
Innovation and Technology

Volume 1, 23-24

 Pride of today and the future of tomorrow

The official magazine for graduation projects of 
Mechanical Engineering Department 

College of Engineering
Mechanical Engineering Department





About Innovation and Technology About Innovation and Technology About Innovation and Technology 

Innovation & Technology is the official magazine for projects of the 
Mechanical Engineering Department. It aims to publish state-of-art 
knowledge in the following fields:

Innovation & Technology magazine offers an online platform facilitating
 the effective exchange of innovative scientific and engineering ideas 
and the dissemination of recent, original, and significant research and
 developmental findings



ContentsContentsContents

Fahad Alotaibi, Faisal Alrwuais, Abdekader Abdullah, Umar Alqsair

Abdulhadi Baskran, Rayan Alzuayr, Ali Abd El-Aty, Bandar Alzahrani, Mohamed Zaky

Sohib Zaki, Abdulmajed Alharbi, Mohamed Zaky, Kamel Touileb, 
Bandar Alzahrani, Ali Abd El-Aty

Nawaf Saad Alshmrani, Rashed Shujaa Aldosari, Hussein Alrobei, Rachid Djoudjou, 
Abousoufiane Ouis, Kamel Touileb

Sultan A. Alotaibi, Khalid A. Aloahtani, Fehmi Najar

Mohammed Abu Hajer, Abdullah Matar, Mukhtar Fatihu Hamza 

Abdulaziz Almaymuni, Fahad bin Lebdah, Lamjed Hadj-Taieb, Habib Benbacha

Mohamad Qosadi, Sulaiman Almoatham

Salman Almalki, Faisal Alsaif, Ibrahim B. Mansir

Fahad Albuwardy, Abdulelah Alaskar, Ali Alamry, Mohammad Zaky, Hussein Alrobei

Omar A. Almalki, Muhanna M. Aldosari, Abdulkarim A. Aldarwish,
 Abdullah H. Alshehri, Mutabe S. Aljaghtham



Volume 1: PP 1-2  Innovation and Technology Magazine   2023 - 2024 

  

The Official Magazine for Graduation Projects of the Mechanical Engineering Department  1 

 

Design and Manufacture a New Prototype of a Corrugated Convex Shape Absorber 

Solar Still for Water Desalination

Fahad Alotaibi1, Faisal Alrwuais2, Abdelkader Abdullah3, Umar Alqsair4  

Department of Mechanical Engineering, College of Engineering in Al-Kharj, Prince Sattam bin Abdulaziz University, Al-Kharj 

11942, Saudi Arabia  
1 441050383@std.psau.edu.sa; 2 441051579@std.psau.edu.sa; 3a.abdullah@psau.edu.sa;4 u.alqsair@psau.edu.sa  

 

Abstract: Solar stills, the most fundamental technology for 

harnessing solar energy for freshwater acquisition, utilize a 

straightforward process. Sunlight directly evaporates fresh 

water from seawater or brackish water sources. This study 

investigated the potential for augmenting solar stills' 

productivity and thermal performance. To achieve this 

objective, a novel design, the V-corrugated absorber solar 

still (VCASS), was employed. The V-corrugated absorber 

serves the dual purpose of significantly increasing the surface 

area dedicated to evaporation while concurrently reducing the 

thickness of the brine layer. This innovative design resulted 

in a remarkable enhancement in freshwater production. The 

VCASS achieved a superior freshwater productivity of 5863 

mL/m². day, surpassing the conventional solar still's (CSS) 

output of 1538 mL/m². day by a staggering 281%. These 

findings not only demonstrate the efficacy of the V-

corrugated absorber design in enhancing solar still 

performance but also offer a promising avenue for further 

development in clean water production technologies, 

particularly in regions with limited access to freshwater 

resources. The implementation of VCASS technology has the 

potential to provide a sustainable and efficient solution for 

addressing global water scarcity challenges. 

Keywords: desalination, solar energy, solar still, v-corrugated 

absorber, phase change material. 

1. INTRODUCTION 

The scarcity of fresh water is a growing global challenge, 

particularly in arid and semi-arid regions [1]. Desalination 

technologies offer a promising solution to address this issue. 

Among them, solar stills present a sustainable and low-

energy approach for water desalination, utilizing solar energy 

to evaporate saline water and condense the clean vapor. 

However, conventional solar stills often suffer from 

limitations in efficiency. This research project aims to 

overcome these limitations by developing a novel prototype: 

a corrugated convex shape absorber solar still. This design 

incorporates two key features: 

Corrugated Absorber: The corrugated surface area increases 

solar energy absorption compared to a flat plate, enhancing 

water evaporation rates. 

Convex Shape: The convex shape concentrates incoming 

sunlight onto the absorber, further amplifying the solar 

energy capture and thermal efficiency. 

This project investigates this innovative solar still prototype's 

design, fabrication, and performance evaluation. We 

anticipate that the corrugated convex shape absorber will 

significantly improve water production compared to 

traditional solar stills. The successful development of this 

prototype could contribute significantly to advancing 

sustainable desalination technologies, particularly in regions 

with abundant solar resources and limited access to fresh 

water. 

 

Fig. 1. Schematic diagram of tubular solar still with v-corrugated 

absorber. 
 

A beacon of hope emerges from solar desalination in arid 

regions with abundant sunshine. This environmentally 

friendly technology harnesses the Gulf's potent solar energy 

(reaching 2400 kW/m²) to transform seawater into life-

sustaining freshwater. Through advanced evaporative and 

condensation processes, solar desalination offers a 

sustainable and cost-competitive solution to water scarcity. 

[2]  
 

 
Fig. 2. Solar radiation distribution over the Middle East region [2] 

 

Thus, the objectives of this project based on the above 

discussion are to investigate a compact solar design with a V-

shaped corrugated absorber to significantly increase 

freshwater production, improve efficiency, and reduce heat 

loss.  
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2. V-CORRUGATED ABSORBER DESIGN 
 

The core component of this solar still is the V-corrugated 

absorber, which is crucial for desalination. This innovative 

design features a V-shape that significantly increases its 

surface area compared to traditional flat-plate absorbers. This 

expanded area effectively captures more incoming solar 

radiation, which is then transferred to the saline water within 

the basin. The chosen material for the V-corrugated absorber 

is cold-rolled steel, ensuring compatibility with the final 

design and offering superior advantages. This combination of 

increased surface area and optimal material selection 

maximizes sunlight absorption for efficient water 

evaporation. 

3. V-CORRUGATED ABSORBER SOLAR STILL 

 The meticulous fabrication of each component – the V-

corrugated absorber, freshwater collection basin, 

polycarbonate cover, and wooden base – culminated in a final 

assembly stage precisely integrated into a functional solar 

energy collection system. This process involved careful 

adherence to a pre-defined assembly plan to ensure proper 

alignment and secure attachment of each element. The 

comprehensive design and implementation of the V-

corrugated absorber system ensured its optimal functionality, 

culminating in exceptional solar energy collection efficiency. 

 

 
Fig. 3. V-Corrugated absorber solar still prototype. 

4. EXPERIMENTAL WORK  

The experiment tested a new solar still design (VCASS) in a 

natural setting at Prince Sattam bin Abdulaziz University in 

Al-Kharj on May 9th, 2024, from 8 AM to 4 PM. The focus 

was on how well the VCASS captured sunlight and produced 

freshwater compared to a traditional design (CSS) under 

identical conditions. Data on solar radiation, temperatures, 

and freshwater output was collected throughout the day. 

5. RESULTS AND DISCUSSION  

V-corrugated absorber solar still (VCASS) significantly 

outperformed the conventional solar still (CSS) in freshwater 

production (5863 mL/m². day vs 1538 mL/m². day). This is 

due to the VCASS's increased surface area, improved heat 

transfer, and enhanced convection.  
 

