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Abstract— Solar thermal system play an important role in 

providing non-polluting energy for domestic and industrial 

applications. In India, the Rajasthan and Gujarat states have 

the potential for widespread application of Parabolic through 

solar collector to harness the solar energy. Parabolic trough 

solar collectors effectively produce heat at temperature 

ranging from 50 to 400°C. These temperature are generally 

high enough for most industrial heating processes and 

application, the great majority of which run below 300 ° C. 

In order to maximize heat transfer, the receiver tube need to 

be augmented. Many researchers have presented different 

heat enhancement technique like inserting perforated plats, 

twisted tap, porous media, baffles, fins etc. In this research 

review, parabolic trough solar collector is presented for high 

heat transfer in receiver tube with different configure of 

porous media. 
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I. INTRODUCTION 

The main drawback of the conventional flat plate and 

evacuated tube collector is its inability to generate higher 

temperature more than 100℃. Concentrating solar collector 

can generate higher temperature up to 2000℃. So, 

concentrating collectors are suitable for filling high 

temperature energy demand in which most portion includes 

power generation and industrial process heat. This section 

includes introduction to parabolic trough solar collector 

(PTC), porous media and PTC with porous receiver. 

A. Concentrating Solar Collectors 

The function of solar collector is to absorb the solar 

radiation and convert that into heat energy, this heat is 

carried away through heat transfer fluid (HTF). This heat 

transfer fluid absorb heat from absorber and provide heating 

where needed. In large power generation, the heat transfer 

fluid transfer that heat to heat storage system and then 

transfer to steam generator through another cycle. 

There are two types of solar collectors. Non-

concentrating and concentrating collector. In non-

concentrating collectors, the same area is used for both 

interception and absorption of incident radiation. While in 

concentrating solar collectors, it utilize optical elements to 

focus large amounts of radiation onto a small receiving area 

called receiver and track the sun throughout day to maintain 

the maximum solar flux at their receiver. 

There are four types of concentrating solar 

collectors generally use in concentrating type solar collector 

1) Parabolic trough collector 

2) Central tower collector 

3) Linear Fresnel collector 

4) Parabolic dish collector 

To deliver high temperatures with good efficiency 

a high-performance solar collector is required. Systems with 

light structures and low-cost technology for process heat 

applications up to 400℃ could be obtained with parabolic 

trough collectors. 

As per fundamental of thermodynamic, power 

cycles which converting heat energy in to mechanical 

energy is more efficient at the high temperature. But at the 

high temperature the losses in the collector is higher so at 

that time collector efficiency will low. Thus, for any 

available concentration ratio there is an optimum working 

temperature at which the overall conversion efficiency will 

be maximum from the solar energy to produced mechanical 

work output. 

B. Parabolic trough solar collector 

The parabola surface focuses a collimated beam of radiation 

into a single point which is called focal point. Perfect 

focusing at focal point is only possible when the beam 

radiation is perfectly parallel to the optical axis of the 

parabola surface. Parabolic trough collector is shown in 

Fig.1 

 
Fig. 1: Parabolic trough solar collector. 

In the parabolic trough solar collector, 

concentrators are made of reflective sheets, which are 

bended in parabolic shape. Usually polished aluminum 

sheets and silvered acrylic sheets are used to made reflective 

surfaces of concentrator. It reflect the collimated beam 

radiation and focuses on the linear receiver at focal point of 

parabola. The concentration of sunlight is achieved by 

mirrors directing the sunlight onto a receiver, where the 

absorbed energy is transferred to a heat transfer fluid. Many 

such sheets may put together in series and parallel to form 

long troughs. These modules are supported from the ground 

by rigid frames at both ends to avoid straining. The 

parabolic trough collector design features light structure and 

relatively high efficiency. 
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The receiver may be tubular or planer in shape and 

the annular is made of evacuated glass tube to reduce the 

convective heat losses from tube surface. However glass 

cover without evacuation could also use to reduce the cost 

of receiver. This absorber is either rigidly attached to the 

reflector or to its support structure. To reduce the heat 

losses, absorber surface is often covered with a selective 

coating that features high solar absorbance and low thermal 

emittance. The glass tube is also coated with antireflective 

coating to enhance transmissivity. 

