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Keywords

This research aims to create a user-friendly MATLAB Graphic User Interface (GUI) platform
that can be used to design a Pumped Storage Hydroelectricity (PHS). The research highlights the
environmentally friendly and effective nature of PHS systems, which are critical for sustainable
development, especially in rapidly advancing developing countries. Introducing a user-friendly
MATLAB GUI application aims to streamline the calculation of essential PHS design

Matlab
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components, promoting accessibility for users without programming expertise. MATLAB GUI
is a tool used to design user interfaces. It allows users to use the program interactively outside of
the MATLAB command line, using graphical elements and can be associated with MATLAB
codes. Thus, an interface design can be created quickly and effectively. The GUI developed as
part of this research can define all the components required to create the PHS system and produce
the same design specifications as those obtained through manual calculations. The GUI
implementation gives the same result as the manually calculated design. The result obtained
shows that the GUI interface works with high accuracy. As a result, it is thought that this model
can be used in energy management applications, with the belief that this study will save valuable
time and resources.

MATLAB GUI ile Pompal Hidroelektrik Enerji Uretimini Tahmin Etmek
Icin Hesaplama Araci

Makale Bilgisi

Oz

Aragtirma makalesi
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Diizeltme: 06/04/2024
Kabul: 03/05/2024

Anahtar Kelimeler

Bu aragtirma, Pompali Depolamali Hidroelektrik (PHS) tasariminda kullanilabilecek kullanici
dostu bir MATLAB Grafik Kullanict Arayiizii (GUI) olusturmayi amaglamaktadir. Aragtirma,
ozellikle hizla ilerleyen geligmekte olan iilkelerde siirdiiriilebilir kalkinma i¢in kritik Sneme sahip
olan PHS sistemlerinin ¢evre dostu ve etkili yapismi vurguluyor. Kullanici dostu bir MATLAB
GUI uygulamasinin tanitilmasi, temel PHS tasarim bilesenlerinin hesaplanmasini kolaylastirmay1

Matlab

GUI

Pompajli Hidroelektrik
Yenilenebilir Enerji

ve programlama uzmanligi olmayan kullanicilar igin erisilebilirligi tesvik etmeyi
amacglamaktadir. MATLAB GUI, kullanici1 arayiizlerini tasarlamak i¢in kullanilan bir aragtir.
Kullanicilarin programit MATLAB komut satir1 diginda grafiksel 6geler kullanarak etkilesimli
olarak kullanmalarina olanak tanir ve MATLAB kodlaryla iligkilendirilebilir. Boylece hizli ve
etkili bir arayliz tasarimi olusturulabilmektedir. Gelistirilen GUI, PHS sistemi olugturmak igin
gereken tiim bilesenleri tanimlayabiliyor ve manuel hesaplamalarla elde edilenlerle ayn1 tasarim
ozelliklerini iiretebiliyor. GUI uygulamasi, manuel olarak hesaplanan tasarimla ayni sonucu
vermektedir. Elde edilen sonu¢ GUI arayiiziiniin yiiksek dogrulukla ¢alistigini gostermektedir.
Sonug olarak bu calisma degerli zaman ve kaynaklardan tasarruf saglayacagi inanciyla bu
modelin enerji yonetimi uygulamalarinda kullanilabilecegi diisiiniilmektedir.

1. INTRODUCTION (GiRris) storage and power management. Energy, a

fundamental ~ requirement  for  sustainable

The increasing interest in renewable energy sources  development, can drive industrialization and overall
and the growing challenges related to climate progress in societies if provided promptly, in
change have led to a growing need for energy sufficient quantities, under reliable economic
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conditions, and with low environmental impacts. In
developing countries worldwide, energy demand is
rapidly increasing in parallel with population
growth, industrialization, and technological
advancements [1, 2].

Hydroelectric Power Plants (HEPP) are renewable
energy sources and, as such, do not produce any air
pollutants or toxic waste, enhancing energy security
and price stability. Hydroelectric power is a long-
lasting electricity source with low operational and
maintenance costs. While the initial investment cost
for hydroelectric energy may seem relatively high,
these projects have the lowest production costs and
are not dependent on foreign capital and support
when considering long-term economic assessments.
Hydroelectric power plants utilize a country’s
fundamental national and renewable resources.

