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Abstract— Solar energy is the ultimate source of energy for 

the Earth. Parabolic Trough Collector (PTC) is the widely 

used solar energy collector as it can give a temperature range 

varying from 50°C to 400°C.Various methods are being 

employed to enhance the efficiency of the PTC system. Most 

common methods are enhancing the reflectivity of the 

collector surface, absorptive capacity of the absorber tube, 

using high thermal capacity fluid in the absorber tube and 

using inserts in the flow of fluid in the absorber tube. In this 

review paper, a detailed study on different types of inserts in 

PTC absorber tube done by researchers have been presented. 
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I. INTRODUCTION 

A parabolic trough collector (PTC) has a collecting surface in 

the form of a parabola, which reflects the incident radiation 

on the receiver tube. It is also called cylindrical parabolic 

collector or linear parabolic collector. Its basic elements are- 

A. Receiver 

It has mainly two components. The absorber tube and the 

concentric transparent cover. The absorber tube is located at 

the focal axis through which the liquid to be heated flows. 

The absorber tube is generally made of steel or copper and 

coated with heat resistant black paint and generally 

surrounded with concentric glass cover .In some high 

performance collectors absorber tube is coated with selective 

surfaces and space between the tube and glass cover is 

evacuated. The concentric glass cover helps in reducing 

radiation and convection losses. 

B. Concentrator 

This consists of the reflector and the supportive structure. The 

reflector is a curved parabolic mirror which focuses the solar 

radiation on the absorber tube. The supportive structures are 

used to give the whole assembly a strong base so that it can 

withstand the air blows and other disturbances. 

C. Tracking Mechanism 

It is used to fix the collector axis so that it is always parallel 

in the direction of Sun.  

Various terminologies associated with the parabolic 

trough collector are given below: 

1) Aperture (W): It is the plane opening of the concentrator 

through which the solar radiation passes. In case of a 

PTC it is characterized by the width of the collecting 

surface. 

2) The area concentration ratio(C): The ratio of effective 

area of the aperture to the surface area of the absorber. It 

is also named as the geometric concentration ratio or 

simply the concentration ratio. 

3) The intercept factor (ᵞ): It is the fraction of radiation 

reflected by the mirror surface or refracted through the 

lens surface which get incident on the absorber surface 

4) The acceptance angle (2ϴa): It is the angle over which 

the beam radiation may deviate from the normal to the 

aperture plane and yet reach the absorber. 

5) Rim angle (Ф r): It is the angle between the reflector 

plane and the absorber tube surface which is facing the 

reflecting surface. 

 
Fig. 1: Parabolic trough collector 

 
Fig. 2: PTC in cross section 

II. HEAT ENHANCEMENT TECHNIQUES FOR SOLAR THERMAL 

CONVERSION SYSTEMS 

The process of improving the performance of a solar thermal 

conversion system is referred to as the heat transfer 

enhancement technique. The major problem in designing a 

solar thermal conversion system is to make it efficient, 

economical and easily available. The subject of heat transfer 

in this system deals with the design of an effective and 

economical solar thermal conversion system. The heat 

enhancement in these system can be done by various methods 

like enhancing the reflectivity of collector surface, absorption 

capacity of the receiver surfaces, high thermal conductive 

material for fabrication of the absorber tube, using high heat 

absorbing capacity fluid in the absorber tube, disturbing the 

convective boundary layer in the absorber tube by using the 
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inserts so that there is heat transfer enhancement in these 

systems etc. In heat enhancement techniques using inserts we 

are generally focused on heat augmentation by convection 

heat transfer mechanism. As we know that convection heat 

transfer depends upon the fluid properties like density, 

viscosity, thermal conductivity, specific heat, surface 

geometry and flow conditions. Hence the convective heat 

transfer has dependency upon the boundary layer that 

develops on the surface. Enhancement techniques increase 

convective heat transfer by reducing thermal resistance in a 

heat transfer system by increasing the convective heat 

transfer coefficient. 

The liquid heated in the collector depends upon the 

temperature required. Usually organic heat transfer liquids 

also known as thermic fluid are used. Because of their low 

thermal conductivity these liquids yield low heat transfer 

coefficients. So enhancement devices in the form of inserts 

are used to increase the heat transfer coefficient value as these 

devices will disturb the boundary layer and hence an increase 

in turbulence so there would be enhancement in heat transfer. 

These devices mainly create secondary flow, increase 

turbulence and /or provides additional heat transfer surface 

area. 