Both east–west and north–south tracking 

orientations have been implemented, with the former 

collecting more thermal energy annually, and the latter 

collecting more energy in the summer months when energy 

consumption is generally the highest. The tracking 

mechanism of PTC should high accurate to trace the sun for 

achieving efficient heating of the receiver tube. Orientation 

of tracking depends on the application and whether more 

energy is needed during winter or summer. Parabolic trough 

collectors are generally exposed to open area, so it must be 

robust enough to withstand the wind drag and prevent 

deviations from normal insolation incidence. 

Parabolic trough collector performance depends on 

the accuracy of structure, reflectivity of the mirror, incident 

angle, tracking error, intercept factor, absorptivity of the 

receiver, receiver tube misalignment, and heat loss from the 

receiver. Optical efficiency of parabolic trough collector 

depends on image quality of the mirror, errors in surface 

contour, slope error, collector assembly and alignment of the 

receiver tube etc. 

The applications of parabolic trough collector are 

mainly industrial process heat (IPH), Power generation, low-

temperature heat demand with high consumption rates like 

domestic hot water (DHW), space heating, swimming pool 

heating, heat-driven refrigeration and cooling, irrigation 

water pumping and desalination etc. 

C. Porous Media 

A Porous medium is a material which consisting of a solid 

matrix with the interconnected void or pore. The 

interconnectedness of the pore allows the fluid to flow 

through the media. If all voids of porous media are filled 

with fluid than such porous media is called as saturated 

porous media. The skeletal material of porous media are 

usually a solid, but sometime structures like foams could 

also usefully analyzed using concept of porous media. A 

Porous medium is most often characterized by its porosity. 

Other properties like Porosity, Particle Diameter, 

Permeability, Material, Pores structure also important to 

consider but derivation of this properties are usually 

complex. 

The porosity of a porous medium is defined as the 

fraction of total volume of the medium to space occupied by 

voids in that media. 

D. Parabolic trough solar collector with porous receiver 

The selection of receiver in parabolic trough collector is 

very important to increase heat transfer and reducing the 

heat loss to surrounding. There are several ways to increase 

the heat transfer in receiver of parabolic trough solar 

collector like inserting perforated plats, twisted tap, porous 

media, baffles, fins etc. 

The heat transfer rate inside the receiver can be 

enhanced by creating turbulence or increasing contact area 

between the receiver and the heat transfer fluid. This can be 

achieved by introducing porous media inside the receiver. In 

the receiver Porous media could be introduce with different 

configuration like fin, disc, baffles, longitudinal bed, 

concentric tube, concentric rod etc. 

Using porous media like metallic foams for heat 

transfer enhancement is novel method. Metallic foam has 

excellent heat transfer performance due to its considerable 

advantages of large specific area, high solid thermal 

conductivity and strong mixing capability. 

The application of porous media to enhance the 

heat transfer is gives following advantages.  

1) Provide high heat capacity to the receiver. 

2) It disturb the boundary layer and reduce the 

thermal resistant of fluid 

3) It increase the intensity of turbulence and augment 

the mixing of fluid 

4) Porous media increase the effective thermal 

conductivity of fluid 

5) Porous media provide high heat surface area to 

enhance the heat transfer  

II. LITERATURE REVIEW 

These are the research reviews subjected to parabolic trough 

collector with porous receiver to improve the performance 

of PTC. 

A. Eric W. Grald, Thomas H. Kuehn 1989 [1] 

They investigate the thermal performance of parabolic 

trough solar collector with an innovative porous absorber 

receiver. Cross section of receiver is shown in Fig. 2 

They used one-dimensional finite difference 

computer program to compute steady state fluid velocity and 

transient temperature distributions along the line of vertical 

symmetry near the midpoint of the collector. Reflector’s 

length and width are 1.78 m and 1.14 m respectively with 

0.9 reflectivity of concentrator. 