A Pumped Storage Hydroelectricity (PHS) system
consists of two reservoirs designed to store
electrical energy in the form of gravitational
potential energy. Integral components include a
pump and a hydro turbine. In times of higher
electricity demand than supply, the system pumps
water from the lower reservoir to the upper
reservoir. Conversely, when electricity production
falls below demand, stored water is released back to
the lower reservoir through a hydro turbine,
converting it into energy [3]. Given the inherent
variability in energy production from renewable
sources across different timeframes, stable power
provision becomes a challenge. This underscores
the crucial role of energy storage solutions. In this
context, PHS emerges as a prominent and well-
established method of large-scale energy storage
technology [4]. PHS, commonly known as pumped
hydro storage, plays a pivotal role in balancing
electricity demand. The process involves utilizing
surplus electricity during low-demand periods,
typically at night, to pump water uphill into a
reservoir. Subsequently, during high-demand
periods in the day, the stored water is released
downhill, generating electricity. Despite the
additional energy required for uphill pumping at
night, the strategic shift in electricity availability
from nighttime to daytime imparts significant value

[5].

To develop PHS systems that perform well in the
real world, it is crucial to use a model that accurately
simulates their performance. The size of
components like flow rates, pumps, and turbines
must be determined accurately for designing and
implementing PHS systems. The more precise and
accurate the model, the more practical and realistic
the solution will be for achieving the optimal sizes

of these components. To this end, a user-friendly
Matlab Graphic User Interface (GUI) application
has been developed that provides quick results for
the basic components. MATLAB provides powerful
tools for creating graphical user interfaces, allowing
designers to create interactive applications that
incorporate buttons, sliders, plots, and other
graphical elements [6]. MATLAB GUIs are
typically created using the GUIDE (Graphical User
Interface  Development  Environment)  or
programmatically using MATLAB code. GUIDE is
a MATLAB tool for designing GUIs visually. You
can drag and drop components onto a canvas, set
their properties, and define their callbacks using a
point-and-click interface.

A GUI is an assemblage of interactive visual
elements that empowers users to execute actions
and access information  within  computer
applications [7]. GUIs eliminate the need to
remember specific commands, making it easier to
learn and use operating systems. The advantage of
GUIs is that users do not require any knowledge of
programming languages. These operating systems
are widely used in various sectors due to their user-
friendliness and aesthetically pleasing appearance

[8].

Extensive literature exists on MATLAB GUI;
nevertheless, due to its distinctiveness, this study
provides a concise literature overview of pertinent
hydropower investigations. Notable studies in this
context include the following: Wang and Qiu
developed a MATLAB-based GUI to optimize
sediment discharge and hydroelectric production in
reservoirs [9]. Tiwari et al. scrutinized a hybrid
plant through simulation modeling, delving into its
chemical dynamics via Watpro 3.0 industrial
software and investigating turbine management
using MATLAB [10]. Tengberg, in his master's
study, utilized MATLAB GUI for modeling the
output power of a hydroelectric power plant and
implementing an optimization algorithm [11].
Padmanadhan and Mohamad Nor, in their research,
concentrated on creating a GUI for designing a mini
hydroelectric power plant for the Pahang River in
Temerloh. The GUI streamlines the design process
by considering fundamental parameters like mass
flow rate, netload, generator and turbine efficiency,
and penstock size. The developed GUI effectively
identifies component properties for establishing the
mini  hydropower system and yields results
consistent with manually computed design
specifications [8].

This research aims to develop a user-friendly
interface that facilitates the calculation of various
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elements essential for designing a pumped-storage
hydroelectricity system, ensuring ease of use and
comprehension. The elements encompass power,
flow rate, net head length, generator, and turbine
efficiency. The article is organized as follows: (1)
Materials and Methods, where the methods
employed in the research, particularly the
calculations associated with pumped storage
hydroelectric power plants and the MATLAB GUI
interface, are detailed. (2) Results and Discussion,
where the research unveils and thoroughly
elucidates the outcomes of the analysis, delving into
their significance, implications, and potential
applications. (3) Conclusion: The article concludes
by summarizing the key findings and their relevance
in the context of planning a PHS system. This
structured approach helps the reader to understand
the research better, guiding them through the
study’s various components and conclusions.