 
Fig. 4. Experiment Setup 

 

 

 

 
 

 

 

 

 

 

 

 

 

Fig. 5. Accumulated productivity graph for CSS and VCASS. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Temperature and solar irradiation graph for CSS and VCASS 

CONCLUSIONS 

Experiments conducted with a V-corrugated absorber solar 

still (VCASS) yielded significant results. The VCASS 

demonstrated a 281% increase in freshwater production 

compared to the conventional solar still. This improvement is 

attributed to its novel design, which enhances evaporation 

and heat transfer processes. The research underscores the 

efficacy of geometric modifications in optimizing solar still 

performance, with the VCASS achieving a daily efficiency of 

37.13%, markedly surpassing the 9.74% efficiency of the 

conventional still. Future research can explore the (VCASS) 

performance under varying conditions and optimize its 

design for even better efficiency. 
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Abstract: This project focuses on implementing green 

manufacturing practices to fabricate environmentally friendly 

tiles using recycled tires. The objective is to design and 

optimize the manufacturing process to produce high-quality 

tiles while minimizing environmental impact. The effects of 

temperature, pressure, and holding time on the production 

process were explored through systematic experimentation 

with molds of varying sizes. After rigorous testing, the 

optimal parameters were determined: a pressure of 5 tons at 

350°C for 60 minutes. This resulted in the production of 

durable tiles that meet environmental and performance 

standards. The success of this project not only demonstrates 

the feasibility of repurposing discarded tires but underscores 

the potential of green manufacturing in promoting 

sustainability and responsible resource management. There 

are opportunities for further optimization and expansion, 

including scaling up production. Overall, this project 

exemplifies the intersection of innovation, sustainability, and 

social responsibility, showcasing the transformative potential 

of green manufacturing practices. 

Keywords: tires upcycling, green manufacturing, Rubber tiles, 

mold development, environmentally friendly product. 

1. INTRODUCTION 

Saudi Arabia confronts a critical challenge in effectively 

managing the surge in waste volume, primarily originating 

from vehicles and industries, and is expected to escalate with 

a projected population of 35 million by 2030. The absence of 

efficient waste management strategies, mainly for automotive 

waste and industrial by-products, severely threatens 

environmental sustainability and public health. This pressing 

issue is exacerbated by the absence of structured recycling 

programs, innovative technologies, and regulatory 

frameworks, intensifying environmental degradation through 

air and water pollution, soil contamination, and increased 

proliferation of disease vectors. The urgent need for a 

comprehensive solution is underscored by the current lack of 

green manufacturing principles, leading to detrimental 

consequences for the Kingdom's ecological balance and the 

well-being of its populace. 

As shown in Fig. 1, the previous studies of GTs focused on 

sustainable technologies, environmental technologies, 

adverse effects of traditional manufacturing technologies, 

and green investments concerning firm performance. 

Research on GT adoption is gradually gaining traction as a 

potential solution for a better environment. This shift is 

attributed to the heightened public awareness regarding 

environmental quality, making the outdated "treatment after 

pollution" approach obsolete.  Furthermore, enhancing the 

sustainability of manufacturing technologies could contribute 

to stainable development, a phenomenon currently lacking in 

existing manufacturing practices [1]. Also, Figure 2 shows 

that most countries focus on green technology, and 

unfortunately, Saudi Arabia has low efforts [2] 

Fig. 1. VOS diagram for the most related topics in GTs [1]. 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. The most countries focusing on green technology [1] 

Thus, the objectives of this project based on the 

aforementioned discussion are to implement green 

manufacturing to fabricate environment-friendly products 

(tiles) from recycled tires, propose a detailed design of the 

mold used to fabricate environment-friendly tiles and 

determine the optimum process parameters to manufacture 

the environment-friendly tiles. 

2. EXPERIMENTAL WORK 

We visited Ahmed Hammoud Al-Jawir for rubber production 

in Riyadh to gain first-hand insight into their manufacturing 

process. Figure 3 illustrates the recycling process used in this 
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project. This study used rubber powder (less than 1 mm) and 

coarse size (1-5 mm). 

Fig. 3. The stage of recycling the rubes at ambient temperature. 

Fabricating environmentally friendly tiles from recycled tires 

is essential in designing and manufacturing the model and the 

ejection mechanisms. Mold design is crucial for making 

things precisely, like in the compression molding process. It's 

all about creating molds that match the product perfectly. But 

even with a great mold, you need a good ejection mechanism 

to get the product out smoothly and safely for the part and the 

operator. The project aims to improve both aspects to make 

manufacturing easier and products better. 

2.1.  Design and Finite element (FE) analysis of the mold. 

During the design phase, we developed three concepts with 

distinct approaches until we reached the final design, as 

depicted in Fig. 4, where Figs. 4a and b describe the final 

designs and FE analysis of the proposed environmentally 

friendly tiles. Comprehensive simulations of the proposed 

mold designs were accomplished to meticulously analyse 

stress distribution and ascertain its compliance with our 

specifications.  

 

 

 

 

 

 

 

 

 
Fig. 4. The mold's initial and final design and FE analysis. 

2.2.  Design and FE analysis of Ejection mechanism. 

The ejection mechanism employs a sophisticated scissors 

mechanism to facilitate efficient ejection. This mechanism 

comprises several key components, including an ejection 

plate, ejection pins, an upper plate, a lower plate, and links. 

Each component plays a crucial role in the smooth operation 

of the ejection process. Fig. 5 provides a comprehensive 

overview of how these elements form the assembly coupling 

with FE analysis, ensuring optimal functionality and 

reliability.  

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 5. The design and FE analysis of the Ejection mechanism 

3. RESULTS AND DISCUSSION  

After completing previous experiments and finite element 

analysis on the final mold design, we commenced 

experimental trials with the following parameters: applying 

pressure ranging from 2 to 5 tons, accompanied by holding 

times varying from 20 to 60 minutes. The mold was filled 

with fine rubber powder up to the brim to ensure consistent 

testing conditions, as depicted in Fig. 6. These experiments 

aim to investigate the effects of varying pressure levels 

systematically and holding times on the molding process and 

the resultant part quality. By meticulously controlling these 

parameters, we seek to optimize the manufacturing process 

and achieve the desired characteristics in the molded parts. 

 

  

 

 

 

 

 
 

Fig. 6. The tiles are manufactured from recycled tires at a working 

temperature of 350 °c, and (a)2 tons for 20 mins., (b) 3 tons for 20 mins., 

(c) 4 tons for a holding time of 60 mins., and (d) 5 tons for a holding time 

of 60 mins. 

temperature 350c 
 

4. CONCLUSIONS 

We successfully produce environmentally friendly products 

by applying green technologies in manufacturing, which 

resulted in the design, analysis, and manufacturing of a mold 

and an ejection system. 
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Abstract: This project focuses on designing and simulating a 

Friction Stir Spot Welding (FSSW) machine intended 

explicitly for welding lightweight metals. Drawing 

inspiration from existing models. The design emphasizes 

cost-effectiveness without compromising functionality. 

Detailed specifications consider material compatibility and 

operational requirements, ensuring optimal performance. 

Through thorough simulation and refinement, the final 

machine achieves enhanced weld consistency, increased 

throughput, and greater versatility while remaining 

economically viable. 

 

Keywords: Design, Simulation, FSSW Machine, Lightweight 

Metals, Welding, Cost-effectiveness. 

1. INTRODUCTION 

The demand for lightweight structures is driven by 

environmental awareness, economic factors, and 

performance needs. Industries are actively seeking strong yet 

lightweight materials to create efficient and sustainable 

products. This has increased the demand for metals like 

aluminum, magnesium, and titanium. However, welding 

these metals poses significant challenges due to their unique 

properties, such as high thermal conductivity and low melting 

points, which can lead to premature melting or distortion 

during welding [1]. Quick oxide formation and susceptibility 

to defects like porosity and cracking further complicate 

welding operations [2]. 

 

To address these challenges, alternative welding methods, 

such as friction stir spot welding (FSSW), are employed. 

FSSW operates in a solid state, avoiding issues related to 

melting and the formation of solidified microstructures. It has 

proven effective in joining lightweight metals and robust 

materials like steel and is widely applied in the aerospace and 

automotive industries [2]. 

 

 

2. EXPERIMENTAL WORK 

The experimental work for designing and simulating a 

Friction Stir Spot Welding (FSSW) machine aims to address 

the challenges associated with welding lightweight metals 

such as aluminum, magnesium, and titanium. The project is 

structured in several key stages to ensure a comprehensive 

approach. 

2.1. DESIGN PARAMETERS 

The design process for the FSSW machine involved a 

thorough analysis of various factors to ensure the machine 

meets the required specifications and performs optimally. 

Key design parameters include functionality, material 

compatibility, operational requirements, and mechanical 

design constraints. 

