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1. Introduction  

Over recent decades, international energy usage 

has elevated drastically due to demographical growth 

and industrial development. Fossil carburant counting 

oil, coal,  and natural gas persist as the predominant 

cause to the international energy portfolio, 

constituting approximately 80% of aggregate energy 

consumption [1]  . The extensive dependence on fossil 

fuels has precipitated a marked escalation in 
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This study presents both experimental and simulation-based analyses of an affordable, 

compact parabolic trough collector designed for water heating in the arid Saharan 

climate of Adrar, southern Algeria. Experiments were conducted in June under peak 

solar irradiation of approximately 800 W/m². A transient one-dimensional model 

grounded in energy balance equations and an implicit finite difference scheme was 

developed and validated against experimental data, showing a maximum deviation 

below 5%. The collector achieved a peak thermal efficiency of about 80% at solar noon, 

while daily experimental efficiency ranged from 55% to 75%. At a debit rate of 0.1 

kg/s, the temperature of expulsed water approached approximately 75°C however, it 

declined at elevated flow rates owing to the decrease staying duration of the liquid 

incorporated in the system. These results confirm that lower mass flow rates enhance 

thermal performance. Furthermore, this work provides a rare experimentally validated 

transient model for compact PTC systems operating under extreme Saharan conditions, 

where high ambient temperatures significantly influence heat-loss mechanisms, thereby 

supporting improved concept and enhancement of small-scale solar thermal setups in 

arid regions.  
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greenhouse gas emissions, thereby exacerbating 

climate change and its attendant environmental 

consequences. Consequently, the tilt from 

conventional fossil carburant toward renewable 

energy reserves has emerged as a global imperative. 

Photovoltaic power is broadly reknowned as 

among the highly demanded and viable reusable 

energy sources, given its vast availability and 

enduring sustainability. Its immense potential has the 

capacity to far exceed global energy consumption, 

positioning it as a crucial element in curtailing fossil 

fuel dependency and fulfilling sustainable energy 

objectives[2]. Solar energy represents an 

environmentally benign technology and one of the 

foremost renewable and sustainable energy sources, 

substantially contributing to the realization of 

sustainable development objectives within the energy 

sector. The vast quantities of solar radiation available 

daily render it an exceptionally viable resource that 

can be harnessed across diverse geographical regions 

worldwide[3]. The quantity of solar energy incident 

upon the terrestrial surface substantially surpasses 

contemporary global energy consumption by multiple 

orders of magnitude, thereby establishing solar 

radiation as one of the foremost viable reusable power 

reservoir. Countries in the southern Mediterranean 

basin, in particular, receive exceptionally elevated 

amounts of direct solar irradiation, positioning solar 

power as a strategically viable solution for meeting 

both local and regional energy requirements. The 

Mediterranean regions demonstrate considerable 

solar potential, as indicated by their mean yearly solar 

irradiation values, which commonly surpass 2,000 

kWh/m² and rank them among the planet's foremost 

solar-abundant zones[4]. Within this framework, 

focused solar potency technologies have been 

delimited as particularly well-suited to Algeria's 

abundant solar resources, offering a viable pathway 

toward reducing dependence on conventional energy 

sources[5] Accordingly, transitioning toward solar-

based energy systems is widely regarded as a 

cornerstone of sustainable development strategies 

aimed at curbing greenhouse gas emissions and 

diversifying the regional energy mix [6] .   

Algeria has highly favorable climatic conditions 

for solar energy utilization, characterized by high 

solar irradiation levels, low humidity, and limited 

annual rainfall, along with vast open land areas 

suitable for large-scale installations [6] The southern 

Saharan region of Algeria is particularly endowed 

with exceptional solar resources, making it one of the 

highly attractive locations for solar thermal utilisation 

in North Africa. The sunshine duration across the 

entire Algerian territory exceeds 3,000 hours per year 

and can reach up to 3,500 hours per year in the 

Sahara, with daily irradiation surpassing 10 hours in 

the southern regions. The mean yearly photovoltaic 

radiation exposure across Algeria varies roughly 

between 1,700 kWh/m² in locations of the north to 

above 2,200 kWh/m² in desert southern zones , 

underscoring the nation's considerable capacity for 

large-scale solar energy initiatives[7]. 

Solar water heating constitutes one of the earliest 

and most widely implemented utilisations of solar 

thermal energy. Early systems relied on simple black-

painted storage tanks to absorb and retain solar heat. 

Over time, technological advancements have 

significantly improved collector designs, materials, 

and thermal performance [8]. Continuous innovations 

aimed at enhancing solar absorption and minimizing 

thermal losses have contributed to substantial 

improvements in overall system efficiency [9] . 

In solar thermal systems, the solar collector serves 

as the primary component by absorbing iminent solar 

rays and transducing it into thermal potency to heat 

an active fluid such as oil, water, or air[10]. Various 

solar collector technologies have been developed, 

including flat-plate, evacuated tube, concentrating, 

and unglazed low-temperature collectors. The 

selection of an appropriate collector type is 

contingent upon the specified operating temperature 

range and the intended application. 

