e ilgda (SaiSdiylys s§Sily

Fes ¥y ERBIL POLYTECHNIC UNIVERSITY

Experimental and Numerical Investigation ofSolar
Photovoltaic PanelUsing Back SideWater Cooling
Chamber

A Thesis

Submitted to the Council of the Erbil Technical Engineering
College at Erbil Polytechnic University iartial Fulfillment of
the Requirements for the Degree of Master of Science in
MechanicalandEnergyEngineering
By:
llaf Nawzad Rasool
B.Sc. in Refrigeration and AiConditioning Engineering TechniqueX14
Supervised by

Assgst. Prof. Dr. Ranj Sirwan Abdullah

ERBIL KURDISTAN

March 203



DECLARATION

1 declare that the Master Thesis entitled Experimental and Numerical
Investigation of Solar Photovoltaic Panel Using Back Side Water Cooling
Chamber is my own original work, and hereby I certify that unless stated, all work
contained within this thesis is my own independent research and has not been

submitted for the award of any other degree at any institution, except where due
acknowledgement is made in the text.

Signature:

Student name: Ilaf Nawzad Rasool

Date: 25- 4 - 2¢ 13




LINGUISTIC REVIEW

| confirm that | have reviewed the thesis titledperimental and Numerical
Investigation of Solar Photovoltaic PanelUsing Back Side Water Cooling
Chamber and Testing from the English linguistic point of view, and | can confirm

that it is free of grammatical and spelling errors.

f
Signature:/.x/l/»‘ér
Reviewer name: Jack C Wynker

Date:



SUPERVISOR CERTIFICATE

This thesis has been written under my supervision and has been submitted for the
award of the degree of Master of Science in Mechanical and Energy Engineering

with my approval as a supervisor.

Signature:

Name: Assist. Prof. Dr. Ranj Sirwan Abdullah
Date; 285 -9~ 2013

I confirm that all requirements have been fulfilled.

Engineering Technigues
Signature: Department

Name: Assist. Prof. Dr. Ahmed Mohammed Adham

[ Mechanical and Energy

Head of the Department of Technical Mechanical and Energy Engineering

Date: ZS/q J 802

I confirm t ments have been fulfilled.
Signature: S

e

Name: Mr. Byad Abdulgader Ahmed

Postgraduate Office
Date: Z 5 ’L/ -0 2‘%‘




EXAMINING COMMITTEE CERTIFICATION

We certify that we have read this thesis: Experimental and Numerical
Investigation of Solar Photovoltaic Panel Using Back Side Water Cooling
Chamber and as an examining committee, examined the student (Ilaf Nawzad
Rasool) in its content and what related to it. We approve that it meets the standards
of a thesis in terms of scope and quality for the degree of Master in Mechanical

Engineering.

Signature: % Signature: )

Name: Assist. Prof. Dr. Ahmed M. Adham Name: Assist. Prof. Dr. Ayad Y. Abdullah

Member Member / 6 —4 . 20 2>

Date: li] 4§ / 2022 Date:

Signature: : Signaturer ———
Name: Assist. Prof. Dr. Ranj S. Abdullah Name: Assist. Prof. Dr. Rizgar B. Weli

Member & Supervisor Chairman

Date: 12 /6111023 Date: I’L/L/ /{__a’l_}

Signature: ; i; ;"

Name: Prof. Dr. Ayad Z. Saber Agha
Dean of Erbil Technical Engineering College
Date: 25-~04 -~ 20273




DEDICATION

This dissertation is for my family. Thank you for giving me the support | need to

reach my dreams and finish my dissertation. | am grateful to have them all.

To my beloved husband (Muhammad) who has been a constant source of support
and encouagement during my studies. | am truly thankful for having you in my

life.

To my sisters and brother, whose support, understanding, and belief in me made

me proud of the work that | have produced.

To my great treasure, my daughters (Dania and Delan)



AKNOWLEDGMENT

First, | would like to express my endless appreciation to Almighty Allah and be
very grateful for whatever He gave me throughout my research. Nevertheless, peace
be upon our messenger, leader, and guide Mohammed, and very gratéfsl fo

treasure of advice and guidance he left for us.

| would like to express my deep gratitude to my supervisor, Asst. Prof. Dr. Ran;
SirwanAbdullah, for his valuable help and encouragement during the project. His
advice, careful inspectiomcademigyuidanceand scientific approach have helped

me a lot to finish this thesis.

I'd also like to thank my husband (Muhammad), and my daughteisg[and
Delan), as well as my siblings and the rest of my familyalaaystheir supporting
my project and cheering me on during this study. Thank you, especially, to my

mother;herprayersfor me have kept me going this far.

| would like to thank Dr. Ahmedlead of the Department @echnicalMechanical
and Energy Engineering, who was very helpful. | would also like to thank Dr.