 
Fig. 1: Cross section of line receiver. [1] 

Influence of mass flow rate, acceptance angle, 

receiver dimensions and material properties on the thermal 

efficiency is determined. Here radial velocity profile is 

obtained by solving for continuity equation using an implicit 

solution scheme. The porous absorber consists of several 

layers of etched stainless steel screen with 50 meshes per 
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inch (20 per cm). The porosity of screen is 0.4. Suction 

velocity at the absorber surface was fixed at 8.11  
     m/s, which corresponds to a suction Peclet number of 

25 in the inlet channel. Around three hours is required to 

reach an equilibrium condition at which the maximum liquid 

temperature condition at which the liquid temperature is 

312°C. The results shows that as the outlet temperature 

increases, smaller acceptance half-angle results in higher 

efficiencies because the losses through the inlet channel are 

less. Envelop radius at 3.81 cm thermal efficiency is 

maximum with maximum fluid outlet temperature. Result 

indicated that the radial dimension of the receiver should be 

as small as possible to minimize heat loss.  

In practice, receiver size is limited by the optics of 

the reflector, mass flow rate and pressure drop desired in the 

collector. The result for simulation using  various values of 

fluid conductivity strongly influence on collector 

performance and thermal efficiency decrease with increase 

in fluid conductivity because at high outlet temperature heat 

conduction from absorber through the fluid inlet channel 

becomes the dominant thermal loss and the collector 

efficiency is reduced dramatically. At high outlet 

temperature, large improvements in performance can be 

realized for small reduction in insulation conductivity. 

B. K. Ravi Kumar, K.S. Reddy 2009 [2]  

They presented 3-D numerical model for thermal analysis of 

PTC with porous disc receiver. The influence of thermic 

fluid properties, receiver design and solar radiation 

concentration on overall heat collection is investigated. The 

analysis is carried out based on renormalization-group 

(RNG) K–ε turbulent model by using Therminol-VP1 as 

working fluid. 

Porous disc with PTC is shown in Fig. 3 The 

porous discs are placed in two halves of the circular tubes by 

gluing with thermal epoxy separately and welded together to 

give the shape of the circular receiver. Length of the 

receiver is 2 m, Thickness of the porous disc is 2 mm and 

O.D. of receiver is 70 mm. 

 
Fig. 2: Receiver of parabolic trough collector with porous 

disc. [2] 

The governing equations were solved using finite 

volume method by segregated implicit solver with first order 

formulation with CFD commercial software FLUENT-6.2. 

The geometrical model is created and meshed using 

commercial software GAMBIT with a Quadrilateral cell. 

The triangular mesh is used for the inlet and outlet faces, 

whereas the hybrid/tetragonal mesh are used for volume 

mesh. A 3-D steady state turbulent RNG k–e model with 

standard wall functions was used for the simulation of 

forced convection in the receiver. This RNG model is 

expected to yield improved prediction of near wall flows, 

separated flows and flows in curved geometries such as 

tubular and intricate surfaces. The solution is based on 

pressure correction method using SIMPLEC algorithm. The 

first order upwind differencing scheme is used for 

momentum and energy equations. The solution is considered 

to be converged sufficiently when the normalized residual of 

    for momentum and mass and     for energy equations 

is reached. 

Thermal analysis of the receiver is carried out for 

various geometrical parameters such as angle (h), 

orientation, height of the disc (H) and distance between the 

discs (w) and for different heat flux conditions. Result 

shows that Nusselt number and drag coefficient decreases 

with increase in distance between the discs (w). The receiver 

showed better heat transfer characteristics; the top porous 

disc configuration having      , H = 0.5   and      . 
The heat transfer characteristic enhances about 64.3% in 

terms of Nusselt number with a pressure drop of 457 Pa 

against the tubular receiver. 

C. K. Ravi Kumar, K. S. Reddy 2012 [3]  

They presented the effect of porous disc receiver 

configurations on performance of PTC. Heat transfer 

enhancement with porous disc receiver is studied with water 

and therminol oil as heat transfer fluid. The receiver tube is 

made of stainless steel. The solid or porous disc in the 

receiver can be fixed by using various methods such as 

casting, gluing with thermal epoxy and joining etc. 

Schematic of PTC and fluid flow through the porous 

medium along the length of the receiver is shown in Fig. 4. 