Among concentrating solar thermal advances, 

parabolic trough receptors are recognized as among 

the most established and widely deployed systems. 

The operational mechanism of these systems is based 

on parabolic reflectors that focus direct solar radiation 

onto a container tube, thereby increasing the calorific 

energy absorbed by the heat liquid. Owing to their 

concentrating nature, PTCs are generally capable of 

functioning at temperatures englobed between 120 to 

250°C, rendering them appropriate for industrial 

process heating applications, steam generation, and 

domestic hot water production. Their relatively 

simple design, combined with high optical efficiency 

and reliable operation, has contributed to their 

extensive deployment in medium-temperature solar 

applications [11]. 

     Solar thermal water heating systems have 

gained widespread adoption across a broad spectrum 

of applications. Applications encompass space 

heating and cooling in residential and commercial 

structures, seawater desalination, drying and 

preservation of foodstuffs, and the incorporation of 

photovoltaic thermal energy into multiple industry 

chain process heating operations. The adaptability 

and economic viability of these technologies have 
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positioned them as a fundamental component in 

advancing sustainable energy transitions [12]. 

The calorific action of parabolic trough collectors 

(PTCs) is influenced by several key factors, including 

optical losses related to reflectivity and transmissivity 

limitations, thermal losses through convection and 

radiation, as well as geometric imperfections such as 

receiver misalignment and tracking errors, which can 

significantly reduce the overall collector efficiency 

[13]. A major design challenge is achieving an 

optimal balance between aperture size and system 

efficiency, since larger apertures may increase 

thermal losses, while smaller apertures may reduce 

optical concentration and solar interception. 

Therefore, maximizing long-term PTC performance 

requires careful design optimization and appropriate 

operating conditions. 

    Recent studies have reported notable 

improvements in PTC thermal performance through 

receiver design modifications and enhanced heat 

transfer techniques. The integration of concentric 

tube designs with hybrid nanofluids and optimized fin 

structures has demonstrated significant increases in 

thermal efficiency, highlighting the effectiveness of 

combined passive enhancement strategies [14]. 

        To reduce thermal losses, PTC absorber tubes 

are commonly enclosed within a glass envelope, 

which minimizes convective heat loss and improves 

overall thermal performance. Previous studies have 

reported that the use of a glass envelope can 

significantly enhance outlet water temperature and 

temperature gradients [15] Furthermore, comparative 

analyses between mirror and aluminium foil 

reflectors have demonstrated that mirror reflectors 

provide superior optical performance, resulting in 

higher peak temperatures and improved thermal 

efficiency [16]. 

Several experimental investigations have 

explored the application of advanced working fluids 

and receiver designs to improve parabolic trough 

collector performance. For example, an experimental 

assessment involving a U-tube absorber with nickel 

ferrite nanofluid indicated that higher mass flow rates 

can substantially enhance the configuration overall 

thermal efficiency [17] In addition, the incorporation 

of nanoparticles into the heat exchange liquid was 

reported to enhance the convective heat transfer 

coefficient; however, it may also lead to higher 

pressure drops within the receiver tube [18] . 

    Further investigations have examined 

innovative PTC configurations incorporating U-tube 

receivers and nanofluids. These studies indicated that 

nanoparticle size and flow rate are key parameters 

affecting the calorific proficiency of the configuration 

[19]. Moreover, lumped parameter modelling 

approaches have been successfully applied to 

simulate PTC thermal behaviour, and numerical 

results obtained using MATLAB showed good 

agreement with experimental observations, 

demonstrating the usefulness of such models for 

design and performance prediction [20]. 

     Advanced numerical investigations have also 

been conducted using three-dimensional thermo-

hydrodynamic models to analyze PTC performance. 

For example, a two-fluid approach was applied to 

simulate direct steam generation in a PTC-integrated 

steam plant, enabling the evaluation of key thermal–

hydraulic parameters under different solar irradiation 

conditions, including peak solar noon and 

surrounding time intervals [21]. 

      Various numerical tools and software 

applications have been utilized to simulate the 

thermal performance of parabolic trough collectors 

[10]. For example, advanced thermal modelling 

studies based on the Engineer Equation Solver (EES) 

have incorporated the principal heat exchange 

mechanisms—conduction, convection, and 

radiation—to achieve enhanced simulation accuracy. 

Exergy analysis has also been employed to assess 

the consequence of actionable and ecological settings 

on the aptitude of parabolic trough collectors (PTCs). 

These studies revealed that the absorber tube is 

typically the main source of exergy destruction due to 

irreversible heat transfer processes occurring within 

the receiver [22] [23] . Based on these findings, 

several enhancement tactics were proposed to 

enhance the thermodynamic aptitude of next-

generation PTC systems. 

     Several studies have investigated parabolic 

trough collector (PTC) systems operating in medium-

temperature ranges, with particular emphasis on 

different operating strategies and control approaches. 

The results indicated that solar thermal systems can 

supply a significant portion of thermal energy 

demand in various applications, especially when 

properly optimized under realistic operating 

conditions [24] [25] . 

