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Abstract:  In order to promote the usage of environmentally friendly energy, it is of utmost importance to conduct a 

thorough analysis of the efficiency of solar air-water heaters. The incorporation of both the drain back system and the open 

loop system can play a vital role in enhancing the efficiency of air-water heaters that are powered by solar energy. The 

utilization of non-pressurized systems has brought about significant changes in the operation of air-water heaters used in 

industrial heating processes. Moreover, the introduction of a large piping system has been found to result in a 

considerable increase in the efficiency of air-water heaters used for industrial heating purposes. 

 

Efficiency of the ventilation applications can be increased to a great extent by increasing efficiency of the air-water 

heaters operated by solar energy and this can be highly effective for betterment of the industrial heating procedure. In 

order to absorb radiation, the collectors used in the air-water heaters can show a high level of effectiveness. Along with this, 

temperature of water can have a huge impact on the procedure of industrial heating by air-water heaters operated by solar 

energy. Usage of the Series-parallel type of combination has led to significant improvement in the functioning of air-water 

heaters used in the purpose of industrial heating. At the same time, usage of metal plates as connectors can lead to positive 

outcomes in the development procedure of air-water heaters. 

 

Index Terms - Air-water heaters, Heat transfer, Industrial heating, Temperature, Transferring heat, storage tanks, 

High performance. 

I. INTRODUCTION 

Investigation on the solar thermal system is highly crucial in order to increase the usage of environment friendly energy. Solar air 

and water heaters can be of several types and the most used types are drain back system, active open loop system and the passive 

system of solar water heating. In production of distilled water, the role of solar water heater is highly important [51] [55]. It has 

been found that the usage of non-pressurised systems in solar water heaters can show a high level of efficiency in the process of 

industrial heating. Moreover, a large system of piping is another requirement which needs to be fulfilled by the designers of the 

solar water heaters. On the other hand, solar air heaters have been found as crucial in increasing efficiency of the ventilat ion 

applications. This study has evaluated the efficiency of the solar air-water heaters in exchange of heat within the process of 

industrial heating [1] [3]. [56-70] Patel Anand et al. for different geometries of the solar collector in various Solar Heater devices 

along with [71, 72, 73] analyses different condition in a heat exchanger. All these combined studies add to this review paper to 

provide additional improvements in the current topic. 

 

II. OBJECTIVES 

 

 To analyse the role of air-water heaters in increasing the efficiency of heat transfer within the procedure of 

industrial heating. 

 To Identify the problems associated with air-water heaters when it comes to the heat transfer process in 

industrial heating systems. 

 To analyse the effectiveness of the several types of air-water heaters in the industrial heating procedure. 

 To identify the most effective methods of resolving the issues in industrial heating by solar air-water heaters. 

 

 

III. METHODOLOGY 

 

For the purpose of collecting information on the most efficient type of air-water heaters that are operated by solar energy, this 

research has collected information from the journals and articles of authors whose writings have been recognized for their repute. 

This study has collected quantitative information from secondary sources in order to provide qualitative information [12]. In 
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addition to these, a thematic analysis method has also been used in the data analysis process by the researcher for the purpose of 

analysing the data. Authenticity and reliability of information are the most important factors which have been taken into 

consideration during the collection of data as part of this study. By collecting secondary data, one can reduce the cost and time 

involved in the process of conducting research as a result of a reduction in costs and time [8] [10]. 

 

The data gathered is analysed in order to evaluate the efficacy of the solar air-water heater system with a heat exchanger. Based 

on the acquired data, parameters such as thermal efficiency, heat transfer rates, and overall system performance are computed 

[18]. To obtain relevant insights and patterns from data, statistical analysis and mathematical modelling may be used.  

 

 

IV. WORKING PRINCIPLE OF AIR-WATER HEATER FOR THE PROCESS OF INDUSTRIAL HEATING 

 

 
  

Figure 1: Structure of air-water heaters[3] 

 

Collectors are used in air-water heaters which can absorb radiation in an effective manner. The absorbed radiation is converted 

into heat energy by this device [2] [26] [12]. At the same time, circulating pumps are used to pass the heat energy to water tanks 

of the system. It has been observed that Thermal regulators can play an important role in increasing efficiency of the procedure of 

industrial heating [22]. Temperature and density of water has been found as the other important factors which are taken into 

account in the designing procedure of air-water heaters operated by solar energy. Series-parallel combination has been found in 

the designing of collectors and this factor plays a crucial role in transferring heat for industrial purposes [3] [9]. 
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Figure 2: Procedure of solar water heating[4] 

 

The temperature of the backup system can also be distinguished as another critical factor that has a huge impact on the industrial 

heat transfer process and can have a significant impact on the success of the process as well [49] [18]. Moreover, it has also been 

identified that the construction of solar collectors is one of the most crucial functions that needs to be carried out with the utmost 

precision in order to avoid the possibility of having an adverse effect on the procedure of industrial heat transfer. As a result, in 

order to construct air-water heaters in this case, metal plates can be used as connectors in the process of constructing the heaters 

[4]. 