Hemin, head of the Research Center, who was helpful during the experimental study.

Finally, I'd liketo express my gratitude and appreciation to all of my colleagues and
friends, especially (Miss Sally and Miss Esra), for their assistance throughout my
research and for the information they provided that was useful to me. Your

understanding of my situah was one of the major sources of my success

VI



ABSTRACT

One of the biggesproblems in the worldhat we live in nowadaysis the
environmental pollution caused by an overconsumption of enéfiggn fossil fuels

are burned to generate enerngemitsCO,, which is a leading cause of air pollution
Solar energy has the potential to replace fossil fuelsnaaltarnativesource of
renewable energyA photovoltaic solar system is one type of solar system that can
convert the sun's light into eleicial energyOne of the issues with Ppanelis the
high temperatureof PV cells especially in summer season when the ambient
temperatureanriseu p t o As$h8 temperature of solar modules increases, both
the output power and the efficienof PV paneldecreaseTo improve overall
performance while extending the solar moduldsspan this study proposes
lowering photovoltaiccell temperaturdy using water cooling chambimstalled at

the back side of the PV pan&he proposed solar parvehsdeveloped andesigned
through both experimentatudyand ANSYS Fluent simulatiohe photovoltaic
module that was designed has a watasling chamber for the purpose of providing
coolingunder the condition of Erbil citylThe rear side of the phmtoltaic panel is
cooled using water cooling chamb&he watercooling chamber cambsorbheat
dissipationfrom thephotovoltaicpanel. The proposectooling system for the solar
panel is a closed cycle, and the cooling wegen contactwvith the back of the PV
panel at different flow ratesAccording toexperimental setyphe maximum water
flow rate of 3.5 I/min gives the optimal heat transfer rate. Finaligsults
demonstrated an improvement in electrical efficiencyheyfollowing percetages
10.42%, 11.87%, 13.77%, 18.09%, and 19.72% vithemvatervolumeflow rates

of 1.5, 2, 2.5, 3, and 3.5 I/mirespectivelywere appliedMeanwhile, he thermal

efficiency of the PV systenms 49.7%with a water flow rate of 1.5 I/mirand, the
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themal efficiencyrecorded79.2% when the systeoperaédat a flow rate of 3.5

[/min.
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CHAPTER ONE

INTRODUCTION

1.1 The Background

The residential sectoconsumes a significant amount of overall energy,
accounting for nearly onthird of global energy consumptiofoday, the energy

sectordivided into two types: norenewable and renewable.

Nonrenewable sources of energy pollute the environment and lented
resourcesNon-renewable resources, like coal, fossil fuel oil, natural gas, etc., can
always be taken oditom the earthbutit will run out over timeMost ofthe power
generation comes from the combustion of fossil fuels. Fossil fuels ceulerage
high amounts of energy from a single sourééso releaseCO2, which is the most
significant cause of air pollutiorf.his has aided in the rate of global warming. In
addition, they might cause problems for people's hg@ltiel and Beik, 2021
AHMED et al, 202Q. While renewable energy sourcesay consider as an

alternativefor using the traditional source of enerdgssil fuel)

A renewable resource has a natural resource tlthb e saffectt on the
environment. Renewable sources are abundant in nature and are environment
friendly. The most common kinds of renewable epeng as followsSolar energy

geothermal energywind energy, biomass energy, and the hydropower energy.



Solar energy isonsidered as the most ancient soudceinstrumenthatconvers
thesolar radiation into thermal energy or electrical enéggglledasolar collector.

A photovoltaic solar panel is one kind of satatlector.

Figure 1.lillustrates that thérown placeshave plentyof solar energy resources,
while in the lightcolored places' solar energy is not suitable for photovoltaic
systems. The world's best areas for total solar intensity and periods of sunlight
include North Afri@, the Middle East, Mexico, and the United States southwest;
Europe's south; Africa; South America; and China's western regions (Wang and Lu,
2016).Therefore Irag and our regions considered as a suitable regitninstall

photovoltaicpanels fowtilizing thesolar energy.

Figure 1.1 Direct solar irradiation maps from around the wdidang and Lu, 2016

Due to rapid growh in theinfrastructure oferbil city, the needor of electrical
power has increased dramaticallyMinistry of electricity) Therefore, finding
alternative sources of enerd¢pmasbecome a crucial factolfhe sunand the solar

radiationcan providehe planet with evemore energy thait is required or usk











































































































































































































































































































































