Experimental investigations have also focused on 

evaluating the optical capacities of parabolic trough 

collectors (PTCs) and analyzing the influence of 

engineering design parameters on thermal efficiency. 

The results demonstrated that absorber material 

properties and geometric characteristics play a critical 

role in determining heat capture effectiveness [26] 

Furthermore, thermal simulations of PTC 

configurations have been conducted to improve 

system performance and design accuracy [27] The 

findings of these studies underscore the necessity of 
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optimizing both optical and thermal parameters to 

augment collector efficiency. 

The application of porous media in concentration 

solar power (CSP) systems were studied as an 

effective way to boost heat transfer 

and enhance thermal efficiency[28] .Numerical meth

ods, such as 2D and 3D CFD simulations, are 

commonly used to examine heat losses, 

flow dynamics, and thermal dissipation in the 

receiver tube and glass envelope. [29] Furthermore, 

transient numerical methods such as the Crank–

Nicolson scheme have been employed to resolve the 

controlling formula for heat transduction in solar 

thermal systems. [30], Advanced computational fluid 

dynamics software packages, such as FLUENT and 

STAR-CCM+, have also been widely employed to 

simulate intricate processes including active steam 

formation in parabolic trough receivers, with 

outcomes demonstrating close alignment to 

experimental observations[31] [32] . 

Parabolic trough collector systems are extensively 

acknowledged for their superior thermal efficiency 

and their appropriateness for solar applications 

operating at moderate temperatures. Owing to their 

capacity to concentrate direct solar radiation, these 

systems constitute a viable approach for hot water 

production in regions characterized by elevated solar 

potential. However, the thermal potency of compact 

parabolic trough collector environment functioning 

under severe climatic environments, such as those 

found in the Saharan region, remains insufficiently 

documented in the literature. In addition, simplified 

numerical models capable of accurately predicting 

transient system behavior are essential for 

performance assessment and design optimization.  

Agagna et al. [13] demonstrated that geometric 

and optical errors in PTC systems, including receiver 

misalignment and tracking inaccuracies, can lead to 

significant reductions in both optical and overall 

thermal efficiency, underscoring the importance of 

precise manufacturing and installation tolerances in 

achieving reliable collector performance. Moreover, 

recent solar water heating developments have 

introduced advanced receiver configurations and 

control-oriented designs; however, further 

investigations under harsh outdoor conditions and for 

compact low-cost systems remain required to support 

decentralized hot water applications [33]. In addition, 

up-to-date review papers underline that, despite 

extensive progress in receiver enhancement and 

numerical modeling, practical gaps persist regarding 

validated simplified transient models and 

performance assessment of small-scale PTC units 

operating under extreme climates, Furthermore, Kim 

et al. [34] reviewed recent design innovations and 

optimization efforts in parabolic trough collectors and 

highlighted continued evolution in receiver 

enhancement, thermal modelling, and system-level 

optimization. Numerous investigations have 

examined the operational efficiency of parabolic 

trough collector-founded photovoltaic thermic energy 

plantation across various Algerian regions. A 

computational modeling of a 100 MW PTC solar 

thermic power plantation was conducted across three 

representative Algerian sites — Adrar, Ghardaïa, and 

Hassi Messaoud — evaluating annual direct normal 

irradiance (DNI) as a key performance parameter. 

The results demonstrated the strong potential of these 

regions for large-scale solar thermal electricity 

generation [35] . 

 Accordingly, the current study seeks to 

experimentally and numerically evaluates the thermal 

activity of a compact parabolic trough collector 

operating in the climatic configuration of Adrar in 

southern Algeria. 

 An implicit finite difference discretization is 

utilized to develop a one-dimensional transient 

thermal model that simulates heat transfer 

phenomena within the tube receiver, glass frame, and 

working fluid. The numerical model is validated 

against experimental measurements obtained under 

high solar irradiation conditions. Furthermore, the 

consequence of mass flow rate and collector 

dimensions on outlet water temperature and thermal 

efficiency are systematically examined. The findings 

of this work provide practical guidelines for 

optimizing small-scale PTC systems intended for 

residential and moderate industrial hot water 

applications in arid regions 

2. Materials and Methods  

2.1. System Description 

The PTC system employed in this investigation 

comprises a parabolic reflective mirror, an evacuated 

cylindric absorber, a metallic supporting farmwork, 

and a uniaxial solar tracking mechanism. Figure 1 

presents a schematic diagram of the experimental 

apparatus. 

The construction process started with the 

fabrication of the metallic frame, which provided the 

mechanical support for the collector. Subsequently, 

the parabolic reflector and receiver were installed in 

order to maximize solar radiation concentration along 
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the focal line. Finally, the absorber tube was mounted 

to complete the assembly of the PTC system. 

The parabolic reflector measures 1.4 m in length 

and 0.9 m in height, with the mirror structure 

exhibiting a thickness of 4 mm. This configuration 

facilitates the concentration of incident solar radiation 

along the focal line, where the receiver tube is 

situated. The absorbed concentrated solar energy 

raises the absorber temperature, enabling subsequent 

heat transduction to the heat transfer fluid and thereby 

elevating the outlet fluid temperature. The principal 

geometrical index of the PTC configuration is 

summarized in Table 1. 