The heat transfer rate can be increased by the 

following different enhancement techniques. These are 

classified as- 

 Passive Technique 

 Active Technique 

 Compound Technique 

A. Passive Techniques 

Passive Techniques use surface or geometrical modifications 

or inserts or additional devices. These devices promote the 

heat transfer by altering the existing flow behavior except the 

extended surfaces which increase the heat transfer rate by 

increasing the surface area for convection. This technique, 

however, is accompanied by an increase in the pressure drop. 

In passive techniques there is no need to give power 

from outside because due to turbulence there is proper mixing 

of fluid and hence some energy losses. In case of the passive 

technique there is random distribution of velocity vector and 

so increase in randomness and energy losses.  So it is required 

to make some modification in the passive heat enhancement 

technique so that the energy losses are minimum. Some of the 

common turbulence promoters used are treated surfaces, 

rough surfaces, extended surfaces, displaced enhancement 

surfaces, swirl flow devices, coiled tubes, surface tension 

devices, additives for liquids and gases etc. 

B. Active Techniques 

Active Techniques essentially facilitates the desired flow 

modification and improvement in the heat transfer rate by the 

addition of external power. This external power can be static 

field, suction, injection, cam and follower, electrostatic field, 

jet impingement, fluid vibration etc. But due to complexity in 

working and design and so in the associated cost these 

methods don’t get much attention in the heat transfer 

enhancement. 

C. Compound Techniques 

Compound Techniques use two or more techniques (passive 

and/or active) in combination. Some of the commonly used 

compound techniques are electromagnetic field with twisted 

tape insert, twisted tape with finned wall surface, finned tube 

subjected to vibration, pulsation of air introduced in fluidized 

bed combustion, rough cylinder with vibrations etc. 

The effectiveness of any of these methods is 

strongly dependent on the mode of heat transfer (single-phase 

free or forced convection, pool boiling, forced convection, 

boiling or condensation, and convective mass transfer) and 

type and process application of the heat transfer system. 

III. LITERATURE REVIEW 

M. Natarajan et al [1] using CFD, did numerical simulation 

of the heat transfer characteristics of the PTC copper absorber 

tube with insertions of triangular, inverted triangular and 

semi-circular cross sections. The water flow rate was 

considered to be 85kg/hr with top and bottom layer of the tube 

receiving the solar radiation of 870.5W/m2 and 28226.3W/m2 

respectively. The water inlet temperature is 307.157K.Tube 

with triangular insertion gives the better temperature 

distribution as compared to plain tube. Triangular insertion 

gives the best temperature distribution as compared to other 

insertions although it has disadvantage of more pressure drop 

as compared to plain tube. 

K. Syed Jafar and B. Sivaraman [2] using ANOVA, 

did optimization of performance characteristics of the 

absorber tube of PTC with twisted tapes using Response 

Surface Methodology (RSM).From RSM it was observed that 

the friction factor and Nusselt number responses were the 

function of Reynold number and twist ratio inputs. From the 

generated equation it was observed that the Nusselt number 

response increases when the twist ratio decrease with increase 

in Reynold number. Friction factor decrease with increase in 

Reynold number. 

Ketan Diwan and M.S. Soni [3] studied with the help 

of COSMOL Muliphysics® 4.4, heat transfer in absorber 

tube of PTC using wire-coils inserts for various flow rate of 

water and pitch value of coil inserts. It was found that the 

Nusselt number is increased by 104% to 330% as compared 

to plain tube. Friction factor decreased with increase in the 

pitch value. Pressure drop is always present when using wire 

coil inserts. 

Dnyaneshwar R.Waghole et al [4] did heat transfer 

and friction factor study on silver nano-fluid in an absorber 

tube of PTC with twisted tapes. The experiment was 

conducted for the Reynold number range 500≤Re≤6000 with 

twist ratio range 0.577≤H/D≤1.732. The Nusselt number, 

friction factor and enhancement efficiency were found to be 

1.25-2.10 times, 1.0-1.75 times and 1.35-2.10 times 

respectively. 

Z. Huang et al [5] using CFD did numerical 

investigation of the heat transfer in the absorber tube of the 

PTC using dimples, protrusions and helical fins for fully 

developed turbulent flow. The result indicated that the dimple 

gives the superior performance of heat transfer augmentation 

as compared to other geometries. The investigation further 

show that the dimples with narrower pitch ,deeper depth and 

more number in circumference direction is beneficial for 

improving the performance of  heat enhancement while 

arrangements with variation has no advantage. 