 

 2.1.1. FUNCTIONALITY 

The primary function of the FSSW machine is to join 

lightweight metal components through a solid-state welding 

process. The machine is designed to perform precise and 

reliable welds by combining rotational speed and axial force 

to generate frictional heat at the weld interface. The design 

includes critical components such as the spindle, bearings, 

slider mechanism, and ball screw assembly, each tailored to 

support the welding process. 

 

 

2.1.2. MATERIAL COMPATIBILITY 

Selecting suitable materials for the machine components is 

crucial to ensure durability and compatibility with the welded 

metals. The materials chosen for the spindle shaft, bearings, 

and other critical components can withstand the operational 

stresses and temperatures  

involved in the FSSW process. Using high-strength alloys 

and advanced composites ensures that the machine 

Figure 1, Friction stir spot welding process [2]. 

Figure 2, Design Methodology. 

Figure 3, Design of the Machine. 
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components maintain their integrity and performance over 

extended periods of use. 

Figure 4, Ashby Plot: Tensile Strength vs. Cost. 

2.1.3. OPERATIONAL REQUIREMENTS 

The operational requirements of the FSSW machine include 

achieving a specific rotational speed range, applying 

adequate axial force, and maintaining precise control over the 

welding parameters. The machine is designed to operate 

within a rotational speed range of 1500-2000 RPM, with an 

axial force of 10 kN and a torque of 47.74 Nm. These 

parameters are essential for generating frictional heat and 

ensuring proper material flow at the weld interface. 

 

2.1.4. TOOL DESIGN 

This FSSW tool design capitalizes on established equations 

derived from prior research, optimizing probe and shoulder 

diameters for exceptional performance in joining lightweight 

metals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. RESULTS AND DISCUSSION 

The simulation results for the FSSW machine indicated that 

the design could handle the anticipated loads with a 

significant safety margin. The stress levels observed in the 

simulation were well below the ultimate tensile strength of 

the materials used, confirming the robustness and reliability 

of the design. 

Finite element analysis (FEA) was conducted to evaluate the 

performance of critical components such as the spindle shaft, 

bearings, and slider mechanism under operational loads. The 

results demonstrated that the components could withstand the 

applied forces without deformation or failure, ensuring the 

structural integrity and longevity of the machine. 

 

4. CONCLUSIONS 

The project successfully developed a cost-effective FSSW 

machine capable of welding lightweight metals. Future work 

includes optimizing the machine's design to enhance 

performance further, reducing the weight of the machine 

components, and exploring additional welding techniques for 

broader applications. Integrating automatic feedback control 

systems and advanced end-effectors will improve the 

machine's versatility and operational capabilities. 
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Figure 5, Exploded View of the Machine. 

Figure 6, FSSW Tool Optimized Based on Research Findings. 

Figure 7, finite element analysis (FEA) for non-standard parts. 
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Abstract: This project explored the corrosion behavior of 

stainless-steel welds in MIG-AMIG welds. Stainless steel 

samples were welded with either ER 70S-6 mild steel filler 

metals or ER 308 L stainless steel. Different fluxes were 

performed using different oxides (SiO2, TiO2, Fe2O3, Mn2O3, 

and Cr2O3) in the AMIG process. The voltage instrument 

combined with EC-Lab software made it easy to measure 

corrosion rates. The experiment aimed to compare corrosion 

resistance between different flows and determine the best 

flows among the tested samples. 

Keywords: Corrosion Behaviour, Stainless Steel Welds, MIG-

AMIG Welding, Filler Metals, Flux Oxides. 

1. INTRODUCTION 

Welding holds importance in the world (see Fig. 1), 

particularly in Saudi Arabia, due to the nation's vast industrial 

sectors, including petrochemicals, oil and gas, maritime, and 

construction industries. The harsh environmental conditions, 

such as high temperatures and salinity, pose significant 

challenges to material durability and integrity. Similarly, 

corrosion is particularly critical in Saudi Arabia because it 

directly impacts the infrastructure essential to these 

industries. Enhanced corrosion resistance of welds can lead 

to longer-lasting infrastructure, reduced maintenance costs, 

and fewer operational disruptions. By reducing the incidence 

of corrosion-related failures, significant cost savings can be 

achieved, contributing to the economic efficiency of 

industrial operations. This project aims to contribute to 

advancing welding technologies that meet the specific needs 

of Saudi Arabia’s industrial landscape, ensuring better 
performance and extended service life of welded structures 

while minimizing economic losses due to corrosion. 

Welding is essential in many industries, especially where 

stainless steel components need to be joined. The corrosion 

behavior of welds dramatically affects the durability and 

performance of the final product. In this scenario, this project 

aims to investigate the corrosion resistance of stainless-steel 

welds made using Metal Inert Gas (MIG) and Activated 

Metal Inert Gas (AMIG) welding techniques. Stainless steel 

samples were welded with two filler metals: ER 70S-6 mild 

steel and ER 308 L stainless steel. 

Thus, the main goal of this experiment was to evaluate the 

corrosion resistance of different fluxes and identify which 

flux composition was the most effective among those tested. 

By identifying the best-performing flux, this research aims to 

enhance the durability of stainless-steel welds. This is 

especially advantageous for industries operating in harsh 

environmental conditions, such as those in Saudi Arabia, 

where improved corrosion resistance can lead to longer-

lasting infrastructure and reduced maintenance costs.  

  
Fig. 1. Welding Products Market size in 2023 [1]. 

2. EXPERIMENTAL WORK 

In this study, stainless steel grade 304 L was used. Two types 

of filler metal, ER 308 L and ER70S-6 (mild steel), were 

used. The samples were cut to the dimensions of 20 x 20 mm2. 

For surface preparation, the samples were polished with 320, 

400, 600, 800, and 1200 SiC (silicon carbide) paper and 

washed with water, followed by ethanol to remove excess 

moisture. The samples were then mounted in epoxy resin. All 

the electrochemical experiments were performed using a 

Biologic potentiostat SP-200 (Fig. 2), and the EC-lab 

software was used to analyze the results.  

Fig. 2. Experimental set-up for the electrochemical experiments. 

A potentiostat allows to change the potential of the metal 

sample in a controlled manner and measures the current that 

flows as a function of the potential. A three-electrode cell was 
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used to conduct the experiments using 300 ml of test solution. 

The working electrode (WE) was the epoxy resin mounted 

sample (with an exposed surface area of 2 cm2), the reference 

electrode (RE) was a saturated calomel electrode (SCE), and 

the counter electrode was a platinum mesh. 

2.1.  Open-circuit potential (OCP). 

Open-circuit potential (OCP or OCV, also called the resting 

potential, the equilibrium potential, or the corrosion 

potential) is the potential measured between the working 

electrode (WE) and the reference electrode (RE) when no 

current is passed. The measurement of an open-circuit 

potential is one of the more basic measurements of 

electrochemistry. The potential of metal immersed in an 

aqueous solution is a function of the fundamental reactivity 

of the metal and the oxidizing power of the aqueous solution. 

The setting used for this study is shown in Fig. 3. 

The aim of these potential measurements is to determine the 

specimen's potential (working electrode) without affecting, in 

any way, electrochemical reactions on the surface of the 

specimen. It is necessary to make these potential 

measurements with respect to a stable reference electrode so 

that any changes in the measured potential can be associated 

with changes at the specimen/solution interface.  

 
Fig. 3. OCP settings used for the system without chlorides. 

2.2.  Potentiodynamic polarization. 

A potentiodynamic polarization scan allows one to acquire 

considerable information about the processes on the working 

electrode. Using this technique, the corrosion rate, 

susceptibility to pitting (a form of localized corrosion), 

passivity, and the cathodic behavior of an electrochemical 

system can be found. The settings used for performing 

potentiodynamic polarization are shown in Fig. 4. 

Fig. 4. OCP settings used for systems without chlorides. 