 

Table 1. Thermal, geometric, and optical 

characteristics associated with the PTC 

 

2.2. Installation process 

The parabolic trough collector system was 

experimentally designed, constructed, and installed at 

the Renewable Energy Research Unit in the Saharan 

Environment, CDER, Adrar, Algeria. To optimize 

solar energy capture, the collector was equipped with 

a single-axis pursuing system aligned along the 

north–south direction This arrangement allows the 

enables continuous monitoring of the sun’s apparent 

east-to-west path, thereby maximizing solar radiation 

incidence on the reflector surface. Outdoor 

experimental evaluations were performed during 

June under representative Saharan climatic 

conditions. The parameters that follows were 

monitored continuously: 

• Intensity of Direct photovoltaic 

Radiation 

• Temperature of Ambient air  

• interring and outlet temperatures of 

the water 

• Mass flow rate of the water 

The thermal performance efficiency of the PTC 

reached calculated on the basis the measured data, 

particularly for the representative day of June 21, 

which corresponds to peak solar irradiation 

conditions 
 

 
Figure 1. (a) producing the designed PTC, (b) pasting 

mirrors, (c) tracking system (d) Pyranometer used to 

measure global radiation (e) measuring diffuse 

radiation with the ball(f) thermocouple for ambient 

temperature measurement  

 

2.3. Experimental Measurements and Data 

Acquisition 

 

Outdoor experiments were conducted under real 

climatic conditions in Adrar, Algeria, using a North–

Parameters Unit Estimated 

values 

evacuated tube properties 

Absorber length m 1.4 

Inner absorber 

diameter (D1) 
cm 0.035 

Outer absorber 

diameter (D2) 
cm 0.04 

Absorptivity of 

absorber (αab) 
- 0.95 

Absorptivity of glass 

(αg) 
- 0.02 

The absorber density 

(ρab) 
kg/m³ 8920 

The density of glass 

(ρg) 
kg/m³ 2530 

glass Emittance 

envelope (εg) 
- 0.88  

absorber Emittance 

(εab) 
- 0.05 

Glass Envelope 

transmissivity (τg) 
- 0.95 

The absorber's 

specific heat  

J/ (kg. 

K) 
385 

Reflector properties 

Reflector reflectance - 0.935 

Intercept factor - 0.90 

Glass's specific heat 

capacity (Cpg) 
J/(kg·K) 830 

Mirror reflectivity 

(ρr) 
- 0.95 

Collector material 

2 mm 

Galva 

Metal 
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South oriented PTC equipped with a uniaxial tracking 

setup to guaranty maximum solar interception. The 

direct normal irradiation (DNI) was measured via a 

calibrated pyranometer installed in the same plane as 

the collector aperture. Ambient temperature (Tamb) 

was recorded using a shaded K-type thermocouple to 

avoid direct solar exposure. The inlet temperature 

(Tin) and outlet temperature (Tout) of the working fluid 

were recorded using calibrated K-type thermocouples 

equipped at the absorber tube entrance and exit, 

ensuring accurate measurement of the fluid 

temperature increase across the collector. In addition, 

the mass flow rate (ṁ) was determined through a 

calibrated debit meter. 

 The measurement accuracy was ±1°C for 

temperature sensors, ±5 W/m² for solar irradiation, 

and ±2% for the mass flow rate. All parameters were 

recorded at regular time intervals to capture the 

transient thermal behaviour of the system under 

varying solar conditions. These measurements were 

subsequently used to assess the mediate thermal 

proficiency and to validate the numerical model. 

 

2.4. Thermal Effectiveness coefficient Calculation 

 

The instantaneous thermal efficiency of the 

parabolic trough collector was performed by 

calculating the proportion of useful thermal power 

quired by the heat transfer liquid to the incident solar 

power on the collector aperture surface. 

The useful heat gain is as follows [36]: 

 

 Q = u Cp T -Tout inm  (1) 

we have ṁ denotes the mass flow rate (kg/s), Cp 

represents the specific heat ability of water (J/kg·K), 

and Tout and Tin correspond to the outlet and inlet 

temperatures (°C), respectively. 

The incoming solar power on the collector aperture 

surface is given by [37] 

 

Q = DNI
s

A
a

 (2) 

where DNI is the measured direct normal irradiation 

(W/m²) and Aa is the collector aperture surface (m²). 

Therefore, the thermal efficiency is evaluated as [38]: 

 

= th

Qu

Qs
  )3(

 

This formulation provides a direct and reliable 

indicator of collector performance under varying 

solar radiation and environmental conditions. 

