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Abstract— this review article deals with various 

methodologies adopted by present researcher for analysis of 

various thermal performance parameters of Evacuated Tube 

Solar Collectors along with Shell and Tube Heat Exchanger. 

Present review work will assist researchers working in the 

field of development of Evacuated Tube Collectors and Heat 

Exchanger design to get the key knowledge about the thermal 

performance parameters like Energy efficiency, Exergy 

efficiency, exergy losses, Mass flow rate of fluid, overall heat 

transfer coefficient, LMTD etc. In ETC and Heat exchanger, 

there are many types of Heat transfer fluids which are used to 

get the useful heat gain in respect of exergy analysis. The 

article progressively discusses about the research 

methodology, performance parameters, exergetic analysis of 

the system and the outcomes of the discussed researches and 

is intended to give the readers a brief variety of the researches 

carried out on Evacuated Tube Collectors and Heat 

Exchanger. 
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NOMENCLATURE 

 m: Mass flow rate  

 cp: Specific heat  

 T: Temperature  

 A: Area of collector 

 I: Solar radiation intensity   

 Uo: Overall heat transfer coefficient 

 Q: Heat transfer rate  

 Ao: Coiled tube area 

 LMTD: Logarithmic mean temperature difference 

 ETC: Evacuated Tube Collector 

Greek Symbols 

   Energy efficiency 

   Exergy efficiency 

Subscripts 

 ave  Average  

 e: Environmental conditions 

 in: Inlet  

 out: Outlet 

 a: Ambient  

 c: Cold 

 h: Hot 

 hx: Heat exchanger 

I. INTRODUCTION 

The twenty-first century is forming into the perfect energy 

storm. Rising energy prices, diminishing energy availability 

and security, and growing environmental concerns are 

quickly changing the global energy panorama. Energy and 

water are the keys to modern life and provide the basis 

necessity for sustained economic development. The primary 

renewable energy sources are the Sun, wind, biomass, tides, 

waves, and the Earth’s heat (geothermal). Solar energy is 

referred to as renewable and/or sustainable energy because it 

will be available as long as the Sun continues to shine [1]. 

The sun radiates energy uniformly in all directions in the form 

of electromagnetic waves and the sun provides the energy 

needed to sustain life in our solar system. It is clean, 

inexhaustible, abundantly and universally available source of 

renewable energy and the major drawback of solar energy are 

that it is a dilute from of energy, which is available 

intermittently and uncertainly, and not steadily and 

continuously. Thus, to make the efficient use of solar energy 

we have many solar energy applications like solar 

desalination, solar drying systems, solar water heating 

systems, solar air heating system, solar photovoltaics etc. In 

this review paper, a study about solar water heating systems 

has been carried out along with Heat Exchanger. In Solar 

water heating systems solar collectors are used to convert 

solar energy to thermal for heating applications. In solar 

water heating system the term exergy is used to find out the 

maximum useful work to get when the system is in complete 

equilibrium. The term exergy is first introduced by Rant in 

1956 [2]. In addition, the evacuated tube-heat pipe 

mechanism is adopted for transferring the useful heat at a 

higher efficiency. In such evacuated tube systems, losses are 

significantly reduced due to vacuum enclose. Both diffuse as 

well as beam component of solar radiation are converted to 

useful heat. Heat Exchanger mechanism is adopted for 

transferring heat from one medium to another. Heat 

exchanger is used in closed loop systems to improve the 

performance of Solar Water Heating Systems. Typically in 

India there are mainly two types of solar collectors are in use 

these are as follows; 

 Flat Plate Collectors 

 Evacuated Tube Collectors 

This article presents a review on previous studies 

carried out on thermal performance analysis of Evacuated 

tube collectors along with Heat Exchanger. According to 

many researchers ETC have many advantages over FPC. 

Variously solar collectors configurations can help to obtain a 

large range of temperatures for example, 20-80 °C is the 

operating temperature range for flat plate collectors and for 

an evacuated tube collectors temperature range is in between 

50-200 °C [3]. Major drawbacks of using FPC’s over ETC’s 

are: 

 Convection heat loss through glass cover from collector 

plate and 

 Absence of sun tracking. 
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II. SOLAR WATER HEATING SYSTEMS 

Solar Water Heater is a device that helps in heating water by 

using the energy from the SUN. This energy is totally free. 

Solar energy (sun rays) is used for heating water. Water is 

easily heated to a temperature of 60-80 °C [4]. SWH systems 

are generally very simple using only sunlight to heat water. A 

solar water heater is a combination of a solar collector array, 

an energy transfer system, and a storage tank. The main part 

of a solar water heater is the solar collector array, which 

absorbs solar radiation and converts it to heat. This heat is 

then absorbed by a heat transfer fluid (water, non-freezing 

liquid, or air) that passes through the collector. This heat can 

then be stored or used directly. Because as it is understood, 

portions of the solar energy system are exposed to weather 

conditions, they must be protected from freezing and 

overheating caused by high insolation levels during periods 

of low energy demand [5]. 

