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Reflector (LFR) solar thermal systems are promising 

applications. This 

study focuses on optimizing the design 

direct normal irradiance (DNI). A hybrid 

optimization approach 

Algorithm (GA) is employed to evaluate and improve key 

variables 

the optimized LFR design achieves a significant increase 

identifies the 

most influential parameters, guiding future design 

towards sustainable and renewable energy sources has become 

being 

abundant and clean, plays a pivotal role in this transition 

thermal technologies have garnered 

attention due to their ability to convert 

thermal technologies, concentrating solar power (CSP) systems

3]. 

The Linear Fresnel Reflector (LFR) system is a particular 

receiver located above the 

reflectors. This configuration offers 

a smaller land footprint compared to other CSP 

technologies 

regions with high direct normal irradiance (DNI), such as the 

solar resources 

but also face harsh environmental conditions, 

performance of solar collectors 

[4,7]. Therefore, optimizing the design 

performance of LFR systems depends on various parameters

system operational strategies [5]. Optimizing these factors can 
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at high operating 

temperatures. For example, optimizing the absorber 

improve overall heat extraction efficiency 

[5,6]. Additionally

the deployment of LFR systems in high solar irradiance areas 

thus reduce 

the system’s optical efficiency. Regular cleaning 

shown that dust accumulation can 

reduce the optical efficiency 

integrating mitigation strategies such as hydrophobic coatings 

Computational fluid dynamics (CFD) modeling

losses and guiding design 

improvements [8]. Response Surface 

of the design space [9]. Genetic Algorithms (GA) and 

these methods into a hybrid optimization framework allows for a comprehensive 

evaluation of LFR system designs tailored specifically for the environmental and climatic conditions 

of high solar irradiance regions. Such frameworks enable the identification of optimal mirror 

geometries

employs advanced numerical simulations combined with multi-objective 

optimization algorithms to investigate the effects of key design and operational parameters on 

system efficiency. The ultimate goal is to develop an optimized LFR design that maximizes 

Reflectors. Kalogirou [1,2] provided comprehensive reviews of solar thermal 

technologies, emphasizing the potential of CSP systems. Lovegrove and Stein [3] detailed the 

principles 

technological advances and operational challenges, emphasizing performance degradation under 

environmental stressors such as dust and high temperatures. Gao et al. [5] demonstrated CFD-based 

design optimization to improve heat transfer efficiency, while Farahat et al. [6] studied thermal 

performance under desert conditions, stressing the importance of receiver 
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some of which are adaptable to thermal LFR designs. 

 

Despite these advancements, comprehensive multi-parameter optimization focused on high solar 

irradiance regions remains limited, motivating the present study. 

 

3. Methodology (Detailed) 

3.1 System Description 

The Linear Fresnel Reflector (LFR) system under study consists of an array of long, flat mirrors 

arranged in parallel rows on a horizontal plane. Each mirror is mounted on a tracking mechanism 

allowing it to adjust its tilt angle to reflect solar radiation onto a stationary linear receiver located at 

a fixed height above the mirrors. The receiver comprises an absorber tube enclosed in a glass 

envelope with selective coatings to enhance solar absorption and minimize thermal losses. 

 

Key geometrical parameters investigated include: 

• Mirror width (W): 0.8 m – 1.2 m 

• Mirror length (L): 5 m (fixed) 

• Receiver height above the mirrors (H): 2.5 m – 3.5 m 

• Absorber tube diameter (D): 0.05 m – 0.10 m 

 

The heat transfer fluid (HTF) circulating inside the absorber tube is synthetic oil, chosen for its 

thermal stability at high temperatures (up to 400 °C). The HTF inlet temperature is 
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