The porous medium is made of stainless steel with 57 

longitudinal holes in staggered manner. 

 

 
Fig. 3: Schematic of PTC and fluid flow through the porous 

medium along the length of the receiver. [3] 

The outside diameter of stainless steel block is 

equal to the inside diameter of the receiver pipe. The porous 

block of 100 mm is inserted in the 200 mm long tube. The 5 

mm gap has been given at the inlet between the receiver and 

the porous stainless steel block and 95 mm gap has been 

given at the outlet of the receiver to avoid the recirculation 
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effect of fluid in the pressure drop measurement. The 

numerical analysis of the receiver has been carried out with 

different porosity from 0.1 to 0.6 to evolve the porous 

hydraulic properties.  

A three dimensional (3-D) numerical simulation of 

porous disc enhanced receiver is carried out using 

commercial CFD software Fluent 6.3 to evolve the optimum 

configuration. The 3-D numerical model is solved by 

renormalization-group based k-e turbulent model associated 

with standard wall function. The effect of porous disc 

receiver configurations (solid disc at bottom; porous disc at 

bottom; porous disc at top; and alternative porous disc) on 

performance of the trough concentrator is investigated. Fig. 

5 shows different porous disc receiver configure which are 

consider to analyze the performance. 

The mass flow rate of the fluid has been varied for 

both water and therminol oil from 0.5 to 1 kg/s; the 

corresponding Reynolds numbers are 11,750 to 23,450 for 

water and 225 to 450 for therminol oil. The effect of porous 

disc geometric parameters and fluid parameters (Pr and m) 

on heat transfer enhancement of the receiver is also studied. 

The numerical simulation results show that the flow pattern 

around the solid and porous discs are entirely different and it 

significantly influences the local heat transfer coefficient. 

The porous disc receiver experiences low pressure drop as 

compared to that of solid disc receiver due to less 

obstruction. 

 
Fig. 4: Receiver porous material configurations (a) tubular 

receiver without disc (PDR-I) (b) vertical solid half discs at 

bottom (PDR-II) (c) vertical full porous discs (PDR-III) (d) 

vertical half porous discs at bottom (PDR-IV)  (e) inclined 

half porous discs at bottom (PDR-V) (f) inclined half porous 

discs at top (PDR-VI) and (g) alternative half porous discs 

(PDR-VII).[3] 

The Nusselt number and friction factor correlations 

are proposed for porous disc receiver to calculate heat 

transfer characteristics. The receiver configurations, PDR-

IV for water and PDR-V for therminol oil were arrived as 

optimum configuration respectively with heat transfer 

enhancement of 221 W/m (13.5%) with pumping penalty of 

0.014 W/m and 575 W/m (31.4%) with pumping penalty of 

0.074 W/m as compared to that of tubular receiver at the 

mass flow rate of 0.5 kg/s. 

D. K. S. Reddy, K. Ravi Kumar, G. V. Satyanarayana 2008 

[4] 

They numerically investigate thermal analysis of an energy-

efficient receiver for solar parabolic trough concentrator. 

The thermal analysis of the receiver is carried out for 

various geometrical parameters, such as fin aspect ratio, 

thickness, and porosity, for different heat flux conditions. 

The schematic (sectional view) of the porous receiver (fins) 

with boundary conditions is shown in Fig. 6 

 
Fig. 5: Solar parabolic trough receiver with porous 

inclusions (fins). [4] 

Numerical models are proposed for a porous 

energy-efficient receiver for internal heat gain 

characteristics and heat loss due to natural convection. The 

internal flow and heat transfer analysis is carried out based 

on a RNG k-ε turbulent model, whereas external heat losses 

are treated as a laminar natural convection model. The 

governing equations are solved using the finite volume 

method by segregated implicit solver with first-order 

formulation using CFD commercial software FLUENT 6.2. 

The inclusion of porous inserts in tubular receiver of solar 

trough concentrator enhanced the heat transfer about 17.5% 

with a pressure penalty of 2 kPa. A comparative study is 

carried out with different porous geometries to evolve an 

optimum configuration of energy-efficient receivers. The 

performance characteristics of tubular, solid longitudinal fin, 

and porous fin receiver configurations are evaluated to 

arrive an optimum design of the system. 