2. MATERIALS AND METHODS (MATERYAL
VE METOD)

4 Ul Figure

Calculation Formula Graphic

Pump Reservoir

Diameter of pump (Dp) Evaporation

Velocity (vp) Precipitation
Head of pump Hr (m):

Efficiency of pump Hir (m):

ocflofloflof e

Gravity Huwi (m):

Calculate Hiwl (m):
Pump Power (kW) 0

Pump Flow Rate (Qp) 0 Hs (m):

Save data in table to excel (pump)

Calculate

The GUI application was developed using
MATLAB’s App Designer environment after
completing manual calculations. This stage is
critical to ensure accurate results. This GUI consists
of three sections: calculation, formula, and graphics
(Fig. 1). The final application calculates the
anticipated values for the design of a pumped
hydroelectric power generation system.

The calculation section comprises three main
categories: Pump, Reservoir, and Turbine. The
pump’s power required to pump water to the upper
reservoir is calculated in the pump section. The
volume of water to be collected is determined in the
reservoir section. The turbine section calculates the
net amount of energy to be produced by the system.

In this study, not all parameters required for PHS
design are processed into the MATLAB GUI
interface. Some necessary parameters (such as

Figure 1. The calculation section (Hesaplama béliimii)

2.1.Structure of Interface (Arayiiziin Yapisi)

2.1.1 Calculation Section (Hesaplama Béliimii)

The pump section is the first part of the calculation
process, which is designed to determine the output
power based on the physical data obtained from the
installation site. This data includes the incoming
flow rate, drop height, and pump efficiency. You
can save the results of different variations in an
Excel file located at the bottom of the pump section.
The input mechanical power (P,) of the pump can
be calculated using the following equation [12]:

penstock, and evaporation) were calculated
manually and entered into the system.
= a X
Turbine
0 Diameter of turbine (Dt) 0
0 Velocity (vt) 0
0 Hs (m) 0
0 Hil 0
0 Gravity 0
0 Efficiency of turbine 0
Calculate Q(t) 0
0 Turbine Power 0
Save data in table to excel (turbine)
Ppn
P 1
0 =5k (1)

Equation (1) reveals that n, (pump efficiency) is
dependent on Q, (pump flow rate (m%/s)), with the
efficiency-flow rate curve typically available in
manufacturers’ technical manuals. B, is pump
power (KW), p is the density of water (Kg/m?3), g is
the acceleration due to gravity (m/s?), and H, is
pump head (m).

Hp refers to the sum of static head (Hs) and head
loss (Hp) in pump mode (Equation 2).
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H, = Hg + Hp, 2)
Hs represents the vertical distance between water
levels in the upper and lower reservoirs. Hs, changes
depending on the rise and fall of the water level
during pumping and discharge of water. Hpy is
affected by changes in Qp and refers to hydraulic
losses due to friction between water and the inner
surface of the pipe and fittings.

Hy =K (3)
__ %
v= 0.257D2 )
K = Kpipe + Kﬁttings (5)
fL
Kpipe = D_pp (6)

In the above equations (3-6); v? is the velocity
(m/s), g is the acceleration due to gravity (m/s?), D,
is the diameter of the pump pipe (m), f is friction
factor (dimensionless), L, is pipe length of the

pump (m).

K refers to the total resistance coefficient of
resistance encountered in the system. It consists of
the sum of the resistance coefficients of the pipe
(Kpipe) and additional parts (Kfitings). Kopipe
specifically indicates the resistance coefficient of
the pipe and is determined using Equation (6).