3. RESULTS AND DISCUSSION  

Analysis of ER 308L filler metal and mild steel filler metal 

highlights a significant influence of flux type on the corrosion 

behavior of 304 SS welds in NaCl solution. For the ER 308L 

filler metal, welds made with SiO2 flux showed the best 

corrosion rate value of (0.70349 mm/y), while for mild steel 

filler metal, the Fe2O3 flux had a lower corrosion rate of 

(0.0311 mm/y) and seemed to be the best in corrosion 

resistance compared to all samples. This indicates that the 

optimal approach to achieving corrosion-resistant welds in 

304 SS depends on the specific filler metal used.  
Fig. 5. (a)Potentiodynamic polarization graphs were obtained for base 

metals, and MIG and AMIG samples were welded with ER 308 L filler 

metal. (b) Potentiodynamic polarization graphs obtained for base metals 

MIG and AMIG samples welded with mild steel filler metal 

 

4. CONCLUSIONS 

The study found that the corrosion behavior of 304 stainless 

steel welds in NaCl solution varied significantly based on the 

type of flux used. Welds made with ER 308L filler metal had 

the lowest corrosion rate (0.70349 mm/y) when using SiO2 

flux. Conversely, mild steel filler with Fe2O3 flux 

demonstrated the highest corrosion resistance, with the 

lowest corrosion rate recorded at 0.0311 mm/y. 
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Abstract: A new approach to tackling issues in agriculture 

and food processing is using soft robots and biomimetic 

design for industrial agri-food systems. This work aims to 

design a soft robot tool with the specific purpose of 

manipulating and maneuvering products in the intricate and 

ever-changing settings found in the agri-food industry. The 

designed tool has three flexible fingers made of soft silicone 

materials. The control of these fingers is operated by 

pneumatic actuation. A suitable delta robot was also adapted 

and fabricated for the soft fingers. The preliminary tests 

showed a promising use of the robot for sensitive products in 

the agri-food sector. 

Keywords: Soft robotics, hyperelastic material, pneumatic 

actuation, end-effector, delta robot manipulator. 

1. INTRODUCTION 

Nature’s diversity often inspires breakthroughs in technical 

solutions, particularly in robotics, swarm robotics, 

autonomous operations, and safe human-machine 

interactions [1]. Several researchers are collaborating to 

design soft, lightweight robots that mimic human and/or 

animals’ fluid movements to improve the energy efficiency 

and dexterity of the robots. On the other hand, soft robots are 

gaining attention for their adaptability, safety, deformability, 

mechanical strength, and cost-effective manufacturing [2]. 

Soft robotics technology can also help achieve the 

Sustainable Development Goals (SDGs) of the United 

Nations [3] by creating environmentally conscious, 

autonomous robots that run on renewable energy. For 

example, Giordano et al. explained how soft robotics can 

mitigate the adverse effects of climate change on human 

society and the environment by promoting adaptation, 

restoration, and remediation [4]. 

2. MATERIAL SELECTION 

The material selection process is crucial for the soft robot 

end-effector since it will directly link to the robot's actuation, 

gripping and dexterity performance. Several constraints were 

considered for this selection; among these criteria, one can 

mention the shore of the material, the maximum allowable 

elongation, and the availability of the material. 

2.1. Hyperelastic material 

Due to the large deformations and large strains that can be 

observed while using these soft fingers, hyperelastic behavior 

should be considered. Materials such as silicone or acrylic 

and other elastomers are hyperelastic materials exhibiting 

large, almost purely elastic deformations. Depending on the 

targeted strain level, they can be modelled using several 

constitutive models. Neo-Hookean, Mooney-Rivlin, or Yeoh 

models are classically used for these materials [5].  

2.2. Dragon Skin 30 

After comparing several available materials, we selected the 

Dragon Skin 30 [6], a high-performance silicone rubber. 

Silicones are known for their excellent flexibility, tear 

strength, and long mold life. 
Table 1. Mechanical properties of Dragon Skin 30 [6] 

 

3. DESIGN ANALYSIS  

The designed soft finger uses a pneumatic actuation through 

internal air chambers that enable its deformation. The 

chambers, shown in Figure 1, are partially separated by gaps 

that control the magnitude of its deformation characterized by 

a bending angle. 

 
Fig. 1. Geometric dimension for the soft finger 

A particular housing part is designed as the end-effector's 

main part, which fixes the fingers and ensures airflow 

entrance, as demonstrated in Figure 2. 

 
Fig. 2. End-effector CAD model 

4. NUMERICAL SIMULATIONS 

To test the designed shape of the finger, and due to the 

geometrical and material complexity, nonlinear static 

simulations are conducted using Ansys Mechanical. After 

testing the appropriate constitutive law for the selected 

hyperelastic material, curve fitting onto stress-strain 

unidirectional tensile test data found in the literature [5], the 

Yeoh second-order model is selected for our simulations. The 

Specific 

Volume 
(m3/Kg) 

Shore 

Hardness 

Elongation 

(%) 

Tensile 

Strength 
(MPa) 

25.7 30A 364 3.45 
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static structural module in Ansys imports the CAD design 

previously done in SolidWorks. The results showed that an 

appropriate finger deformation is obtained for air pressures 

around 70MPa, with a total deformation of around 11cm, as 

shown in Figure 3. 

 
Fig. 3. End-effector total deformation in ANSYS 

5. DELTA ROBOT MANIPULATOR  

A particular kind of robot called a parallel manipulator is the 

delta robot, as depicted in Figure 4. Robots in this class have 

end-effectors powered by several underactuated parallel 

kinematic chains [7], which make them suitable for pick-and-

place operations. 

 
Fig. 4. Delta manipulator with 3 DOF [7] 

6. FABRICATION 

6.1 End-effector  

We chose a mold fabrication technique for our soft gripper 

for its ease and cost-effectiveness. The principal mold is 3D 

printed for the outer finger shape. The corresponding CAD 

model is shown in Figure 5. Using an internal wax part, the 

air chamber is created by dissolving the wax after casting 

with a heat treatment. 

 
Fig. 5. External mold and internal part assembled. 

Three fingers are manufactured and glued to the 3D-printed 

housing part. The assembly is connected to an air-pressure 

hose for testing purposes, as shown in Figure 6. 

  

6.2 Delta Robot Manipulator  

The manipulator is fabricated using laser-cutting sheet metal 

parts (Figure 7). The actuation uses three-step motors with an 

integrated planetary gearbox and is managed by an Arduino 

controller with a CNC-shield layer. G-code is used to define 

the end-effector trajectory. 

 
Fig. 6. End-effector prototype. 

 

 
Fig. 7. Project prototype when assembly delta robot manipulator with 

end-effector 

7. CONCLUSIONS 

The eco-friendly soft robot was designed for agri-food 

industrial applications. Air-controlled soft material fingers 

are manufactured. A delta robot is used to control the fingers’ 
motion for pick-and-place operations 
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Abstract: The design and fabrication of a 5-DOF, 3D-printed 

industrial robotic arm embodies a significant step forward in 

modern manufacturing, addressing critical challenges like 

labor shortages, high precision, and continuous operations. 

This project harnesses the precision of robotics and the 

flexibility of 3D printing, offering a cost-effective, adaptable, 

and precise solution that enhances efficiency and safety 

across various settings. The project's objectives included 

designing a prototype, fabricating parts using 3D printing, 

assembling the robotic arm, and conducting pick-and-place 

tests to ensure operational effectiveness. This report captures 

the journey from conceptualization to real-world application, 

showcasing the innovative integration of advanced 

technologies to revolutionize industrial tasks. 

Keywords: design the prototype of 5-DOF, 3D-Printed Industrial 

Robotic Arm fabricated, assemble the parts, test & result the 

Robotic Arm, pick and place application. 

1. INTRODUCTION 

The progress in manufacturing technology highlights the 

need for flexible, accurate, and cost-effective solutions for 

industrial use. The 5-DOF robotic arm, a crucial part of this 

project, showcases these features by using the adaptable 

nature of 3D printing technology alongside the advanced 

capabilities of robotics. This combination allows for 

customized and quick design changes and ensures that tasks, 

incredibly moving and placing objects, are done with high 

precision and efficiency. This report covers the entire journey 

of Graduation Project 2, explaining the step-by-step design 

process, how materials and electronic parts were chosen and 

optimized, the hurdles faced while making and putting 

together the parts, and how these issues were tackled. A 

particular focus is on the innovative use of 3D printing to 

make parts, significantly lowering the cost and time needed 

for production while allowing for design flexibility. 

Additionally, the report details how the robotic arm was 

programmed and fine-tuned, showing how sensors and 

control systems were integrated to improve its accuracy and 

dependability [1]. 

 

2. Experimental Work 

The project was conducted in several stages, including 

design, fabrication, and testing of the robotic arm 

components. The methodology section details the steps taken 

to achieve the project goals. 

 2.1 Design Parameters 

The design process considered several key factors: 

functionality, end-effector selection, payload capacity, reach, 

axes, and mechanical design constraints [2]. 