3. Numerical Model Development  

3.1.PTC heat transfer analysis and numerical 

modelling 

 

The calorific behavior of the PTC was examined 

across different mass flow rates and actual solar 

immittance conditions. A dynamic unidimensional 

heat transduction model was formulated for the Heat 

Collection Element, drawing upon the preservation of 

mass and power. The energy balance incorporates 

incident direct solar radiation, optical losses between 

the reflector and receiver, thermal reductions from the 

absorber and glass cover, and the effective thermal 

energy absorbed by the heat transfer fluid. 
The receiver was segmented into multiple control 

volumes along its axial length to establish the 

governing equations. Conservation equations were 

then applied to analyze each segment separately. 

Fig. 2 and Fig. 3 provide schematic illustrations of 

the receiver cross-section and a representative 

control volume. 

To support the mathematical formulation of the 

heat transfer model, the below hypothesis was 

adopted: 

 

  Axial heat conduction within the 

receiver cylinder and glass cover is 

disregarded. 

 

 We hypothesized that solar immittance 

reflected by the concentrator is specular 

and evenly distributed along the absorber 

length. 

 

 Heat losses from the receiver ends are 

negligible. 

 

 Thermophysical properties of all 

materials are supposed constant. 

 

  The heat transfer fluid is supposed to be 

incompressible and to undergo steady 

one-dimensional flow. 

 

 Temperature repartition on the direction 

of the circumferential path of the 

receiver is homogeneous. 

 

  The annular region separating the 

absorber tube from the glass envelope is 

filled with air maintained at a 

predetermined pressure. 
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Figure 2. An illustration of the control volume and 

photovoltaic receiver in cross-section 

 

 

 
Figure 3. An illustration of the control volume and 

solar receiver in cross-section 

 

3.2. Heat exchange – Case of Absorber surface / 

Heat Transfer liquid 

The heat transfer between the absorber tube and the 

heat transfer fluid (HTF) is predominantly regulated 

by convection occurring along the absorber’s inner 

wall. This process is described by applying the energy 

conservation principle to a differential fluid control 

volume, the following expression can be obtained 

[39]: 

 

 -

2

- ,  2

dT dTm Cpf ff f
A Cp

f f f dt dtx

d T
f

A k Qf f r f conv
dx


  
       

 

 (4)

 

Where 𝐴𝑓 denotes the fluid cross-sectional surface, 

𝜌𝑓  is the fluid density, and 𝑐𝑃𝑓
 denotes the exact 

heat potency of the liquid. 𝑚̇𝑓  mass flowing debit of 

the fluid, and 𝑘𝑓is the thermal conductivity.  

The convective heat entered by the heat 

transferring liquid is expressed as[40]. 

 
Q = πD hu int 

T -Tr- f,conv ab fab

 
  
 

    (5) 

Where  𝑫𝒂𝒃( int ) diameter interior of absorber, 𝒉𝒖 

useful heat transfer coefficients 

Useful heat coefficient  [41] 

 
  int 

k f
h Nu fu f D

ab


 

         

(6) 

For laminar flow (Re < 2300), the Nusselt 

numbers, 𝑁𝑈𝑓1
and 𝑁𝑈𝑓2

 under the boundary conditions 

of constant wall temperature (which is advised) and 

constant heat flux, respectively, are as follows [41] 

 

(7)  
33 3 3Nu = (3.66) +(0.7) + 1.615 Re Pr d -0.7f1 f f

3
1

62
+ Re Pr d      f f

1+22Prf

 






               



 

𝑄𝑟−𝑔,𝑐𝑜𝑛𝑣 

 𝑄𝑟−𝑔,𝑟𝑎𝑑 

𝑄𝑔−𝑠,𝑟𝑎𝑑 
𝑄𝑔−𝑠𝑎,𝑐𝑜𝑛𝑣 

𝑄𝑟−𝑓(conv) 

𝑄𝑟−𝑎𝑏𝑠 

Id 

Glass 

enveloppe 

Absorber pipe 

Heat transfert 

fluide  

𝑄𝑔−𝑎𝑏𝑠 

W 

S 

Sa 
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 

    

33 3 3Nu = & (4.354) +(0.6) + 1.953 Re Pr d -0.6f ff2

1
3 33+ 0.924 Pr Re Pr df f f









 (8) 

  In the transition region      (𝟐𝟑𝟎𝟎 ⩽ 𝑹𝒆 ⩽ 𝟒𝟎𝟎𝟎) 

This equation was proposed by Gnielinski [41] 

 Nu 1 Nu
(Lam.2300) 

Nu
(Turb,4000) 

f
 



 ٍ

 ٍ
 

(9)

 

Were:  

 2300

4000 2300

Re
f





 ٍ  
(10)

 

 

3.3. Heat transfer: case of glass envelope / 

environing environment.  

In the selected control volume, the energy 

balance for the glass envelope is formulated as 

follows [39]: 

 
2

-2

- -- , - ,- , - ,

dT d Tg g
A Cp A k Qg gg g g g absdt dx

Q Q Q Qr g conv g sa convr g rad g s rad


 
 
 

 

 

 (11) 

 

Q = WI ρ α γK     g-abs d 0 g  (12)

 

Where 𝑊 is the collector width, and 𝜌0 reflected 

surface reflectivity and  𝛼𝑔 is the absorbance factor of 

the glace, and 𝛾 is the shape coefficient. 