The penstock is responsible for directing water
power to the turbine and reservoir, which are
located at the bottom of the pipe. It’s important to
consider the penstock diameter and minimum wall
thickness during the design process. The wall
thickness of the penstock is determined by various
factors, including the pipe material, tensile strength,
pipe diameter, and operating pressure. Equations 7
and 8 outline the formulas used to calculate the
penstock diameter [13-16].

n202L 0.1875
D, = 2.69( > (7)
net
D, + 508
tmin = :T (8)

Equation (7) shows that De is penstock diameter
(m), n is the manning coefficient, Q is the flow rate
(m¥s), L is the length of penstock (m), and Hpe is
the net head (m). In equation (8), tmin is the
minimum wall thickness (mm), and De is the
penstock diameter (mm).

The reservoir section entails a model designed for
estimating the volume of water stored in a reservoir.
This model employs formulas that consider various
factors, including inlet, outlet, and evaporation
losses, operating under the assumption of zero
leakage. The variables influencing these factors
encompass temperature, relative humidity, net
radiation, and wind speed. It is crucial to highlight
that precipitation plays a significant role in the
calculations, as it directly contributes water to the
reservoir. Since the management of the system
depends on the volume of stored water, precipitation
volume (Vpre) and evaporation volume (Veva) should
be taken into account in the reservoir model.

Veva(At) = mAAt (9)
vpre(At) = WAAI' (10)
Equations (9-10) show ET is reference

evapotranspiration (mm/hour), A is the area, | is
precipitation (mm/h).

These calculations serve the purpose of determining
both the water added to the reservoir and the
resulting volume of stored water. By measuring
water levels in the reservoir or obtaining data, Hs
required for various calculations and analyses can
be accurately calculated.

Hg = Hy + Hyy + Hyy — Hyy (11)

In PHS systems, the water level in the lower
reservoir (Hiw) varies depending on the inflow and
outflow of water. The input for the reservoir model
is Hw. Moreover, the water level in the upper
reservoir (Huw) can usually be calculated using a
special equation based on the volume-area
relationship of the reservoir. Here Equation (11) H,
refers to the vertical distance between the lower
reservoir and the upper reservoir while Hy is the
height (inside) of the lower reservoir. Taking these
factors into account ensures that the reservoir model
accurately represents water levels in both the upper
and lower reservoirs of the PHS system.

In this section, users manually input values for
evaporation, precipitation, and H, following which
the calculation button is utilized to determine the net
height (Hs) required for energy production.

The turbine section provides details about the hydro
turbine model and its correlation with the output
power (Py), flow rate (Qx), and turbine head (H). The
model computes the power output of the turbine,
factoring in its efficiency (n). The turbine head (Hy)
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is contingent on the loss of head between the upper
reservoir and the turbine outlet, calculated using the
Bernoulli equation. Moreover, the flow rate (Qy) is
influenced by the water levels in the reservoirs, with
water velocity linked to parameters such as turbine
valve opening and pipe diameter. Results from
various configurations can be saved in an Excel file
located at the turbine section's bottom. The turbine
output power generally (Py) can be determined using
the following equation [17]:

Py = QcHipgny (12)
The efficiency of the turbine, generator, and
transformer (1) is a multiplier for the head (H:). H:
is defined as the difference between the head loss
(Hu) between the reservoir and the turbine outlet and
the vertical head (Hs) between the water levels in the
upper and lower reservoirs. The flow rate (Q) is
contingent on the water levels present in the
reservoirs.

The turbine serves as a mechanism that transforms
water pressure into mechanical energy, which can
subsequently be harnessed to drive an electric
generator or other electrical devices. This
conversion unfolds through two primary stages.
Initially, the fluid dynamic power inherent in the
water is transformed into mechanical energy.
Subsequently, this mechanical energy undergoes
conversion into electrical energy [4]. Turbine-type
recommendations should be selected by using
turbine manufacturers’ tables.

2.1.2 Formula Section (Formiil Bliimii)

Figure 2 displays the formulas utilized in the user’s
initial calculation tab. This tab explains in detail
how to calculate the design parameters, specifying
the formulas used in these calculations. This method
intends to provide the user with an opportunity to
learn and comprehend the mathematical principles
behind the system.