A. Main Component 

SWH generally consists of: 

 A solar radiation collector panel, 

 A storage tank, 

 A pump, 

 A heat exchanger 

 Piping units 

 Auxiliary heating units. 

Here two main components of solar water heating 

system are discussed in brief; 

B. Evacuated Tube Collector 

Evacuated-Tube Collectors are made up of rows of parallel, 

transparent glass tubes [6]. Each tube consists of a glass outer 

tube and an inner tube, or absorber, covered with a selective 

coating that absorbs solar energy well but inhibits radiative 

heat loss. The air is withdrawn (“evacuated”) from the space 

between the tubes to form a vacuum, which eliminates 

conductive and convective heat loss. They are most suited to 

extremely cold ambient temperatures or in situations of 

consistently low-light. They are also used in industrial 

applications, where high water temperatures or steam need to 

be generated where they become more cost effective. Figure 

1.1 shows the working principle of evacuated tube collector. 

 
Fig. 1: Evacuated tube collector [7] 

C. Heat Exchanger 

Heat Exchanger is a device in which the exchange of energy 

takes place between two fluids at different temperature. A 

heat exchanger utilizes the fact that, 'where ever there is a 

temperature difference, flow of energy occurs'. The flowing 

fluids provide the necessary temperature difference and thus 

force the energy to flow between them.  

 
Fig. 2: Heat Exchanger [8] 

III. EXERGY ANALYSIS 

In thermodynamics, the exergy of a system is the maximum 

useful work possible during a process that brings the system 

into equilibrium with a heat reservoir or surrounding.  Exergy 

is a measure that indicates to what degree energy is 

convertible to other forms of energy [2]. Exergy analysis 

takes into account the different thermodynamic values of 

different energy forms and quantities. The exergy transfer 

associated with shaft work is equal to the shaft work. The 

exergy transfer associated with heat transfer, however, 

depends on the temperature at which it occurs in relation to 

the temperature of the reference environment [9]. 

IV. PREVIOUS RESEARCH 

In the recent times, due to global warming and projected 

fossil fuel depletion in reserves the utilization of Renewable 

energy got more attention. In this regard, solar energy is 

projected one of the most reliable alternative energy sources 

due to its abandon availability and environment friendliness. 

So in this regard Exergy analysis of Evacuated tube collectors 

and Heat exchangers have potential use in the field of 

scientific researches, in industries and can also use for 

domestic purposes. It is the extensive research where many 

researchers are still working on it to make the correct use of 

energy resources. 

The literature review is broadly divided into two 

categories. These are as follows; 

 Previous work carried out on Exergy analysis of 

Evacuated Tube Collectors. 

 Previous work carried out on Exergy analysis of Heat 

Exchanger. 

A. Previous Work Carried out on Exergy Analysis of 

Evacuated Tube Collector 

Yildizihan et al. [10] carried out Exergy analysis of a vacuum 

tube solar collector system having indirect working principle. 

The results showed that the average energy and exergy 

efficiencies of the experimental system were founded 12% 

and 0.3%, respectively. The average energy and exergy 

efficiencies of the vacuum tube solar collectors were founded 

13.6% and 1.3%. 
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Pandey et al. [11] experimentally investigated 

Thermal performance evaluation of direct flow solar water 

heating system using exergetic approach. At different flow 

rates they carried out experimentation evaluation of system. 

The results found best for 15 LPH and it is found minimum 

for 30 LPH. Also, the energy efficiency was found to be 

higher than that of the exergy efficiency for all the flow rates 

which is due to the fact that energy represents the quantity of 

energy, while exergy represents the quality of energy and also 

includes the irreversibility’s associated with this system. 

Kumar et al. [12] investigated a solar still augmented 

with an evacuated tube collector in forced mode. The 

optimum daily yield had been obtained as 3.9 kg with energy 

and exergy efficiencies as 33.8% and 2.6% respectively 

during typical summer day. 

Singh et al. [13] evaluated Performance of a solar 

still integrated with evacuated tube collector in natural mode. 

The respective daily energy and exergy efficiencies have 

been obtained as 33.0% and 2.5% and maximum along with 

daily yield of 3.8 kg/m2. 

Daghigh et al. [14] carried out experimental analysis 

of thermal performance of a solar water heating system with 

evacuated tube heat pipe collector. The trend of changes for 

exergetic efficiency were ascending as the time is passed. At 

the end of the day, this efficiency reaches its maximum level, 

around 5.4%. The comparison of theoretical and experimental 

results was indicative of the capability of the developed 

model in predicting the performance of heat pipe solar water 

heater with maximum relative error of 8.4% and the 

maximum standard error of 1.91%. 

Ersoz et al. [15] evaluated effects of different 

working fluid use on the energy and exergy performance for 

evacuated tube solar collector with thermosyphon heat pipe. 