The representation of the incident angle modifier K 

is [23]. 

  21 0.00384 0.000143( )K      (13)

 

The provided equation was used to determine the 

direct sun radiation Id [42]. 

 cos exp -0I I T md L A R
    (14)

 

The atmospheric mass Am , and the integral Rayleigh 

optical thickness R are determined by [42] 

   
1

4 1.2539.410 ( 0.0678)  sin h sin hAm


       
(15)

 

      
26.6296 1.7513 0.12021

3 40.0065 0.00013    

 

m m
A A

m mR A A


 


   
(16)

 

 
-- , - , (int)    

Q Q D h T Tr g conv r gr g rad ab ext


 
 
 

   (17)

 

- ,- ,

- -      (  )  (  )    (  ) 

Q Qg sa convg s rad

D h T T h T Tg g ag ext c ext sky r ext
 

      
    

 


 (18)

 

The correlation by García-Valladares and Velázquez 

[43] ,[23] is advised for estimating natural convection 

between the exterior  air in windless conditions and 

the glass envelope. The physical characteristics of the 

surrounding air were determined based on the average 

temperature (Ta+Tg)/2, and Eq. (16) defines the 

external convection heat transfer coefficient. 

 
 

2
1

6

air air 0.6 0.387
 ext  16

9 9
160.559

1

air 

 
  
  
  
  
  
  
  

   
  

   
    
    

        
    

kRa
h

c D
g ext

Pr

 (19)

 

When wind is present, convection transitions to a 

forced mode, and Zhukauskas's correlation is 

recommended. Here, the ambient temperature is used 

to calculate the exterior air's physical characteristics, 

whereas 𝑃𝑟gis assessed at the glass envelope 
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temperature, thereby determining the external 

convection heat transfer coefficient [44] 

 

 

 

1

4

   

   

Pr
Re

Pr

n m air air

c ext air air

g g ext

k
h C P

D


 
 
 

 (20)

 

According to [23] [45] 

1<Re 40 C=0.75,n=0.4air „  ⇒  (21)

 

3
40<Re 10 C=0.51,n=0.5

air 
„ ⇒  (22)

 

3 5
10 Re 2 10 0.26, 0.6   C nair    „  (23)

 

5 6
2 10 Re 10 0.076, 0.7  C nair    „  (24)

 

0.37 Pr 10 

0.36 Pr 10 

airm

air








„
 (25)

 

The pressure within the annular space linking the 

receiver and the glass cover determines the inner 

convection heat exchange coefficient  inthc   When 

the annular pressure is below 0.013 Pa,   inthc   is 

assumed to be zero [43] . However, if the annular 

pressure exceeds 0.013 Pa, two horizontal, concentric 

cylinders and their natural convection relations are 

used to estimate   inthc  [23])[43].  The physical 

properties of the air within the annulus are calculated 

at the average temperature. 

Were 

 

 

3
-

4 5

int
ln

 

 3
-

3 5
  ( int    

D
g l

Dablet
Ra Rac eff

L D Deff gab ext





  
     

   
  
  

 


 (28)

 

   
-

   int

2

D D
ab extg

Leff   (29)

 

Pr
 

Ra Gr
eff a a

  (30)

 

Stefan Boltzmann's low-temperature method was 

employed to compute the heat exchange coefficients 

for interior and exterior radiation: 

 

       
2 2

273 273 546(h T T T Tg g gr ext sky sky      
 
  

 (31) 

 

       
22

273 273 546int  int 
h T T T Tg gab abr

      
 
  

 (32)

 

 

 

 int 

   

int 
1 -1

D
g

D
ab ext

g

gab




 





 
 
 
 

 
  
 

 (33)

 

Eq. (31) was used to estimate the evolution of the 

ambient temperature. [46]  

 
 - 14 -max maxmin min

cos
2 2 12

T T T T ST
T ta


 

 
 
 

 (34)

 

 

3.4. Heat Transfer: Receiver into Glass Envelope 

In the defined control volume, the thermal balance 

between the receiver and the glass envelope is 

expressed as mentioned bellow[39]: 

 

2keff 
hc int

Dg (int)
D lnab (ext)

Dab (ext) 



 
 
 

 
(26)

 

with  

 

1

14Pr
40.386

0.861 Pr

a
k k Raa ceff

a





 
 
 

 
(27)
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 
2

,2

- - -  - ,- , - ,

dT d T
ab abA Cp A k Q

ab ab ab ab ab r absdt dx

Q Q Qr g convr f conv r g rad

    
(35)

 

  0 0,Q WI Kr abs d     (36)

 

The transmittance–absorptance factor is computed as 

stated bellow [47]: 

 

  0

1 - 1 - 1 -

g ab

ab g

 



 

  (37)

 

 

4.Computational Modelling Procedure 

A fully implicit finite difference scheme is utilized to 

numerically resolve the governing equations, thereby 

guaranteeing stability amid transient operating 

regimes. Discretization converts the differential 

governing equations into a coupled system of 

algebraic equations, which are solved iteratively at 

each time step to determine the temperature 

distribution along the receiver and to forecast the 

outlet fluid temperature. 