4. Ul Figure — O
Calculation Formula Graphic
Formulas Utilized
Pump Reservoir Turbine
Pp=0p* p*g*Hpip Veva (Af=ET3.6% F10F6) At Qt=T/100 a\(2g(Hs-Htl ) )
Hp=Hs+Hpl a=025xgxDt"2
vore (A8)=I3.6% FI0F ~6) 441 a; area of the turbine pipe
Fp; Pump power Tv; the percent openness of the turbine valve
Op; pump flow rate ET; evapotfranspiration Hii: head loss of turbine mods
Hp:pump head L precipitation [mmi] -
Hpl: head loss of pump mods Turbine Penstock
H;statik head Hz=Prg-Eva+Hr+Huwl+Hlr-Hhwl Hil=Kv"2/2g
2. acceleration due to gravity (g = 9.8) [m/is2] E=Kpips+EKfitting
Hr; vertical distance berween the lower reservoir and Epipe=("Li}Dt
Pump Penstock the upper reservelr [in]
Huwl; water level in the upper reservoir [m] I friction factor

Hpl=Kv"22g
E=Kpipe+Kfitting
Rpipe=("Lp)Dp

I friction factor

Lp;pipe length of pump (m]

Dp, pipe diamster between the pump and the reservair
Kpipe; pipe resistance coefficient

Efitting; fittings resistance cogfficient

K resistance coefficient

v; water velocity

v=0p/(0.25*z*Dp"2 )

He

Hir; height of the lower reservoir
Hhwl; water level in the lower reservoir

Lit:pipe length of turbineg [m]

Dy, diameter of the turbine pipe [m]
Kpipe; pipe resistance coefficient
Kfitting; fittings resistance cogfficiant
K resistance coefficient

Hi=Hx-Hil

FPr=0t *Ht* p*g¥nr
Ht; turbine head [m]
nt; turbine efficiency

FPumping
Mow
direction

Turbine

B
=
is
g
g
e H———————Huw—

Figure 2. The formula section (Formiil boliimii)

2.1.3 Graphic Section (Grafik Blimii)

The Graph tab in Figure 3 graphically shows the
relationship between pump and flow rate and
turbine and flow rate. When the plot buttons on the
tab are clicked, the graphs of the relevant

relationships are displayed. This will help the user
gain insight into the pump and turbine efficiency of
the model because the graphs clearly show the
relationship between flow rate and efficiency.
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4. Ul Figure

Calculation Formula Graphic

Pp.Qp Graph

=
wn

=
-

| Plot (Pump) |

=
w

Pump flow rate (Qp)

e
P

Plot (Turbine

-
=
==

150 200

250 300

Pump Power (Pp)

Figure 3. The graphic section (Grafik boliimii)

3. RESULTS AND DISCUSSION (Sonuglar ve
Tartigma)

This section delves into manual and MATLAB GUI
calculations employed in designing a pumped
hydroelectric power plant. These calculations were
executed by collecting data from reliable sources.
The design assumed a constant output power of 1

MW and above. The design scenario was
formulated based on the information presented in
Table 1, which was instrumental in estimating the
design parameters.

Table 1. PHS design parameters (PHS dizayn parametreleri)

Item

Flow rate (m%/s)
Output power (kW)
Evaporation (m)
Precipitation (m)

The vertical distance between the lower reservoir and the

upper reservoir (Hr) (m)

Height of the lower reservoir (Hir) (m)
Water level in the upper reservoir (Hywi) (M)
Water level in the lower reservoir (Hwi) (M)
Efficiency of turbine (%)

Length of penstock (m)

Type of pipe

The MATLAB GUI app calculates the pump power
to pump the determined flow up based on the
vertical equation (1). When calculating pump
power, the diameter and wall thickness of the
penstock are critical parameters. This is an
important factor affecting the cost of determining
optimal penstock dimensions. For this purpose,
Equations (7) and (8) were used to achieve the
desired power. Additionally, the Manning
roughness coefficient (f) for stainless steel is
accepted as 0.010. [18, 19]

Value
Pump Reservoir Turbine
1.5 - 2.0
2,052.34 -- 1,000 kW
0.007 0.007 -
0.5 0.5 --
60 60 60
60 60 -
20 20 --
50 50 -
- - 90
100 -- 100
Steel -- Steel

