
IJSTE - International Journal of Science Technology & Engineering | Volume 8 | Issue 3 | September 2021 
ISSN (online): 2349-784X 

 All rights reserved by www.ijste.org 
 

14 

Design and Development of Solar Parabolic 

Trough Prototype 

  

Saurabh Varma Bhushan Akhare 

Student Assistant Professor 

Department of Mechanical Engineering Department of Mechanical Engineering 

Malwa Institute of Science and Technology, India Malwa Institute of Science and Technology, India 

 

Abstract 

 

For steam generation we used the solar parabola trough concentrator. In this Prototype (Cad modeling) includes steel pipe, iron 

pipe, aluminium pipe, copper pipe and steel sheet (concentrator). Our objective is to find out the outlet temperature and temperature 

variation with the help of ANSYS 14.5 workbench. The solar pipe made by ANSYS workbench and analyzed and find out the 

outlet temperature. First we would made cad model the solar pipe and then applied the boundary condition and last run the software 

and get the result. In this software give some input values in the geometry i.e. inlet velocity, inlet temperature, atmospheric pressure 

and heat flux. We have also used no slip boundary condition. In this analysis the flow of water is Laminar flow, no slip wall 

condition and the geometry model is k-e model. The Computational Fluid Dynamics CFD analysis of model is 3D analysis and 

single phase based analysis. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The solar energy has been the most favorite renewable energy source in the present times. It is noted for its high reliability than 

other systems and allows more energy generation than other renewable resources. But the overall capacity of solar systems is 

limited due to its space requirements and low efficiency particularly in flat plate tube and evacuated tube units. The lower heating 

capacity of fluid in flat plate and evacuated tube solar units limits the rise in temperature and reduces the thermal efficiency. This 

reduces its utilization in commercial areas reducing its reach as emerging potential market for taping solar energy. Energy generated 

from solar, wind, ocean, tidal, hydropower, biomass, geothermal resources, bio fuels and hydrogen is renewable resources. Non-

renewable energy is energy sources that cannot resupply in the near future such as coal, oil, petroleum and natural gas. Renewable 

and non-renewable energy sources can be used to produce secondary energy sources as electricity. 

II. LITERATURE REVIEW 

Hank price et al. 2002 advances in parabola trough solar power technology in this literature a complete collector module can be 

measured and completely evaluated in a short time. This is significant improvement compared to existing methods. This paper 

reviews the current state of the art of parabolic through solar power technology and described the R&D efforts that are in progress 

to enhance this technology. 

 M J Brooks et al. 2006, performance of a parabolic trough solar collector the primary aim of this literature is to establish baseline 

performance of a PTSC research module, Results will be used in an ongoing solar research program to quantify improvements to 

concentrating collector components, tracking methodologies, operating techniques and the test facility’s data acquisition system. 

The collector time constants for both receivers indicate low thermal inertia and the measured acceptance angles exceed the tracking 

accuracy of the PTSC, ensuring the collector operates within 2% of its optimal efficiency at all times. 

 Yanjuan Wang et al. 2013, Performance analysis of a parabolic trough solar collector with non-uniform solar flux conditions. 

The HTF temperature difference of the cross-section decreases with the increase of   the inlet velocity of the HTF, increase with 

the rising DNI, and almost remains the same with the increase of the inlet temperature of the HTF. In PTC system FEM method is 

used to investigate thermal performance numerically, whereas solar energy flux profile is computed by ray tracing method. 

 David H. Lobón et.al. 2015, Modeling direct steam generation in solar collectors with multiphase CFD The direct steam 

generation in parabolic-trough solar collectors, using water as heat-transfer fluid, is an attractive option for the economic 

improvement of parabolic trough technology for solar thermal electricity generation in the multi megawatt range or industrial 

process heat supply. 

 A.A. Hachicha et.al. 2015, On the CFD&HT of the flow around a parabolic trough solar collector under real working conditions: 

Parabolic trough solar collector is currently one of the most mature and prominent solar applications for production of electricity. 

These systems are usually located in open terrain where strong winds may occur and affect their stability and optical performance, 

as well as, the heat exchange between the solar receiver and the ambient air. 
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 Alhassan Salami Tijania et.al. 2016, Simulation analysis of thermal losses of parabolic trough solar collector in Malaysia using 

computational fluid dynamics. The increase trend in fuel price coupled with escalating carbon dioxide concentration and energy 

security have encouraged the world to shift towards renewable energy sources. 