Sh. Ghadirijafarbeigloo et al [6] using Soltrace 

software did the 3-D numerical simulation of heat transfer 

and turbulent flow with Reynold number range of 5000-

25000 using Behran thermal oil as a fluid in a receiver tube 
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of solar PTC with louvered twisted-tape inserts having pitch 

ratio of 2.67, 4 and 5.33.The study revealed that the Nusselt 

number and pressure drop increased by 150% and 210% 

respectively in comparison with a typical plain twisted-tape.  

Mya Mya Mon et al [7] using CFD, COMSOL 

Multiphysics® 4.3b and fluids Therminol VP1, Therminol 

VP59 and Syltherm 800 studied temperature distribution for 

the absorber tube of a PTC. The study revealed that outlet 

temperature of Syltherm 800 is most suitable for the absorber 

tube.  

Aggrey Mwesigye et al[8] using ANSYS®14.5 

studied multi-objective and thermodynamic optimization of 

the PTC with perforated inserts having turbulent flow range 

of 1.02 × 104 ≤ Re ≤ 1.36×106. From study it was found that 

optimal Reynold number shown to decrease with increasing 

plate size and decreasing plate spacing. At a given Reynold 

number entropy generation was shown to decrease with 

increasing orientation angle.  

M. Yaghoubi et al [9] did analysis of the heat losses 

of the absorber tube of PTC of Shiraz (Iran) solar power plant. 

They experimentally and numerically found the impact of 

failure of heat collecting tubes. Heat losses were found 

numerically for three different types of tubes:-Vacuum (air), 

lost vacuum (air) and broken glasses (bare) tube. From 

numerical study it was found that heat losses from broken 

glass tube was maximum and due to this there was 12-16% 

reduction in the thermal performance. 

K. S. Reddy & G. V. Satyanarayana [10] using CFD 

package Fluent did numerical study for the porous finned 

receiver of the PTC. In this study different porous geometries 

of the fin were used to evaluate the pressure drop and fluid 

flow characteristics. From study it was found that the porous 

trapezoidal receiver enhanced the heat transfer by 13.8% for 

tip-to-base ratio of 0.25 at a mass flow rate of 6.4kg/sec 

having a pressure penalty of 1.7kPa. 

C. Tzivanidis et al [11] using Solidworks did thermal 

and optical efficiency investigation of the PTC. From the 

study it was observed that the solar collector efficiency was 

about 75% for high temperature level. At an incident angle of 

20° in the longitude direction, the angle efficiency modifier 

is greater than 0.8. 

Parvathi Gorantla et al [12] did experimental 

analysis for the design, fabrication and performance analysis 

of the low cost PTC. From the study it was found that the PTC 

which is made of poly vinyl chloride (PVC) is capable of 

delivering the concentrated heat energy throughout the day. 

By optimizing the flow rate of heat transfer fluid it can be 

used to produce steam. The overall thermal efficiency of the 

system was found to be 30.77%. 

V. K. Jebasingh and G. M. Joselin Herbert [13] did 

experimental and numerical analysis using MSC NASTRAN 

of elliptical absorber tube of PTC for better heat transfer. The 

study was conducted for the mass flow rate of .014, .021 and 

.028kg/sec. From the study it was found that there was 

uniform temperature distribution in case of elliptical absorber 

so there was less thermal fatigue. The outlet temperature also 

shows an increase in the temperature. Hence an increase in 

the collector efficiency. 

Nagarajan Krishnamurthy and S. Senthikumar [14] 

did experimental analysis for the heat transfer and fluid flow 

characteristics of the absorber tube of PTC with twisted tapes 

in the turbulent flow regime of the Reynold number 1192 to 

2534.The twisted tapes have the twist ratio of 6,8 and 10.The 

results indicated that with decrease of twist ratio there was 

increase in both friction factor and Nusselt number. But the 

increase in Nusselt number is more than friction factor. Heat 

transfer increase with increase in swirl of the fluid which is 

due to the decrement in twist ratio. 

Evangelos Bellos et al[15] did the detailed working 

fluid investigation for the PTC. The fluid used are Pressurized 

water, Therminol VP-1, nitrate molten salt, sodium liquid, air, 

carbon dioxide and helium within the specific temperature 

range. After determining the optimum mass flow rate for 

every working fluid, the exegetic and energetic performance 

of the collector with these working fluids were examined. The 

final results show that the liquid sodium leads to the global 

exegetic  maximum efficiency (47.48%) for inlet temperature 

equal to 800 K. Pressurized water is the best working medium 

for low-medium temperature levels up to 550 K, while carbon 

dioxide and helium are the only solutions for temperatures 

greater than 1100 K.  