A specialized computational code was implemented 

in MATLAB to execute the numerical solution 

procedure and to conduct theoretical calculations 

under varying operating conditions[22]: 

 

    %    /   100Deviation X X Xnum exp exp    (38)

 

The model was considered acceptable when the 

deviation remained within 5–6%. 

 

To validate the model, numerical predictions were 

benchmarked against empirical measurements, 

thereby assessing the fidelity of the proposed 

framework and its capacity to faithfully reproduce the 

thermal efficiency of the PTC. 

 
 

Figure 4. Flowchart Illustrating the Integrated practical 

and computationql Methodology of the PTC System 

Start 

Design & Fabrication of PTC 
 

Define PTC Geometry & Optical Parameters  

Installation & Alignment of PTC System 

Input Thermophysical Properties of Materials 

(Absorber tube, Glass envelope, Heat 

Transfer Fluid HTF) 
v 

End 

Experimental Thermal Efficiency Calculation 

Develop 1-D Transient Numerical Model 

(MATLAB) 

Apply Energy Balance Equations (Absorber tube 
+  Glass envelope +  HTF) 

 

Compute Theoretical Thermal Efficiency & 

Temperature Profiles 

Model Validation (Comparison with Experimental 

Results) 

Perform Parametric Study 

Conduct Outdoor Experiments & Data 

Acquisition   

Id, Tamb, Tin, Tout, mass flow rate ṁv 

Is deviation ≤ 5–

6% 

Results, Discussion & Conclusions 

Adjust 

Model 

Parameters 

Yes 

No 
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5. Results and Discussion  

Figure 4 exhibited the fluctuations of thermal 

efficiency throughout the day for both experimental 

and theoretical results. The efficiency increases 

steadily from morning hours, reaching a peak value of 

approximately 0.80 around solar noon (12:00–13:00 

h), corresponding to maximum solar irradiation. 

After midday, a gradual decline in efficiency is 

observed caused to the reduction in entering solar 

radiation and the increasing relative influence of 

thermal losses. The experimental and theoretical 

curves exhibit close agreement, with deviations 

remaining below 5%, indicating the reliability of the 

developed transient model. 

The built model was validated through comparison 

between simulated and experimental thermal 

efficiency values. The deviation between both results 

remained below 5% throughout the day, indicating 

strong agreement and confirming the reliability of the 

model. Therefore, the model can be confidently 

employed to predict the thermal potency and outing 

water temperature under varying functioning 

conditions. 

 
Figure 5. Water flow thermal efficiency of "0.09 

kg/s 

 

Figure 5 exhibits the fluctuation of immediate 

solar rays in the day on 21 June in Adrar. The 

irradiation increases rapidly during the morning, 

reaching a peak value of approximately 800 W/m² 

around solar noon (12:00–13:00 h), and then 

decreases subsequently toward the late afternoon. 

This behavior represents the typical diurnal solar 

profile and strongly affected the thermal receptivity 

of the PTC setup, since the heat gain is immediately 

dependent on the existing incident solar power. The 

reduction in irradiation after midday results in lower 

energy input and consequently decreases the collector 

thermal performance during afternoon hours. 

 

 
Figure 6. Water flow thermal efficiency of "0.09 kg/s 

 

Figure 6 presents the effect of absorber tube 

length on the outlet water temperature for different 

receiver lengths (L = 3, 5, 7, and 10 m). For all cases, 

the outlet temperature exhibits a progressive rise 

throughout the morning, attains its peak near solar 

noon, and subsequently declines during the afternoon 

in alignment with the irradiation pattern. The results 

indicate that increasing the absorber length 

significantly enhances the outlet temperature. The 

maximum temperature rises from approximately 

45°C for L = 3 m to nearly 95°C for L = 10 m. This 

enhancement primarily stems from the augmented 

effective heat transfer surface area and the extended 

heat exchange pathway, facilitating increased 

photovoltaic energy acquisition by the receptor and 

improved thermal energy transduction to the active 

fluid. 

 

 
Figure 7. The heat water temperature in the 24 h for 

a water rate (0.1 kg/s) 
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Figure 7 shows the temporal evolution of absorber 

temperature (Tabs), fluid temperature (Tf), and glass 

envelope temperature (Tg). The absorber temperature 

exhibits the highest values, reaching nearly 105°C 

around midday due to direct exposure to concentrated 

solar radiation. The fluid temperature remains lower, 

with a peak of approximately 80°C, representing the 

convective heat transfer occurring within the absorber 

tube. Meanwhile, the glass envelope temperature 

stays significantly lower and reaches a maximum of 

about 60°C, confirming its role in reducing heat 

losses to the environment. The temperature 

differential between Tabs and Tf constitutes the 

primary driving force for heat transfer to the fluid, 

while the relatively low Tg values indicate that the 

glass cover effectively limits thermal dissipation 

through convection and radiation. 

 

 
Figure 8. variation of Fluid, Absorber, and Glass 

Cover Temperatures in a PTC. 