2.1.1 Functionality 

The robotic arm was designed to mimic human arm 

movements, allowing for picking, lifting, moving, lowering, 

and releasing objects. The design includes five parts and five 

joints, similar to a human arm, to perform complex tasks 

precisely. 

 

Fig. 1. Robotic Arm Functionality 

2.1.2 End-Effector Selection 

Various end effectors were considered, including suction 

cups, magnetic grippers, pneumatic grippers, and 

mechanical grippers. A mechanical gripper with rigid 

fingers was selected for its suitability for the intended tasks 

and simplicity of control. 

 

Fig. 2. Static Simulation for the Gripper. 

2.1.3 Payload Capacity 

The payload capacity was calculated using static equilibrium 

methods, ensuring the arm could handle the required loads 

without compromising stability . 

2.1.4 Reach and Axes 
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The robotic arm was designed with five axes of motion, 

providing the necessary flexibility and range of motion to 

perform tasks within the designated workspace. 

 

 

Fig. 3. CAD & Model of the 5-DOF Robotic Arm. 

2.1.5 Mechanical Design Constraints 

Constraints included size and dimensions, workspace, 

payload capacity, and end-effector requirements, ensuring 

the arm met all specified criteria. 

Forward Kinematics            Inverse Kinematics 

            

2.2 Fabrication 

The components of the robotic arm were fabricated using a 

3D printer. PLA filament was chosen for its strength and 

flexibility. The printed parts were assembled to form the base, 

arm, and gripper subcomponents. 

 

Fig. 4. Some 3D-printed Parts 

2.3 Assembly and Control 

The assembled robotic arm was controlled using an Arduino 

microcontroller, with servo motors providing precise 

movement. The control system allowed for manual open-loop 

control, adjusting the servo motors to achieve the desired 

joint angles[3]. 

 

Fig. 5. Electrical Configuration of the Robot Wiring 

3. RESULTS AND DISCUSSION  

The project implementation involved testing the robotic arm's 

joint accuracy and performing pick-and-place experiments. 

The accuracy of the joint angles was validated through 

systematic testing, showing minimal deviations from the 

commanded angles. The pick-and-place experiments 

demonstrated the arm's ability to handle different objects 

effectively, showcasing its flexibility and operational 

effectiveness . 

 

  

Fig. 6. 5-DOF Robotic Arm 3D Printed Prototype 

 

 

Fig. 7. Accuracy Test 
 

4. CONCLUSIONS 

The project successfully developed a 5-DOF, 3D-printed 

industrial robotic arm, demonstrating the potential of 

combining robotics with additive manufacturing. The robotic 

arm performed well in pick-and-place tasks, proving its 

feasibility for industrial applications. Future work includes 

optimizing the arm's design to reduce weight, implementing 

automatic feedback control, and exploring additional end-

effectors for various applications. 
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Abstract: This study investigates the development of an 

indirect solar dryer, an eco-friendly solution for drying 

agricultural products. The first chapter provides a 

comprehensive background, emphasizing the need for 

sustainable drying methods in agricultural practices and 

reviewing existing drying technologies. The second chapter 

details the design phase, the theoretical underpinnings, and 

the engineering specifications for optimizing solar energy 

capture and heat transfer. In the third chapter, the focus shifts 

to the manufacturing process, the selection of materials 

describing the step-by-step construction, assembly of 

components, and quality control measures implemented to 

ensure reliability and efficiency. The final chapter presents 

the experiment results for specified products to see the 

temperature and relative humidity variation, the efficiency in 

moisture removal, and the quality preservation of dried 

products. Overall, the study confirms that the indirect solar 

dryer is a viable option for reducing post-harvest losses and 

enhancing the value of agricultural produce. 

Keywords: Solar dryer, Indirect dryer, Solar collector, Drying 

chamber, PV panel. 

1. INTRODUCTION 

Solar drying technology represents a sustainable and eco-

friendly approach to preserving various agricultural products, 

herbs, and commodities. By harnessing the sun's abundant 

energy, this method effectively removes moisture from 

goods, extending their shelf life while maintaining their 

nutritional integrity. 

Solar drying involves using solar energy to facilitate the 

drying process, typically specially designed solar dryers [1]. 

As sunlight heats the drying chamber, air circulation 

facilitates moisture evaporation from the products, preserving 

them. 

Furthermore, solar drying technology offers versatility across 

various industries and applications. Solar dryers can be 

adapted to suit a wide range of drying needs, from 

agricultural produce like fruits, vegetables, and grains to 

medicinal herbs, spices, and even textiles. 

Solar dryers can be categorized into three main types [1]: 

direct, indirect, and specialized solar dryers. Each type 

operates based on different principles of solar energy 

collection and utilization. 

This study focuses mainly on the following objectives: 

- Develop a comprehensive background on the study. 

- Choosing a solution for the study. 

- Design all aspects of the solution. 

- Manufacturing a prototype of the system. 

- Perform experimental tests and data analysis. 

2. DESIGNING OF INDIRECT SOLAR DRYER 

2.1. Design Concept 

The solar dryer considered in this work (Fig. 1) is a solar 

cabinet dryer for drying many products, such as tomatoes and 

grapes. The product is in trays made of wire mesh and 

plywood inside the drying chamber. The collector is placed 

at the sides of the cabinet and positioned in an open space to 

attract the sun's rays. To reduce heat loss, the collector is 

covered by Rock wool isolation. A fan forces air to enter 

through the open bottom end of the collector. Then, air is 

heated while it passes over the absorber. The warm air outlet 

of the collector is directed to the drying chamber. The heated 

air draws out the moisture from the product before exiting 

through the chimney. 

 
Figure 1: Indirect solar dryer design 

2.2. Calculation 

Design calculations involve determining the dimensions and 

specifications of the system components applied for tomatoes 

as the product. The mass of the product is 𝑚𝑝 = 3 kg. Initial 

and final moistures are 𝑀𝑖 = 94% and 𝑀𝑓 = 12.5% 

respectively. The mass of water removed is 𝑚𝑤 = 𝑚𝑝 (𝑀𝑖 − 𝑀𝑓)(100 − 𝑀𝑓) = 2.79 kg (1) 

The energy required to remove 2.79 kg of water 𝑄𝑡 = 𝑚𝑝𝐶𝑝∆𝑇 + ∆𝐻𝑒𝑣𝑝 = 2540.1 kJ Kg⁄   (2) 

By assuming an efficiency of 30% for the collector, the 

collector area is given by 𝐴𝑐 = 𝑚𝑤 ∗ 𝑄𝑡𝐼 ∗ 𝜂𝑐𝑜𝑙 ∗ 1000 = 1.592 m2 (3) 

The mass flow rate is 
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𝑚̇ = 𝑄𝐶𝑝∆𝑇 = 0.06 kg/s (4) 

The height of the air column is obtained by [xx]: 𝐻 = ∆𝑃𝑇𝑅𝑔( 1𝑇𝑎𝑚𝑏 − 1𝑇𝐷𝑟𝑦𝑒𝑟)𝑃𝑎𝑡𝑚 = 0.66 m 
(5) 

3. MANUFACTURING PROCESS 

This part provides detailed guidance on fabrication processes, 

construction techniques, and assembly procedures required 

for building functional solar dryers. We can assemble the 

prototype by putting all system components together, as 

shown in Fig. 2. 

 
Figure 2: Solar dryer prototype 

4. EXPERIMENTAL WORK AND RESULTS 

The experiment began on May 6th at 8:30 AM at the College 

of Engineering - Prince Sattam Bin Abdulaziz University. 

The system was put southeast between 8-11 AM, south 

between 11 AM – 3 PM, and west until 5:30 PM. 

Fig. 3 shows the air temperature inside the solar collector. It 

increases by approximately 25℃ as it heats the air while 

going through it. The maximum temperature of air reached is 

64℃. 

 
Figure 3: Air Temperature inside the collector 

In the drying chamber, we can observe that the temperature 

is decreasing significantly (Fig. 4), which is due to the 

evaporation of water inside the crops, which led to the 

absorption of heat by the moisture. While drying and time 

passed, the temperature difference became smaller due to the 

crops' low moisture content. 

At the beginning of the experiment, the relative humidity was 

high. Still, as the air continued entering the drying chamber, 

the relative humidity started to decrease (Fig. 5), and that was 

due to the moisture being removed from the crops. At the 

same time, there is no change in the ambient relative 

humidity. 