The output power of the penstock was calculated
using Equation 7 and Equation 8 for the penstock
diameter and minimum wall thickness. After
performing calculations manually and using
MATLAB GUI, the value of P; was determined to
be 1174.45 kW through manual calculations and
11745 kW wusing the MATLAB GUI. The
negligible difference between the two results
confirms the proper functioning of the MATLAB
GUI. Furthermore, Padmanadhan and Nor have also
confirmed the similarity of these values in their mini
hydropower MATLAB GUI [8].
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The pumped storage project features an existing
lower reservoir, either natural or constructed. Daily
operations of the project encompass both electricity
generation and water pumping into the upper
reservoir, with both processes occurring on the same
day. Under favorable operating conditions of the
lower reservoir, pumping water to the upper
reservoir does not impact the lower reservoir’s
water level. The reservoir model takes into account
inflow, outflow, and evaporation losses to estimate
the water volume stored in the upper reservoir,
assuming zero leakage. As reservoirs typically have
an open upper surface, precipitation can raise water
levels, while evaporation can decrease them. The
evaporation amount is influenced by factors such as
temperature, relative humidity, net radiation, and
wind speed from the water surface. Precipitation
volume varies based on average annual
precipitation in climatic regions. To ensure accurate
energy management system calculations, both
precipitation and evaporation volumes should be
integrated into the reservoir model. In our case, as
these values were not incorporated into the
developed MATLAB GUI application, we
manually calculated them and entered the results
into the application. In addition, these values were
obtained from the General Directorate of
Meteorology in Turkey.

The hydro turbine unit plays a pivotal role in
converting stored energy into mechanical energy,
propelling the rotation of the shaft connected to the
generators. The turbine model outlines the process
through which Kinetic energy transforms electrical
energy, establishing the correlation among output
power (Py), flow rate (Qi), and turbine load (H).
Turbine efficiency (n) signifies the power loss
within the turbine due to mechanical and electrical
losses and delineates the proportion transformed
into electrical energy. In turbines, efficiency (1) is
contingent upon the flow rate (Qg, and
manufacturers furnish an efficiency-flow curve for
each turbine, illustrating its performance under
specific operating conditions. The overall efficiency
of a pumped storage system typically ranges
between 75% and 80% [20]. Finally, this section
necessitates the selection of the penstock diameter
and thickness, mirroring the requirements of the
pump section.

The power output of the penstock has been
computed using Equation 7 and Equation 8, taking
into account the diameter and minimum wall
thickness of the penstock. Table 2 juxtaposes the
results obtained from manual calculations
employing three distinct variables alongside their
corresponding outcomes from the MATLAB GUI.
To maintain consistency, the analysis maintained
constant values for evaporation and precipitation at
0.007 and 0.5 m, respectively, across all scenarios.
The turbine efficiency remained steadfast at 90%,
assuming consistent turbine performance. However,
it's noteworthy that the optimal turbine selection can
be made by scrutinizing the graphics provided by
turbine manufacturers.

The analysis delves into diverse operational
scenarios by manipulating the vertical distance
between the lower and upper reservoirs (H,), the
height of the lower reservoir (Hy), and the water
levels in both reservoirs (Hw and Huw). These
variations in the variables reflect distinct
operational conditions or scenarios. Three different
scenarios are examined in Table 2. These scenarios
include upper and lower reservoir volumes, water
level heights, and penstock length factors. Changes
in upper reservoir volume and upper reservoir water
level result in changes in static pressure (HSs).
Changes in Hs affect the powers of the pump and
turbine. Therefore, different values in Table 2 were
used to understand the changes that may occur in the
system.