The heat transfer coefficient is maximum for the 

aspect ratio 2.2 and decreases with decreasing the aspect 

ratio. Aspect ratio is ratio of height of the fin to thickness of 

the fin. For a high aspect ratio, the contact area for the flow 

increases, which increases the pressure drop across the 

receiver accordingly. The heat transfer coefficient is 

increased about 21% with the porous fin receiver as 

compared to the tubular receiver. Lastly concluded that the 

shorter fins were more favorable for improved heat transfer 

and pressure drop in the porous fin receiver, the increase in 

heat transfer coefficient was significant for a fin thickness of 

4 mm. 

E. K. S. Reddy, G. V. Satyanarayana. 2008 [5]  

They investigate 3-D numerical model is developed to 

evaluate the performance of the receiver with various 

configurations of porous inserts of square, triangular, 

trapezoidal and circular shapes. The receiver is made of a 

stainless tube with 70-mm outer diameter and porous fins 

are placed circumferentially at the bottom half of the 

receiver and at regular intervals along the length of the 

receiver. The model is solved by k-ε RNG with standard 

wall function approach using the CFD package FLUENT. 

The performance of the receiver is investigated under 

various solar radiation and heat loss conditions. The model 

is in reasonable agreement with the Dittus-Boulter equation 

and deviates only 4.7% for all mass flow rates. It is observed 
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that the heat transfer coefficient increases by 2–8% as the 

Concentration ratio increases from 15 to 35. The 8-mm 

square fin gives a high heat transfer coefficient with 

considerable pressure drop. The heat transfer coefficient of 

the square porous fin receiver increases by 21% when 

compared to the tubular receiver. The square fin that is 4 

mm thick and has l/d = 1 is found to be a better 

configuration.  The trapezoidal porous fin of a 4-mm 

thickness with a tip-to-base thickness ratio (λ) equal to 0.25 

and ratio of consecutive fin distance to diameter of the 

receiver (l/d) equal to one showed optimal heat transfer and 

pressure drop characteristics. The trapezoidal porous inserts 

in the tubular receiver of the solar trough concentrator 

enhanced the heat transfer for about 13.8% at a fluid mass 

flow rate of 6.4 kg/s with only 1.7 kPa of pressure penalty. 

F. Aggrey Mwesigye, Tunde Bello-Ochende, Josua P. 

Meyer 2014 [6] 

 They performed numerical investigation of heat transfer, 

fluid friction and thermodynamic performance of a receiver 

with a centrally placed perforated plate inserts is presented. 

The analysis was carried out for different perforated plate 

with geometrical parameters including dimensionless plate 

orientation angle, dimensionless plate spacing, and 

dimensionless plate diameter. The length and width of 

reflector is 7.8 m and 6 m respectively with reflectivity of 

0.96, while receiver (stainless steel tube) outer diameter is 

70 mm with transmissivity 0.97 and absorptivity 0.96. Rim 

angle is selected as 80°  and concentration ratio is 86. 

Porosity of plate was 0.65 and plate thickness is 1.5 mm. 

The space between the absorber tube and the glass cover is 

considered evacuated to very low vacuum pressures (0.013 

Pa). The Reynolds number varies in the range       
                   depending on the heat transfer 

fluid temperature. The porosity of the plate was fixed at 

0.65. 

The study shows that, for a given value of insert 

orientation, insert spacing and insert size, there is a range of 

Reynolds numbers for which the thermal performance of the 

receiver improves with the use of perforated plate inserts. In 

this range, the modified thermal efficiency increases 

between 1.2% and 8%. The thermodynamic performance of 

the receiver due to inclusion of perforated plate inserts is 

shown to improve for flow rates lower than 0.01205    ⁄ . 

Nusselt number and friction factor are strongly 

dependent on the spacing and size of the insert as well as 

flow Reynolds number. For the range of Reynolds numbers, 

temperatures and geometrical parameters considered, the 

Nusselt number increases about 8–133.5% with friction 

factor penalties in the range 1.40–95 times compared to a 

receiver with a plain absorber tube while the thermal 

enhancement factors are in the range 0.44–1.05.  