 
Figure 4: Air temperature inside the drying chamber 

 
Figure 5: Relative humidity 

After cutting the tomatoes into thin slices, they were spread 

evenly on the drying rack to increase the area of drying (Fig. 

6a). We observe the difference in relative humidity when it 

reaches below 10% (Fig. 6b). 

(a) (b) 

  
Figure 6: Tomato slices (a) before drying, (b) after drying  

5. CONCLUSION 

This study successfully developed an indirect solar dryer that 

meets the objectives of energy efficiency, cost-effectiveness, 

and high performance. The systematic approach taken from 

background research to practical implementation and testing 

ensures that the dryer is scientifically sound and practically 

viable. This work lays a solid foundation for future research 

and development in solar drying technologies, potentially 

significantly impacting agricultural processing and food 

preservation in energy-scarce regions. The positive outcomes 

from this study suggest that further optimization and scaling 

could enhance the adoption and effectiveness of solar drying 

solutions globally. 
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Abstract: In this work, an indirect evaporative cooler was 

fabricated and tested indoors. The IEC was able to mitigate 

the increase in the relative humidity of the supply 

temperature. The supplied relative humidity was 44% instead 

of 99% for the direct evaporative cooler. However, the direct 

evaporative cooler achieves a lower supply temperature 

because the air stream directly hits the wetted pad. 

Keywords: Evaporative cooler, IEC. 

1. INTRODUCTION 

Residential buildings consume 20% of global energy. Space 

heating and cooling applications account for 56% of this 

energy consumed in buildings. Improving living standards 

creates a need for cooling, especially in hot climate regions, 

which increases overall energy consumption and emissions. 

Most of the space cooling was done by vapor compression 

cycle devices. Because of the need for space cooling, 

upgrading or replacing the conventional vapor compression 

systems has significant energy-saving potential. One of the 

efficient alternatives to vapor compression is evaporative 

coolers. The main advantage of evaporative coolers over 

vapor compression is that they use water instead of 

refrigerants, lowering energy consumption. The evaporative 

coolers remove heat efficiently through the evaporation 

process.  

2. OVERVIEW 

Evaporative coolers are classified into direct evaporative and 

indirect evaporative coolers. In direct coolers, water 

evaporates into the airstream, consequently decreasing the 

dry bulb temperature of the air while adding moisture to it. 

On the other hand, in the indirect coolers, there are two air 

streams: one stream of air called primary air is cooled 

sensibly (without adding moisture) with a heat exchanger and 

this air cools the room. The secondary air carries away the 

heat energy from the primary air, and this secondary air is 

cooled by water and gets wet.  

Indirect evaporative coolers (IEC) have the potential for 

various applications. This includes human or non-human 

thermal comfort. Most studies focused on using the IEC in 

buildings for space cooling. However, few studies have 

reported IEC's effectiveness in managing livestock and 

agricultural storage thermal comfort. Figure 1 shows various 

applications of the IEC. 

 
Figure 1. Applications of the IEC. (reprint from [1]) 

The working principle of the IEC is shown in Figure 2 

 
Figure 2. IEC working principle [3]. 

Several studies report an energy saving associated with the 

use of the IEC. For example, Maheshwari et al. conducted an 

analytical study utilizing field testing data from an Indirect 

Evaporative Cooler (IEC) unit in Kuwait. They compared the 

IEC unit's cooling performance and energy consumption to 

that of a conventional mechanical vapor compression 

refrigeration-based air conditioner with the same capacity. 

Results showed that in Kuwait's inland and coastal regions, 

the IEC unit achieved significant seasonal energy savings of 

12,418 kWh and 6320 kWh, respectively, compared to the 

conventional air conditioner [2].  

Despite the advantages of the IEC, the technology is far from 

being widely adopted for various reasons. The most 

significant factors impeding the IEC are the high dependency 

on the ambient air temperature, low-temperature reduction, 

and large geometric sizes. More research and development 

are needed to improve technological advances and market 

adoption. 
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3. MATHEMATICAL MODEL 

Different indicative parameters are used to assess the 

performance of the IEC, such as the wet bulb effectiveness, 

cooling capacity, power consumption, energy efficiency, and 

evaporative cooler efficiency ratio (ECER). 

The most popular approach is the wet bulb effectiveness, 

which considers the outlet temperature against the inlet wet 

bulb temperature as follows: 𝜀 = 𝑇𝑑𝑏  𝑖𝑛 − 𝑇𝑑𝑏 𝑜𝑢𝑡𝑇𝑑𝑏 𝑖𝑛 −  𝑇𝑤𝑏 𝑖𝑛                    (1) 

Another parameter to assess the IEC is cooling capacity, 

which considers the enthalpy change between the inlet and 

the outlet of the IEC. 𝑄 =  𝑐𝑝  𝜌𝑉 (𝑇𝑑𝑏𝑖𝑛 − 𝑇𝑑𝑏𝑜𝑢𝑡)               (2) 

 

4. EXPERIMENTAL WORK 

The experiment was conducted on the designed prototype to 

evaluate the effectiveness of the IEC and compare it with the 

conventional direct evaporative cooler. Figure 3 and Figure 4 

show the IEC prototype design. Moreover, the actual 

fabricated IEC is shown in Figure 5. 

 

 
Figure 3. IEC final design 

 
Figure 4. IEC prototype dimensions. 

 
Figure 5. The top view of the IEC case shows the fan, heat exchanger, 

and wetted pad. 

5. RESULTS 

The test was conducted twice in an indoor climate. Each test 

lasted half an hour, and the readings were taken every 5 

minutes. The indirect evaporative cooler reduced the 

temperature by 4 degrees, while the direct evaporative cooler 

reduced the temperature by 6 degrees. However, the IEC did 

a great job mitigating the increase in humidity. The supply air 

humidity was measured at 43% instead of 99%, as shown in 

Table 1 and Figure 6. 

Table 1. Test results 

 

 
Figure 6. Comparison between direct and indirect evaporative cooler 

4. CONCLUSIONS 

Indirect evaporative cooler was fabricated and tested in an 

indoor environment. The IEC was able to mitigate the 

increase in the relative humidity of the supply temperature.  

For future work, the performance of the IEC could be studied 

with the consideration of the following: 

- The effect of the inlet water mass flow rate on the IEC. 

- The effect of air volumetric flow rate from the primary 

and the secondary fan. 
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Tsupply (℃) 
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20 23.7 22 
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Abstract: Hydrogen as a clean energy carrier is being assessed 

for transition toward a sustainable energy future. The 

transition to a sustainable and low-carbon energy future faces 

a critical challenge in producing and integrating green 

hydrogen. Despite its immense potential to decarbonize 

various sectors, green hydrogen production remains hindered 

by several key obstacles. These obstacles include high 

production costs, inefficient electrolysis technologies, limited 

renewable energy integration, and inadequate infrastructure 

for storage and distribution. Saudi Arabia's vision 2030, is to 

produce about 1.2 million tons of green hydrogen and to 

supply 10% of the world's hydrogen needs. This project 

aimed to contribute to the national renewable energy program 

by designing a green hydrogen production system. The 

proposed system integrates water electrolysis technology, 

renewable energy sources, feed water quality, and materials 

for the system components. The design and implementation 

of the green hydrogen production system includes the design 

and/or selection of the required components such as 

electrolyzer module, green power unit, and water circulation 

system. Specifically, the system was designed to operate at a 

minimum capacity of more than 100ml/min. Remarkably, the 

system achieved a maximum hydrogen production rate of 

about 600 ml/min, showcasing its substantial output 

potential. 

Keywords: Renewable energy; Green hydrogen; Water 

electrolysis; Sustainable energy. 

1. INTRODUCTION 

Many environmental issues, such as acid rain, stratospheric 

ozone depletion, and global warming, have been brought on 

by or are related to energy production, transformation, and 

use. This has led to a need for clean energy[1]. During the 

journey of transitioning to clean energy, a problem was 

found: the inability to fully exploit and store this obtained 

energy and use it for large and small usages. The pressing 

problem is to develop and implement innovative solutions 

that can address these challenges effectively, making green 

hydrogen a cost-competitive and scalable energy source[2]. 