Kapse A. A et al [16] experimentally studied heat 

transfer and pressure drop characteristics in a circular 

absorber tube fitted with combined twisted tape and helical 

screw tape insert and four different combinations of these 

tools were studied and average Nusselt number and friction 

factor were calculated with Reynolds number ranging from 

12,000 to 24,000. Based on overall enhancement ratio, 

optimum combination of tool was proposed, where helical 

screw tape is inserted in the initial 1/3rd  length of the tube and 

twisted tape in the remaining 2/3rd length.  

Kiran Prakashrao Deshmukh et al [17] using CFD 

did numerical simulation for enhancement of heat transfer in 

a tube with and without rod helical tape swirl generators and 

found that Nusselt number is increased by 160% for the full 

length helical tape with centered-rod, 150% for the full-length 

tape without rod and 145% for the regularly spaced helical 

tape in comparison with the plain tube. 

Jian Guo et al [18] using Fluent 6.3.26 numerically 

studied heat transfer and friction factor characteristics of 

laminar flow of water in a circular absorber tube fitted with 

center-cleared twisted tape and found that the thermal 

performance factor of the tube with center-cleared twisted 

tape is by 7 to 20% as compared with the tube with 

conventional twisted tape. 

S. Vahidifar and M. Kahrom [19] did experimental 

study of heat transfer enhancement in a heated absorber tube 

fitted with wire-coil and ring and found that Nusselt number 

increases as the thickness of ring and wire increases. Wire 

coils give superior performance than the ring for heat transfer 

and friction factor. Nusselt number is 2.3-2.4 times as 

compared to plain absorber tube. The fluid used is hot water 

and air. 

Suraj C Belagali and K Arpana [20] using Creo 2.0 

did CFD study for twisted tape inserts in a horizontal absorber 

tube and found that heat transfer rate is increasing at varying 

the width of tape at constant Reynold number and heat 

transfer coefficient is not changing with increasing the 

Reynold number and it is increasing with decrease of width 

of twisted tape insert. The fluid used is air. 

Ujjwal Kumar Deb et al [21] used COSMOL 

Multiphysics 4.2a software for the simulation of heat transfer 

in a tubular U-loop absorber pipe using the rectangular inserts 

and without insert. The fluid used is water. From the 
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simulated result it was found that the transfer of heat 

significantly increased with the increasing number of inserts 

inside the computational domain of the U-loop pipe. But this 

fluctuation is not in a regular way. 

Sadashiv and Madhukeshwara.N [22] using ANSYS 

FLUENT did numerical study of a absorber tube with and 

without rod in a helical tape swirl generator and found that 

the for the tube fitted with full length helical tape with centre 

rod Nusselt number is increased by 160% and by 150% for 

full length helical tape without rod as compared to plain tube. 

The fluid taken was air in the inner tube and water in the outer 

tube of the heat exchanger. 

M. M. K. Bhuiya et al [23] did an experimental 

investigation for turbulent flow with Reynold number from 

15000 to 47000 through a absorber tube with perforated strip 

inserts using air as the fluid. The heat transfer and friction 

factor were found to be 2.80 times and 1.8 times respectively 

as that of the plain tube. Maximum heat transfer is found for 

strip with porosity of 4.4%. 

M. A. Rashid Sarkar et al [24] experimentally 

studied heat transfer in turbulent flow regime with Reynold 

number range of 1.3-5.2×104 through absorber tube with 

perforated twisted tape insert having air as the fluid and found 

that for the same Reynold number heat transfer coefficient 

was increased by 5.5 times, pumping power by 1.8 times and 

heat transfer effectiveness was increased by 4.0 times as 

compared to plain tube. 

M.M.K. Bhuiya et al [25] experimentally studied 

heat transfer performance of the double helical twisted tape 

in turbulent flow regime with air as the fluid and found the 

effects of insertion with different helix angles on heat transfer 

and pressure drop in the absorber tube, for Reynolds number 

ranging from 22,000 to 51,000. Experimental results showed 

that the Nusselt number increased by 305% and friction factor 

by 170% as compared to plain tube. Maximum thermal 

enhancement efficiency is 215% at a helix angle of 9° as 

compared to plain tube. These parameters i.e. Nusselt number 

and maximum thermal performance increase with decreasing 

helix angles. 

IV. CONCLUSION 

This review paper describes the experimental and CFD work 

on the absorber tube having inserts. From the review study it 

was found that inserts cause a significant increase in the heat 

transfer augmentation accompanied with increase in pressure 

drop. Although with perforated inserts there was considerable 

decrease in the pressure drop. 
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