G. H.J. Xu, Z.G. Qu, W.Q. Tao 2011 [7]  

They presented an analytical solution for fully developed 

forced convection in a tube partially filled with open-celled 

metallic foams. Schematic representation of a tube partially 

filled with metallic foams is shown in Fig. 7.  

 
Fig. 6: Schematic representation of a tube partially filled 

with metallic foams. [7] 

In the foam region, the Brinkman flow model is 

used to describe the fluid transport, and the local thermal 

non-equilibrium model is adopted to represent the fluid–

solid energy exchange. At the foam–fluid interface, 

interfacial coupling conditions for temperature are proposed 

and used to derive the analytical solution. Velocity and 

temperature profiles are derived from this solution, and 

explicit expressions for the friction factor and the Nusselt 

number are obtained. A parametric study is conducted to 

study the influences of various factors on flow resistance 

and heat transfer performance.  

The results are well agree with the classical 

solutions of two limiting case: the hollow tube; and the tube 

fully filled with metallic foam. The friction factor decreases 

with an increase in porosity, and an optimal porosity that 

can maximize the Nusselt number exists. Conversely, the 

friction factor increases with an increase in pore density. 

Moreover, the Nusselt number sharply decreases for small 

pore densities and is gradually reduced to a specific value 

for large pore densities. The dimensionless interfacial radius 

   < 0.35 is recommended if only the heat transfer 

performance is concerned. The factor     (    )
 
 ⁄⁄  is 

applied to evaluate the comprehensive performance in term 

of both heat transfer and pressure-drop penalty. The 

dimensionless interfacial radius,    < 0.2 is recommended 

for tubes partially filled with metallic foam, and the 

comprehensive performance is superior to that of the hollow 

tube for the wide range of fluid-to-solid thermal 

conductivity ratios,     ⁄       of most metallic foams. 

H. P. Wang, D.Y. Liu, C. Xu 2013 [8]  

They present numerical simulation investigates the effect of 

inserting metal foams in receiver tube of parabolic trough 

collector on heat transfer. The effects of layout (top/bottom), 

geometrical parameter (H), and porosity (u) of metal foams 

on the flow resistant, heat transfer and thermo-hydraulic 

performance are analyzed. Cross section of receiver tube 

filled with metal foams is shown in Fig. 8. Layout of metal 

foams inserted in receiver tube is shown in Fig.  9. 
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Fig. 7: Cross section of receiver tube filled with metal 

foams.[8] 

 
Fig. 8: Layout of metal foams inserted in receiver tube.[8] 

Optimum thermo-hydraulic performance 

considering the flow resistance increase is obtained when H 

= 0.25 (bottom), Nu increases about 5–10 times with the 

increase of f 10–20 times and the Performance evaluation 

criteria (PEC)      ⁄  range from 1.4 to 3.2. Optimum 

thermal performance is obtained when H = 0.75 (top), Nu 

increases about 10–12 times with the increase of f 400–700 

times and the PEC range from 1.1 to 1.5. The maximum 

circumferential temperature difference on the out surface of 

receiver tube decreases about 45% which will greatly reduce 

the thermal stress. The result shows that for constant layout 

and u, the H effects on the thermal performance greatly, but 

for constant layout and H, the u effects on the thermal 

performance slightly. 

III. CONCLUSION 

Use of proper porous media in receiver could increase the 

heat enhancement in receiver of parabolic trough solar 

collector. Experiment and CFD result shows that heat 

transfer co-efficient increase in the porous receivers. The 

heat transfer enhancement is owing to higher heat transfer 

area, high effective thermal conductivity and turbulence. For 

evaluating the performance of porous receiver for high heat 

transfer and low pumping penalty, Performance evaluation 

criteria (PEC) could be considered. Porous media with high 

effective conductivity increase the heat transfer rate 

compare to smooth tube, however increase the pressure 

drop. High porosity porous media decrease the pressure 

drop. High thermal conductive of porous media, turbulence 

in flow and high heat transfer area increases the heat 

enhancement. 
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