The lowest energy and exergy efficiencies occur in the 

THPETC-Hexane under 2, 3 and 4 ms-1, and the highest 

energy efficiency occurs in the THPETC-Acetone for air 

velocity of 2 and 3 ms-1 and in the THPETC Chloroform for 

air velocity of 4 ms-1. The highest exergy efficiency occurs 

in the THPETC-Acetone for air velocity of 2 ms-1 and in the 

THPETC-Chloroform for air velocity of 3 and 4 ms-1. 

B. Previous Work Carried out on Exergy Analysis of Heat 

Exchanger 

Dizaji et al. [16] conducted experimental analysis on air 

bubbles injection into a vertical shell and coiled tube heat 

exchanger; exergy and NTU analysis. A shell and coiled tube 

heat exchanger was tested under air bubble injection into the 

shell side of the heat exchanger. In all conditions with bubble 

injection, the NTU, exergy loss and effectiveness are always 

higher than those for heat exchanger without air bubble 

injection.  

Jafarmadar et al. [17] investigated the effect of flow, 

thermodynamic and geometrical characteristics on exergy 

loss in shell and coiled tube heat exchangers. The key 

findings showed that exergy loss increases with the increase 

of shell or coil side flow rate. Dimensionless exergy loss can 

increase or decrease with the increase of flow rates. It 

depends on Cmin. Both of the exergy loss and dimensionless 

exergy loss increase with the increase of coil side inlet 

temperature and decrease of shell side inlet temperature. 

Dizaji et al. [18] investigated a comprehensive 

second law analysis for tube-in-tube helically coiled heat 

exchangers. Findings showed that, enhancement of hot or 

cold water flow rates, hot water inlet temperature and coil 

diameter increase the amount of exergy loss. Maximum 

augmentation of exergy loss was occurred in parallel flow 

configuration. Higher hot water flow rate with lower inlet 

temperature and also lower cold water flow rate with higher 

inlet temperature can enhance the second law efficiency of 

heat exchanger. 

Asaadi et al. [19] carried out Experimental exergy 

analysis for shell and tube heat exchanger made of corrugated 

shell and corrugated tube. The results showed that, 

corrugations causes increment of both exergy loss and NTU. 

If both tube and shell are corrugated, the exergy loss and NTU 

increase about 17% - 81% and 34% - 60% respectively. 

Maximum exergy loss was observed for heat exchanger made 

of convex corrugated tube and concave corrugated shell. 

Khorasani et al. [20] experimentally carried out 

Effect of air bubble injection on the performance of a 

horizontal helical shell and coiled tube heat exchanger. The 

key findings showed that, the results exhibited a significant 

increase in the effectiveness and NTU of the heat exchanger 

as the air bubbles were injected. It was observed that the NTU 

and effectiveness of the heat exchanger were increased 

significantly due to the air bubbles injection. 

V. ENERGY AND EXERGY ANALYSIS OF EVACUATED TUBE 

COLLECTORS 

A. Energy Analysis 

Energy analysis is associated with the first law of 

thermodynamics through energy balances and energy 

efficiencies. The Energy analysis of Evacuated tube Solar 

Collector has been made to obtain energy efficiency by 

supplying the energy to the system with respect of useful 

energy gain, incident energy, and absorbed energy [11]. 
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Where,   is the energy efficiency of the system.  

B. Exergy Analysis 

Energy analysis method alone is not enough to understand all 

the aspects of energy utilization processes of the systems. 

Also, it does not quantify the usefulness or quality of the 

various energy streams flowing through a system and exiting 

as products and wastes. So, exergy analysis method, based on 

the first and second laws thermodynamics, is used to 

understand and improve the real efficiencies of the system. 

Therefore, the Exergy efficiency of the system can 

be calculated as follows [11]: 
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Where,   is the exergy efficiency of the system. 

VI. OVERALL HEAT TRANSFER COEFFICIENT AND 

EXERGETIC EFFECTIVENESS 

The experimental average overall heat transfer coefficient in 

the heat exchanger can be obtained by the following 

correlations [16, 17]. 
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Exergetic effectiveness can be calculated by this 

equation [16, 17] 
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VII. CONCLUSION 

The review article carried a thorough study about the thermal 

performance parameters of Evacuated tube collector along 

with heat exchanger.  

 The conversion of solar radiation in the evaluation of 

direct-solar systems leads to extremely high exergy 

losses in the direct solar systems. 

 Exergy efficiency of solar water heating systems is 

highly dependent on the daily solar radiation and 

radiation intensity.  

 To improve the energy efficiency, exergy efficiency, 

overall heat transfer rate of Heat exchanger system. The 

design parameters of solar water heating system can be 

optimized. 

 It is noted that the Exergetic and Energy efficiencies of 

Evacuated tube solar water heating system can be 

increased by the use of nano fluids.  
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