 Parabolic trough collector is the most proven technology for indirect steam generation in solar thermal power plants. Since the 

annual average daily solar radiation for Malaysia are from 4.21 KWh/m2 to 5.56 KWh/m2 and sunshine duration is more than 

2200 hours per year, parabolic trough solar collector is a very promising technology in the renewable energy field. His purpose of 

this paper is to simulate and describe the heat losses (radiation and convection) associated with heat collection element (HCE) of 

Solar Parabolic Trough Collector (PTC), the effect of different wind speeds and mass flow rate of the heat transfer    fluid (HTF) 

on thermal losses were investigated. The receiver of the parabolic trough is modeled in CFD code ANSYS Fluent environment 

and the geometry is similar to that of LS-2 parabolic trough solar collector. Some assumptions have been made to ease and simplify 

the simulation. It resulted in a favorably low temperature of the glass envelope as compared to the temperature of the absorber. 

The convection and radiation heat loss to the surrounding was calculated by the resulting temperature of the glass envelope from 

the simulation model. 

 Meseret Tesfay 2016, CFD Analysis of sensible thermal energy storage System using solid medium in solar thermal power 

plant. Solar thermal power generation is a modern technology, which has already shown feasible results in the production of 

electricity. Thermal energy storage (TES) is an essential feature of solar thermal power plants .Economic, efficient and reliable 

thermal energy storage systems are a key need of solar thermal power plants, in order to smooth out the insolation changes during 

intermittent cloudy weather condition or during night period, to allow the operation. To address this goal, based on the parabolic 

trough power plants, sensible heat storage system with operation temperature between 3000C – 3900C can be used. 

III. DESIGN AND DEVELOPMENT 

Cad modeling of a parabolic trough prototype is the major work of this thesis work. The analysis of the results is dependent on 

reliable data’s. However, if all the right procedures of design methods are thoroughly followed, the accuracy of the model will 

converge to the theoretical expectation. Standard design procedures have been implemented to come up with an accurate design, 

as much as possible. As far recent tools in design and simulation, the prototype is designed using Pro-e software, which provides 

modeling. 

 
Fig. 1: Cad modeling of parabola 

 The assembly at the geometrical focus of the parabolic trough consists of a metallic tube enclosed within an evacuated cylindrical 

glass-shield .the metallic tube which the water fluid is flowing. The fluid properties are highly temperature dependent and required 

functions for this property shown below. The geometry consists of two concentric cylinders (Glass and Pipe) with two fluid regions 

for the water fluid inner cylinder and the vacuum region. In the present analysis, geometry is considered to be oriented along the 

axis. But we considered only one cylinder (pipe) for the simulation. 

 Solar parabola system steel pipe design on the Pro-E modeling software use same basic value of the solar system. It’s 

provides solid modeling assembly modeling and drafting, CFD Analysis, direct and parametric modeling. Pro/ENGINEER was 

the industry's first rule-based constraint (sometimes called "parametric" or "variation") 3D CAD modeling system. The parametric 

modeling approach uses parameters, dimensions, features, and relationships to capture intended product behavior and create a 

recipe which enables design automation and the optimization of design and product development processes. 
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Fig. 2: Model of receiver tube generated by ANSYS workbench 14.5 

. 
Table – 1 

Details of Absorber Tube 

Material Stainless steel 

Coating Black chrome 

External Dia. 25mm 

Wall thickness 2.5mm 

Length 300 cm 
 

Table – 2 

Parabolic Trough Dimension 

Parameter Dimensions 

Length 300 cm 

Focal length 30 cm 

Width 100 cm 

Diameter of tube (OD) 25 cm 

Aperture area 30000  
 

 Material properties 

All fluid properties are given below in table and their Ideal values are also given to help analysis of computational fluid dynamics. 
Table – 4.3 

Fluid properties 

S.No. Properties Value 

1 Density (kg/m3) 1000 

2 Heat capacity (j/kg k) 4185.5 

3 Thermal conductivity (W/m k) 0.6 

4 Kinematic Viscosity (m2/sec) 0.801*10^-6 

5 Dynamic viscosity (Pa.sec) 0.0798*10^-3 

 Geometry Meshing 

The geometry was discretized with a structured multi block mesh generated using the ANSYS work bench 14.5 through fluent. 

The complete geometry was divided and cells find the number of node = 76752 and element = 53567 for all domain. 

 
Fig. 3: meshing of the fluid 
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Fig. 4: meshing of the receiver tube 

 The governing equation would be solved using finite volume method by the CFD solver available with ANSYS fluent 14.5.The 

3D study state conservations equation are there by, solved independently with the coupling between the momentum  and continuity 

equation being archived using the pressure based module. 

IV. CONCLUSION 

Solar parabola system steel pipe design on the Pro-E modelling software use same basic value of the solar system. It’s 

provides solid modelling assembly modelling and drafting, CFD Analysis, direct and parametric modelling. Pro/ENGINEER was 

the industry's first rule-based constraint (sometimes called "parametric" or "variational") 3D CAD modelling 

system. The parametric modelling approach uses parameters, dimensions, features, and relationships to capture intended product 

behaviour and create a recipe which enables design automation and the optimization of design and product development processes. 
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