So, here comes the role of hydrogen, which can preserve this 

clean energy produced in large quantities. But before that, the 

hydrogen production process needs to be clean. To achieve 

this, it is essential to advance research and development 

efforts in green hydrogen production methods, improve 

energy conversion efficiencies, reduce production costs, 

enhance electrolyzer technology, and expand renewable 

energy capacity. Additionally, building a comprehensive 

hydrogen infrastructure network and establishing regulatory 

frameworks to support its adoption are pivotal aspects of the 

solution[3]. The water electrolysis process has emerged as the 

most important method for producing hydrogen from 

renewable energy sources. Green hydrogen is a method for 

producing hydrogen with zero CO2 emission through water 

electrolysis. So, this project aimed to design and develop a 

green hydrogen production system with a capacity of not less 

than 100ml/min. 

2. SYSTEM DEVELOPMENT 

The developed system consists of a photovoltaic panel, 

controller, and batteries for the power unit. In addition, an 

Alkaline water electrolyzer, water tank, pump, hydrogen and 

oxygen tanks, and separator tanks are shown in Figure 1. So, 

the electrolyzer where the water is split into hydrogen and 

oxygen, and the power unit supplies the electrolyzer with 

electricity. 

 
Fig. 1. The developed green hydrogen system (GHS) layout. 

 

The power unit for the GHS consists of several components: 

a photovoltaic panel, batteries, controller, and cables. A 

stand-alone photovoltaic power system was designed based 

on the sizing of four main components: 1) load estimation, 2) 

battery capacity, 3) PV array, and 4) Controller selection. All 

the preceding components were meticulously designed, and 

their specifications are as follows: The total estimated load 

for this GHS was calculated to be 556.8 Wh. Golden plus 

12V, 60Ah battery was selected. The selected PV module’s 
properties are shown in Table 1. The selected controller is 

PWM with 20A and 12V. 
Table 1: Power Capacity Demand 

Parameters Values 

Total daily power consumption (Wh) 840 

Perfect sun hours (h) 5 

Derating factor (DF) 0.8 

Battery round trip efficiency [BE] (%) 80 

Power max. of panel (W) 200 

. 
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The electrolyzer design consisted of the following parts: two 

base plates, electrolyte, anode, cathode separator, and sealing 

gasket. SolidWorks was used to design solid components. 

The dimensions of other parts were determined according to 

the dimensions of the base plates and the electrodes.  

 
Fig.2. The design of the electrolyzer using SolidWorks.  

3. EXPERIMENTAL WORK 

After assembling all system components, several tests were 

conducted on different materials, including stainless steel 

316L, nickel, and titanium coated with 1µm platinum. The 

experiments were designed to evaluate the impact of varying 

sodium hydroxide (NaOH) concentrations on energy 

consumption, hydrogen production, and water temperature. 

The electrolyzer was tested using three different installation 

methods. In the first configuration, stainless steel 316L was 

installed on both cells. In the second configuration, both cells 

were equipped with nickel. The composition of the cells 

varied in the third setup, with each cell containing two pieces 

made of nickel and titanium coated with 1µm platinum. 

Figure 3 shows the experimental setup used. 

 

 
Fig.3. Experimental setup for the GHP system. 

4. RESULTS AND DISCUSSION  

The results showed that increasing sodium hydroxide 

concentration results in higher hydrogen production across all 

configurations tested, as shown in Figure 4. However, this 

increase in production is accompanied by a simultaneous rise 

in energy consumption (Figure 5). The configuration 

consisting of Titanium Coated with 1µm platinum & Nickel 

and Nickel demonstrates notably greater hydrogen 

production than Stainless Steel 316L. Moreover, a slight 

variation is noted between Titanium Coated with 1µm 

platinum & Nickel and Nickel, with the former exhibiting 

superior production yields. 

          

 
Fig.6. Effect of concentration on Temperature outlet 

 

The findings shown in Figure 6 also reveal a direct correlation 

between the electrolyte concentration and the water 

temperature at the outlet. As the concentration increases, the 

outlet water temperature increases proportionally. 

5. CONCLUSION 

In conclusion, the designed and developed green hydrogen 

production system exhibits promising capabilities, operating 

efficiently for about 4 hours. The findings reveal a direct 

correlation between electrolyte concentration and hydrogen 

production across all materials tested. Notable differences in 

hydrogen production were observed among different 

materials, with Titanium coated with 1µm platinum and 

Nickel demonstrating superior yields compared to stainless 

steel 316L. Additionally, a marginal yet significant difference 

was noted between Titanium coated with 1µm platinum and 

Nickel and Nickel alone, with the former exhibiting higher 

production rates. Moreover, a direct relationship was 

established between sodium hydroxide concentration and 

outlet water temperature, with higher concentrations leading 

to elevated temperatures. The system achieved a maximum 

hydrogen production rate of 600 ml per minute. 
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Abstract: This project aims to fabricate an epoxy-reinforced 

Nanocomposite (HMWCNTs), study the effect of different 

concentrations, and evaluate its mechanical properties. The 

objectives of this project are nanocomposite preparation and 

fabrication, tension, impact, and hardness testing of the 

fabricated nanocomposite, and the identification of the 

fracture surface of the nanocomposite. In our approach, we 

used for the fabrication processes of HNWCNTs/epoxy a 

magnetic stirrer, an ultrasonic device, and a vacuum pump to 

enhance dispersion and ethanol to reduce agglomeration 

effect, then evaluate the mechanical properties of the 

composite material through tensile, impact and hardness. The 

results showed the highest tensile strength at a concentration 

of 2.75% with percentage of improvement 88.18 % of neat 

epoxy, an impact test at concentration 1.25% with percentage 

of improvement of 36.42 %, and a slightly increased hardness 

property. 

Keywords: Nanocomposite, carbon nanotubes, epoxy, 

fabrication composite materials, mechanical testing. 

1. INTRODUCTION 

One of the most promising ways to improve the mechanical 

properties of composite materials is to incorporate carbon 

nanotubes (CNTs) into the matrix. CNTs are nanoscale 

structures with exceptional mechanical, electrical, and 

thermal properties, which can enhance the performance of 

composite materials. However, fabricating CNT to enhance 

composites requires achieving a uniform dispersion of CNTs 

in the matrix, which can affect the composite's interfacial 

bonding and mechanical properties. Moreover, many 

researchers have investigated how to fabricate and 

characterize these composites and found that the optimal 

CNT was 0.5 wt%, which improved the mechanical 

properties of the epoxy matrix. In this project, we aim to 

consider these challenges and fabricate epoxy/Helical Multi-

Wall carbon nanotubes (HMWCNTs) with different 

concentration, which is 0.5 wt%, 1.25 wt%, 2 wt%, and 2.75 

wt% and neat epoxy using an ultrasonic, magnetic stirring 

and vacuum pump to evaluating its mechanical properties.  

We conducted several tests to evaluate the mechanical 

properties, including tensile, impact, and hardness tests, 

according to American Society for Testing and Materials 

(ASTM) standards for the specimens and scanning electron 

microscope (SEM) analysis. As shown in Fig. 1, we have 

manufactured several silicone rubber molds suitable for 

mechanical testing. We followed the ASTM D638 type 3 

standard for tensile specimens, ASTM D2240 standard for 

hardness specimens, and Charpy standard for the impact test 

specimens [1][2][3]. 

   

Fig. 1. Silicon rubber molds  
 

The results of this project can provide valuable insights into 

Helical MWCNT's potential to enhance nanocomposites for 

various applications and contribute to the development of 

high-performance composite materials. 

2. EXPERIMENTAL WORK 

Fabricated epoxy reinforced with HMWCNTs with different 

concentrations, which are 0.5 wt%, 1.25 wt%, 2 wt%, and 

2.75 wt%, and neat epoxy using an ultrasonic and magnetic 

stirring to have good dispersion and ethanol solvent to 

reducing agglomeration effect and then evaluating its 

mechanical  

properties. 

2.1. Fabrication process 

Epoxy resin was used to fabricate each compound with 

different proportions of HMWCNTs. In the initial processes, 

ultrasonic methods and a vacuum pump were used to achieve 

better dispersion and homogeneity in the magnetic stirrer. A 

certain amount of HMWCNT was mixed with ethanol using 

a magnetic stirrer at 600 rpm for 30 min. Then, the required 

amount of epoxy resin was added to the HMWCNTs/ethanol 

mixture and stirred manually for 10 min and at 800 rpm using 

a magnetic stirrer for 10 min. Ultrasound was then performed 

for 30 minutes at 20 kHz. Then again use a magnetic stirrer 

at 800 rpm for 60 minutes or until the ethanol evaporates at 

80 °C. Ultrasound was then performed again for 30 minutes 

at 20 kHz at 60°C. Next, use a vacuum pump to remove air 
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bubbles from the mixture for 30 minutes. After that, a certain 

amount of hardener was added in a ratio of 1:2 to the mixture. 