 

V. EFFECTIVENESS OF THE SEVERAL TYPES OF AIR-WATER HEATERS IN THE 

INDUSTRIAL HEATING PROCEDURE 

 

The drain back system can be marked as one of the most effective types of air-water heating used in the process of industrial 

heating. Usage of pump has been found as an important factor in this case which can affect the procedure of industrial heating 

[22] [19]. Air vents along with pressure gauge are the main determinants of functioning of this system of air-water heating for 

industrial purposes.  

 

 
  

Figure 3: Structure of solar collector[7] 
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Active open loop has been identified as the other system which uses temperature controller in execution. Activation of the 

circulating pumps is done in this system which in turn can make the process of industrial heating highly efficient [32]. In addition, 

this system draws water from the storage tanks in execution. High performance can be obtained by the industries by using this 

system as heat loss is relatively lower in this case. Passive method of air-water heating has been found as the other method which 

can be useful for industrial heating. A storage tank is to be installed in this case on rooftops. Usage of an insulated tank can be 

marked as one of the most vital parts of this system [7] [13]. 

 

 

 
Figure 4: Structure of closed loop solar heater[7] 

  

 

 

 

VI. THEORETICAL UNDERPINNING 

 

Theory of technological determinism 

The theory of technological determinism can be followed by the designers engaged in developing the air-water heaters operated 

by solar energy [16] [15]. This theory has taken into account the technological drivers for betterment of societies. Role of 

technology in social construction has been given a high priority by this theory. At the same time, the contingent social events are 

given a high level of importance by this theory [5]. 

 

The model of technology innovation 

Developing air-water heaters that operate on solar energy can be an extremely complex and demanding undertaking for designers 

who are committed to pushing the boundaries of technological innovation. However, by embracing this model, developers can 

unlock numerous advantages and propel the innovation process forward in a remarkably efficient manner [13] [19]. This approach 

offers a multitude of benefits, chief among them being the ability to expedite the experimentation phase and test novel concepts 

with an unparalleled level of precision and accuracy [29] [36]. Consequently, the model outlined here serves as a powerful tool 

for developers seeking to explore and validate ground- breaking ideas in the realm of air-water heating technology[6] [26]. 

 
 

VII. PROBLEM STATEMENT 

 

There is a lack of effective remedies available to overcome the issues due to fluid leakage that have been found to be a major 

problem in this particular case [48] [33]. Further, it was found that issues in the collector glass as well as the pipeline are equally 

important to increasing the efficiency of the air-water heaters due to their structural design [45] [34]. 

 

High-temperature heating is a common requirement in industrial operations, typically achieved using heating systems that rely on 

fossil fuels. These conventional systems contribute to environmental pollution, carbon emissions, and reliance on limited 

resources [50] [52]. The need for sustainable and energy-efficient alternatives that can fulfil the high-temperature heating 

demands of industrial processes is evident. 

 

The challenge lies in the development of a solar-powered heating system that can effectively capture solar energy and provide 

adequaThe te heat transfer for industrial applications [45] [40]. This system should have the capability to utilize solar radiation to 

heat both air and water, with a heat exchanger facilitating efficient heat transfer between the two circuits. The task at hand is to 

create a system that can achieve optimal thermal efficiency, maintain the required temperature for industrial processes, and ensure 

cost-effectiveness [25] [33] [32]. 
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To tackle this issue, an experimental investigation aims to evaluate the performance, efficiency, and feasibility of a solar air-water 

heater with a heat exchanger for industrial process heating [16] [45] [37]. By conducting experiments, measuring crucial 

parameters, and analysing the findings, the study seeks to determine the system's ability to meet the high-temperature heating 

demands of industrial processes while maximizing energy utilization and minimizing environmental impact [35] [40] [44]. 

 

The objective of this investigation is to address the challenge of attaining sustainable and efficient high-temperature heating in 

industrial processes, opening up opportunities for the development and adoption of solar-powered heating systems as a viable 

alternative to fossil fuel-based systems. [43] [41] [25]. 

 

VIII. RESULTS 

 

Based on the methodological choices, the researchers have analyzed the acquired data on thermal efficiency, heat transfer rates, 

and overall system performance of the solar water heaters. Based on these investigation results, the efficiency of heaters has been 

discussed for large-scale industry uses [17]. In the case of these three factors, three different theoretical equation models have 

been used. 