Upon examining Table 2, it is evident that manual
calculations and the computational tool in
MATLAB GUI vyield different pump and turbine
output power results for various scenarios. The
values vary according to changes in system
parameters. It is observed that altering the length of
the penstock (80 m, 90 m, 120 m) leads to changes
in the power generated. This demonstrates the
significant impact of penstock dimensions on the
system and underscores the importance of
maintaining the structural integrity of the penstock.
Overall, the table illustrates how input parameters
influence the calculated pump power and output
power, with manually calculated results differing
negligibly from those in the MATLAB GUI.
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Table 2. Manual and MATLAB GUI results obtained with different values (Farkl: degerlerle elde edilen Manuel
ve MATLAB GUI sonuglari)

Item Manual result GUI result
Evaporation (m) 0.007 0.007 0.007 0.007 | 0.007 | 0.007
Precipitation (m) 0.5 0.5 0.5 0.5 0.5 0.5
The ver_tlcal distance between the lower 20 40 80 20 40 80
reservoir and the upper reservoir (Hy)
Height of the lower reservoir (Hy;) (m) 60 60 60 60 60 60
Water level in the lower reservoir (Hwi) (m) 30 40 50 30 40 50
Water level in the upper reservoir (Huw) (M) 20 20 20 20 20 20
Length of penstock (m) 80 90 120 80 90 120
Efficiency of turbine (%) 90 90 90 90 90 90
Penstock diameter (m) 0.635 0.633 0.63 0.635 0.633 0.63
Penstock min wall thickness (mm) 2.85 2.85 2.85 2.85 2.85 2.85
Pump power (kW) 1665.2 | 1859.182 | 2437.5 | 1665 | 1859.2 | 2437.6
Output power (kW) 841.21 1006.1 1510.2 | 841.18 | 1006.1 | 1510.1

4. CONCLUSIONS (SONUCLAR)

The outcomes reveal that the MATLAB GUI
application adeptly computes the output power for
the pumped hydropower system with precision. The
instructional value of the MATLAB GUI
application is evident in its demonstration of
formula utilization within the design phase, offering
a valuable learning experience. Nearly all sizing
techniques and formulas relevant to PHS have been
seamlessly incorporated into the MATLAB GUI.
Nevertheless, within the MATLAB GUI
framework, it is essential to formulate losses, such
as precipitation and evaporation, for any manually
inputted values of these parameters, ensuring the
development of a pertinent design proposal.

This simulation serves as a foundational illustration,
necessitating potential tailoring to align with the
specific requirements of your hydropower
calculations. It is advisable to contemplate the
inclusion of error-handling mechanisms, unit
considerations, and additional functionalities based
on the specific context. Importantly, one should
bear in mind that the actual hydropower calculation
formula might entail heightened complexity
contingent upon the distinctive characteristics of
your hydropower system, thereby necessitating the
corresponding adjustment of the available code
snippets.

As a result, manually calculated PHS system
calculations show that a more practical model gives
faster and more accurate results. However, while it
is recommended to use this model in energy
management applications, it is thought that

accelerating future work will save valuable time and
resources.

NOMENCLATURE (Terminoloji)

A Area

De The Penstock diameter (m)

Dp The pipe diameter (m)

ET Evapotranspiration (mm/hour)

f Friction factor (dimensionless)

GUI  Graphic user interface

G Acceleration due to gravity (m/s?)

Hp Head of the pump mode (M)

Hs The sum of the static head (m)

Ht Head of the turbine mode (m)

Hpi Head loss of the pump mode (m)

Hr Vertical distance between the lower
reservoir and the upper reservoir (m)

Huwi  Water level in the upper reservoir (m)

Hir Height of the lower reservoir (m)

Hw  Water level in the lower reservoir (m)

Hu Head loss of the turbine mode (m)

I Precipitation (mm/h)

K Resistance coefficient (dimensionless)

Kpipe  Pipe resistance coefficient (dimensionless)
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Fittings resistance coefficient

(dimensionless)

Kfitting

Lp Pipe length of the pump penstock (m)
L Length of the penstock (m)

PHS
Pt Output power (kW)

Pumped storage hydroelectricity

Pp Pump power (kW)

Qp Pump flow rate (m3/s)

Qt Turbine flow rate (m®/s)

Ty The percent openness of the turbine valve
(%)

v Water velocity (m/s)

tmin Minimum wall thickness (mm)
Mo Pump efficiency (%)

Nt Turbine efficiency (%)

p Density of water (Kg/m?)
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