting the table data to have a blank appearance and over riding
the cancel button at the top of the figure. These functions are useful in ensuring smooth
exchange of data.

The function resultbutton9_Callback (hObject, eventdata, handles) is connected to the result
button as the name suggests. It is responsible for gathering the enthalpy value for each state
or component and making the corresponding calculation. These calculations include work
input, work output, net work done, heat supplied etc. After necessary calculations, variables
store the result of the calculations. This function also has as its responsibility, the opening of
the result figure, after it opens this figure it supplies the data it has to it, so that it can be
displayed by the figure.

The function updatebutton_Callback(hObject, eventdata, handles) is a robust function that
makes use of 80% of all the other functions explained for this figure. It does update of user
filled data by going through all the data the user has inputted, of course this is made possible
by using a for loop (a while loop is also an alternative. In the process of going through the
user it calls, other functions that it needs to help it make necessary calculations. For example,
when it gets to the data the user has filled for the turbine, it calls the arranger function to help
it gets the corresponding enthalpy and entropy values, it also knows how to treat high pressure
and low-pressure turbine. The same reasoning goes for the condenser and the pump, but when
it gets to the boiler, it just gets values from already updated data. Lastly, the function removes
empty data elements and replaces it with zero.

2.4 Developed software Testing

The parameters from a working power plant data from Onkar [23] as shown in Table 3 were
inputted into the software for validation purpose. Also, Equations (1) to (17) were used as manual
computation process for the data in Table 3. For the validation of standalone developed software,
the percentage error method between the standalone developed software and manual computation
processes was adopted as stated in [21,24-26]. Equation (18) was used to compute the percentage
error between the developed software output such as thermal efficiency and net work done
generated and the others methods parameters as expressed in [27].
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Actual _ Output —Model _Output «100% (18)

Actual _Output

%Error =

Table 3: Parameters Data Used for Testing the Developed Software

S/N  Parameters Value
1 Boiler Pressure (bar) 50

2 Condenser Pressure (bar) 0.05
3 Turbine Isentropic Efficiency 1

4 Turbine Isentropic Efficiency 1

3. Results and Discussion

The values from Table 3 were inputted in the standalone developed software following the
procedure described in Section 2.3 and the results obtained are display in Figures 9 and 10.

—Q:Pl“kcml.\’n“&' ) i i
1 R U b

PARAMETERS PANEL

' TURBINE PARAMETERS 1 -

CONDENSER PARAMETERS -

BOILER PARAMETERS -

| | | ! -
3 |CONDENSER inlet 5 - 2388.. 59737 8

—s e
PLANT DESIGN RESULT e
- HEAT SUPPLIED 265143 kj/kg

HEAT REJECTED 1682.3839 kj/kg
WORK INPUT 502  ki/kg

~ WORK OUTPUT 974.0661 kj/kg

. WORK RATIO 0.0051536
- WORK DONE 969.0462  kj/kg

G5l EFFICIENCY 036548 %

Iu:igaremlof ﬁlantnDegigFl Result
The results of the manual computation using Equations (1) to (17) as applicable are presented in
Table 4.
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Table 4: Results from Manual Computation

SIN Parameters Values
1 Boiler Pressure (bar) 50

2 Condenser Pressure (bar) 0.05

3 Specific Enthalpy at State 1, hy (kJ/kg) 142.84
4 Specific Enthalpy at State 2, h (kJ/kg) 2794.30
5 Specific Enthalpy at State 3, hs (kJ/kg) 1819.80
6 Specific Enthalpy at State 4, hs (kJ/kg) 137.82
7 Specific Pump Work, Win (kJ/kg) 5.02

8 Specific Turbine Work, Wout (kJ/kg) 974.45
9 Specific Heat Supplied in Boiler, Qin (kJ/kg) 2651.46
10 Specific Heat Rejected in Condenser, Qin (kJ/kg) 1681.98
11 Net Workdone, Wnet (kJ/kg) 969.43
12 Thermal Cycle Efficiency (1) 0.3656

The test results comparing the Developed standalone software and manual calculation using
Equation (18) are presented in Table 5.

Table 5: Percentage Error Results

S/N  Output Parameters Standalone Software Manual % Error
1 Net workdone (kJ/kg) 969.0462 969.43 0.0395
2 Thermal Cycle Efficiency (1) 0.36548 0.3656 0.0328

Parameters from a steam power plant was analyzed using both manual calculation and the
developed software. Important parameters suitable for design computation were adopted,
neglecting losses and energy changes as assumed. As obtained from Table 5, both the manual and
software solutions produced an efficiency of 36.56 % and 36.548 % respectively with a percentage
difference as low as 0.0328% which is a high level of accuracy. Similarly, the net workdone
obtained for the developed standalone software and manual computation are 969.0462kJ/kg and
969.43kJ/kg respectively with a percentage error of 0.0395%. The test results obtained for the
developed standalone software showed they in the same region as the research works of Egware
et al. [21]; Miguez Da Rocha [24], Wallentinen [25]; and Egware and Kwasi — Effah [26] that
deployed similar test method in their previous study. This means that the software can be used and
applied for power plants simulation operations since the values of errors obtained are small. This
software with help to reduce the cumbersome involve in steam power plant output manual
computation. Thereby, it will be recommended for use in institutions of learning, as its positive
effect in engineering education will be enormously felt.

4. Conclusion

A standalone software using MATLAB was developed. The software accepts input and output data
in numeric and text for various ideal steam power cycle cases. Data handled include condenser
and turbine inlet temperatures, pressure, mass flow rate, heat supplied, network, power, efficiency,
and outlet to the turbine. The developed software was used to compute for the following cases:
simple system, system with reheat and regeneration, and open feed heater configuration. This
software is also capable of displaying steam properties and some charts. The developed standalone
software was tested with real-time data, and its results were satisfactory. This software could serve
as one of the needed tools by Power plant designers and maintenance engineers, in making
necessary calculations and decision-making for the design and maintenance of Steam power plants
which could improve the generation of electrical power in Nigeria.
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Nomenclature

hn Specific enthalpy (kJ/kg)

Sn Specific enthropy (kJ/kgK)

Pn Pressure (bar)

Tn Temperature (°C)

Win Work input (kJ/kg)

Wout Work output(kJ/kg)

Qin Heat supplied(kJ/kg)

Qout Heat rejected(kJ/kg)

v Specifc volume (m3/kg)

WR Work ratio

n Thermal cycle efficiency

SSC Specific steam consumption (kg/kWh)
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