Finally, the mixture was poured continuously into the mold 

to manufacture 5 samples of epoxy nanocomposites, as 

shown in Fig. 2. Samples were processed at room temperature 

for 48 hours. We produced six specimens for each mechanical 

test sample, as illustrated in Fig. 3. 

 
Fig. 2. Fabrication process. 

 

 

 
Fig. 3. Fabricated sample. 

2.2.  Mechanical testing. 

Mechanical tests were used, including tensile, impact, 

hardness, and scanning electron microscope (SEM) analysis. 

Using a universal tensile testing machine (WDW-50 JINAN 

TESTING EQUIPMENT IE CORPORATION), tensile 

testing was performed at a 5 mm/min loading speed. The 

impact testing was conducted at SABIC using a Zwick Roell 

impact testing machine model H1T50P, manufactured by a 

German company. A digital durometer was used to perform 

the Shore D hardness test. 

3. RESULTS AND DISCUSSION  

Epoxy reinforced with 0.5%,1.25%,2% and 2.75% of 

HMWCNTs. The samples were prepared with six specimens 

for each test. As shown in Fig. 4, the tensile test results 

indicate that increasing the HMWCNTs concentration 

significantly improves the tensile strength of the 

Nanocomposite. The first concentration shows a significant 

increase in stress with a decrease in strain, leading to a 

51.12% improvement in stress. The second and third 

concentrations enhance tensile strength, resulting in 

percentage improvements of 57.19% and 74.23% of the 

epoxy, respectively. However, the strain also varies among 

the concentrations. The fourth concentration shows the 

highest stress value but has a higher strain as well, leading to 

a significant improvement of 88.18% in the tensile strength 

of the epoxy.  

All concentrations show improvement for both impact 

strength and hardness, as illustrated in Fig. 5. The highest 

increase in impact strength is at 1.25% HMWCNTs, with a 

36.42% improvement over neat epoxy. The greatest increase 

in hardness is at 2.75% HMWCNTs, but the improvement is 

slight. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Stress and strain of epoxy and epoxy/HMWCNTs. 

 

 

 

 

 

 

 

 

Fig. 5. Impact and Hardness properties of HMWCNTs/epoxy 

Nanocomposite: (a) Impact Strength and (b) Hardness Shore-D.  

CONCLUSIONS 

We studied the effect of different concentrations, and their 

mechanical properties were evaluated. It also became clear 

that the tensile strength increased at a concentration of 2.75%. 

The improvement in the impact test was for the 1.25% 

concentration, and the improvement in the hardness test was 

slight. 
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Abstract: The project aims to develop a simulation model 

using numerical methods in COMSOL to analyze the optical 

properties, conducting tests on the optical properties of 

Titanium Dioxide (TiO2). Based on the obtained results, the 

optimal thickness of the material can be determined 

depending on the application. It was observed that increasing 

the thickness leads to a decrease in transmittance and an 

increase in reflectance and absorption within the wavelength 

range of 200 to 370 nanometers. The I-V curve of solar cell 

application was generated for three layers: the first layer, 

AlSb, with a thickness of 200 nanometers; the second layer, 

AgInTe2, with a thickness of 600 nanometers as an 

absorptive and generating layer; and the last layer, BaSi2, as 

a gap carrier layer with a thickness of 200 nanometers.  

 
Keywords: Solar cell, energy materials application, optical 

properties, numerical simulation. 

1. INTRODUCTION 

Advanced energy materials is a term given to materials that 

are used in developing and improving various technologies 

for generating, storing, and using energy. This includes a 

wide range of materials, such as solar materials, electrical and 

magnetic materials, advanced chemical and biological 

materials, reflective and heat-conducting materials, materials 

used in battery and storage technology, photocatalysts, and 

nanomaterials. Thin films are one of the essential components 

of many devices and are materials that are small in thickness. 

Thin films are a material or several solid materials placed on 

a substrate’s surface whose physical and chemical properties 
are to be improved by specific means. They consist of a 

thickness ranging from 1nm-1μm [1]. Thickness is vital in 

thin films and is an essential factor affecting the optical, 

electrical, thermal properties, etc [2]. Thin films are used in 

many fields, such as electronics, power, optics, sensors, solar 

energy, germ protection, and other applications. Thin films 

can be made of metals, oxides, metals with oxides, polymers, 

or carbon compounds [3]. 
 

2. OPTICAL SIMULATION 

 

Optical properties is a term that describes the behavior of a 

material when exposed to electromagnetic radiation (light). 

Light has properties when it falls on a surface: part of it is 

transmitted, part is reflected, and the material absorbs part; 

electromagnetic radiation appears as the only one capable of 

reflection, absorption, and transmission and is visible to the 

human eye. Light transmission occurs when an incident ray 

strikes a transparent or translucent object where the light can 

travel. The absorption of light occurs when the light falls on 

the body and then turns into energy. The electrons can move 

to higher energy levels when they absorb this energy. 

Reflection occurs when light strikes a surface and is reflected 

directly from it. 

3. MATERIAL SELECTION 

Air, TiO2 (Titanium dioxide), and substrate are the materials 

chosen for simulation for the thin films. The properties used 

in the simulation were obtained from the COMSOL library. 
 

 

 

Fig. 1. Schematic of device layers. 

4. DESIGN ANALYSIS OF THE 3D MODEL 

A three-dimensional simulation model is a mathematical 

representation of a system, process, or phenomenon used to 

simulate or mimic real-world behavior. Simulation models 

are commonly used in various fields, from engineering to 

social sciences. These models can range from simple to 

highly complex and can be developed using various software 

tools and techniques. 

 
 

Fig. 2. Geometric dimensions of physical models 

5. SOLAR CELL APPLICATION 

The efficiency rate at which solar cells convert light into 

electricity varies according to the type of semiconductor 

material and the solar cell technology used. The efficiency of 

mailto:439051092@std.psau.edu.sa
mailto:438050033@std.psau.edu.sa
mailto:439051139@std.psau.edu.sa


Volume 1: PP 21-22   Innovation and Technology Magazine    2023 - 2024 

 

 

The Official Magazine for Graduation Projects of the Mechanical Engineering Department  22 

 

commercial solar modules was less than 10% in the mid-

eighties, rose to about 15% by 2015, and is now approaching 

25% for modern high-tech modules. Multi-junction solar cells 
are an advanced technology that converts solar energy into 
electrical energy. These cells have a multi-layer design, 
where each layer absorbs a specific range of solar 
wavelengths.  
 

6. RESULTS  

In this section of the results, the thickness of each layer was 

individually varied while keeping the other thicknesses 

constant to examine the effect that occurs in each layer due to 

changes in its thickness and its impact on the overall cell 

performance. Firstly, the thickness of the first layer, AlSb, 

was changed to various thicknesses from 100 nanometers to 

600 nanometers while keeping the other thicknesses constant. 

Also, the power and I-V curve is obtained for optimal 

thickness.  

 

 

Fig. 3. Absorbance for all layers  graph depending on the change in 

wavelength 

 
Fig. 4. Total absorbance for different thicknesses of AISb. 

4. CONCLUSIONS 

The study presents two simulation models built on the 

COMSOL Multiphysics program, relying on numerical 

analysis of optical properties to enhance the performance of 

solar cells. The first model focuses on exploring optical 

characteristics and the impact of thickness, testing titanium 

dioxide for its absorptive, transmissive, and reflective 

properties. Various thicknesses were identified to understand 

the thickness effect on optical properties and determine the 

spectral gap of titanium dioxide at variable thicknesses, 

contributing to the understanding of thickness impact on the 

spectral gap. An I-V curve was created for three layers: the 

first layer, AlSb, with a thickness of 200 nanometers; the 

second layer, AgInTe2, with a thickness of 600 nanometers 

as an absorptive and generating layer; and the last layer, 

BaSi2, as a gap carrier layer with a thickness of 200 

nanometers. The solar cell efficiency was determined to be 

5.96%. 

 

 

Fig. 5. Total absorbance for different thicknesses of AgInTe2. 

 

Fig. 6. I-V curve and power of the solar cell. 
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