Heat transfer rates have been calculated through: ε = F2CPwt(T 8 − T7)/ F3Cpar(T 8 − T9) [55]  

Thermal efficiency rates have been calculated through: η = Qu /Qs,SG + Qs,DG + Qs,ar + Qax [29] 

  

The overall system performance has been calculated through: η0 = Qu/ Qs,SG + Qs,DG + Qs,ar + Qax + Qele [45] 

 

Heat Transfer 

The experimentation of heat transfer has been analysed through the reports of various studies focusing on this current situation 

[31]. The researchers found that the storage tank lost a heating coefficient of 3.21 W/m2K based on the experimentation data from 

mid-April to July [36]. Apart from that, the effectiveness of the heat exchange has also been seen as s 0.39 ± 0.16 [52]. 

 

 
 

Figure 5: Heat Transfer Diagram of the experimental and simulated Temperature Outlets[11] 

 

Based on the above figure, it can be said that the RMSE values of the experimental heater and simulator are found as 1.1, and 1.6 

◦C. This shows the heat transfer of the experimental heater was greater than the simulator [29]. Apart from that, the % MAE value 

was 0.62 for the simulator and 1.23 for the experimental [51]. The temperature differences found between these two T1_sim and 

T1_exp are −3.9 to 4.1 ◦C [55]. This concluded that the experimental thermal water air heater is efficient in heat transfer and 

storage in any simulated facility. 

 

Thermal Performance 

The thermal performance variations have shown the annual fluctuations of the annual data taken from both the simulated and 

experimental heaters [21]. 
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Figure 6: Thermal Performance diagram of the experimental and simulated Temperature Outlets[25] 

 

Based on the above image it can be seen that the thermal performances of the experimental heater were found as 75.18 MWh, 

whereas the simulator performed way below 31.60 MWh [38]. The efficiency coefficients are found as 0.40 for the experimental 

heater and 0.37 for the simulator [49]. However, the third graph showed the hybridization of the experimental as well as the 

simulator heaters. Based on the graph, it can be seen that the hybrid heater has increased the amount of useful energy by 58% 

[55]. Apart from that, the hybrid model has also been found with an increasing solar fraction (0.73) than the separate experiment 

model (0.45) [39]. 

 

Overall system performance 

The overall performance of the heaters has been done by a Pearson correlation coefficient matrix, which highlights the different 

relationships between the different variables, important for the optimum performance of the heater [32]. 
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Figure 7: Sensitive analysis diagram of the experimental and simulated Temperature Outlets[32] 

 

The sensitive analysis shows that the accumulation of useful energy for the heater is positively correlated with the ambient 

temperature and solar radiation [55]. It is also found that energy efficiency, as well as overall performance efficiency, are also 

highly correlated with the solar fraction, ambient temperature and solar radiation [27]. 

 

IX. DISCUSSION 
 

The concerned discussion is focused on the different results collected through previous research articles, focused on the 

experimental performance analysis of the Solar Air-Water Heater with Heat Exchanger [29]. The data collected from the articles 

are identified from the experimental research, where prototyped models, as well as simulated models, were used to identify 

different variables related to the performance of the heater. It has been found that factors such as solar radiation, ambient 

temperature and solar fraction [14]. In addition, it has been found that the prototype experimental model of the heater has superior 

quality as well as performance than the simulator model. However, the hybrid model has been found as the most effective in 

terms of overall heater performance. 

 

X. CONCLUSION 

 

To sum up, based on the discussions and findings presented in this study, it is clear that the effectiveness of the piping system 

plays a crucial role in the heat transfer process of air-water heaters utilized for industrial heating. Inadequate piping systems can 

hinder the overall performance and efficiency of the heating system, resulting in suboptimal outcomes. 

 

The planning and arrangement of the piping system should be carefully evaluated to minimize heat losses, pressure reductions, 

and flow limitations. Adequate insulation of the pipes can diminish heat losses and guarantee that the transferred heat is 

efficiently utilized for industrial processes. Furthermore, selecting suitable pipe materials with high thermal conductivity and 

minimal friction losses can enhance the overall system efficiency. 

  

Moreover, the efficiency of the pumps utilized in the air-water heater system is another vital factor that impacts its performance. 

Pumps are responsible for circulating the air and water within the system, facilitating heat transfer. Inefficient pumps can lead to 

insufficient flow rates, reduced heat transfer rates, and decreased overall system efficiency. To optimize the efficiency of air-

water heaters used in industrial heating, it is crucial to choose pumps with suitable specifications, such as adequate flow capacity 

and energy-efficient operation. Regular maintenance and monitoring of pump performance are also essential to ensure optimal 

functionality and prevent any decline in efficiency over time. 

 

In conclusion, the efficiency of the piping system and pumps significantly determine the effectiveness and efficiency of air-water 

heaters used in industrial heating. By optimizing these components and considering factors like proper insulation, appropriate 

pipe materials, and efficient pump selection, the overall system efficiency can be substantially enhanced. 
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