Figure 8 illustrates the influence of debit rate on 

the temperature of expulsed water in the PTC system 

of the debit rate examined, 0.1 kg/s produced the max 

outlet temperature, reaching approximately 77°C near 

solar noon. This outcome stems from the elongated 

habitancy duration of the liquid in the absorber tube, 

thereby promoting greater heat absorption. Although 

elevated mass flow rates enhance internal convective 

heat transfer, they concurrently limit the fluid 

temperature rise due to reduced heat exchange 

duration. Across the tested range, 0.1 kg/s offers the 

optimal trade-off between efficient heat absorption 

and thermal  

 
Figure 9. The heat water temperature during the day 

for length 6m. 

 

Finally, Table 2 compares the present PTC system 

with previously published water‑ heating PTC 

studies, such as that reported in [48] (7.8 m × 5 m), 

achieved relatively high efficiency (70.93%) and 

higher mass debit (0.345 kg/s), reflecting the 

capability of larger collectors to intercept greater 

amounts of solar radiation. 

However, the study in[49] , although reporting a 

higher outlet water temperature (104 °C), exhibited 

lower thermal efficiency (53.4%). This suggests that 

elevated operating temperatures may intensify 

thermal losses, thereby reducing overall efficiency. 

    In contrast, the results reported in[50] 

demonstrated that smaller systems can achieve 

competitive efficiencies (66.3–68.8%) when 

operating within moderate temperature ranges. These 

findings highlight the inherent trade-off between 

collector size, mass flow rate, operating temperature, 

and thermal efficiency. 

  The present system achieves efficiency values 

comparable to those reported for larger installations, 

while maintaining moderate dimensions and mass 

flow rate. This indicates a balanced thermal 

performance suitable for practical applications. 
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Table 2. The findings of studies on heating water 

via Parabolic Trough Collectors (PTC) 

Refere

nces 

Mass 

flow 

rate 

(kg·s⁻ ¹

) 

Dimensi

on of 

PTC 

Temperat

ure (°C) 

Efficienc

y (%) 

Ref.[50]  0.00111 
1.82 m * 
1.03 m 

50 °C 49 % 

Ref.[49]  0.00111 1.49 m2 104 °C 53.4 % 

Ref.[48]  0.345 7.8 m x 5 m 47.24 °C 70.93 % 

Our 

work 
0.09 

1.4m x 0.9 

m 
75 °C 75 - 80 % 

 

6. Conclusions 

 

This study presented both experimental and 

computed investigations of a PTC (parabolic trough 

collector) operating under real-time climatic 

conditions. A transient one-dimensional heat transfer 

model was developed and validated using 

experimental data. The comparison between 

theoretical predictions and experimental 

measurements showed good agreement, with a 

deviation in thermal efficiency below 5%, confirming 

the reliability of the proposed model. 

The findings demonstrated that the receptor 

thermal performance is significantly influenced by 

the operating debit. Lower mass flow rates produced 

higher outlet water temperatures due to increased 

residence time in the inner receiver tube. Within the 

investigated range, a mass flow rate of 0.1 kg/s 

provided the most favorable compromise between 

heat absorption and stable thermal response. 

In addition, the numerical model can be used as an 

effective tool to optimize the PTC design parameters 

and operating conditions for hot water production in 

residential and commercial applications. The study 

also confirms that water represents an appropriate 

heat transfer fluid because of its availability, 

economic advantage, and adequate thermal 

characteristics, making the proposed system 

promising for medium-temperature solar thermal 

applications. 

Future work should focus on developing a more 

advanced model that incorporates thermal energy 

storage (TES) to improve system reliability and 

extend operation time. Further investigations are also 

recommended to evaluate alternative heat transfer 

fluids and absorber materials in order to enhance 

system productivity. Finally, implementing an 

automated dual-axis tracking system could 

significantly improve solar energy capture and 

overall collector performance. 
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Nomenclature  

A Cross sectional area (m2) 

C Specific heat (J/kg. K) 

D Diameter (m) 

h heat transfer coefficients (W/m2) 

I0 Solar constant 

Id Direct solar radiation(W/m2) 

K Incident angle modifier 

k Thermal conductivity (W/m. K) 

L Absorber length (m) 

m mass(kg) 

mf Mass flow rate(kg/s) 

mA Atmospheric masse 

Nu Nusselt number 

Pr Prandtl number 

Q Heat flow (W) 

Ra Rayleigh number 

Re Reynolds number 

T temperature(C) 

TL Link turbidity factor 

Greek 

a Absorptance factor 

a0 Transmittance absorptance factor 

𝛾 Shape factor 

𝜏 Transmittance factor 

𝜌0 Reflected surface reflectivity  

𝜌 density(kg/m3) 

𝛿𝑅 Integral Rayleigh optical thickness 

θ Incidence angle(rad) 

subscripts 
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a ambient 

abs Absorber pipe 

air air 

conv convection 

ext exterior 

eff effective 

f fluid 

g Glass envelope 

int interior 

lam laminar 

max maximum 

min minimum 

r receiver 

rad radiation 

sa Surrounding air 

s sky 
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