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This work presents the experimental analysis of solar water heater using baffles and flat absorber. 
Experiments are conducted with different water flow rates of water inside the baffled basin with the flat 
absorber. A flow rate of water was increased by 2, 4, and 8 times that an initial mass flow rate of water. 
Experimental results show that the water temperature is higher in the case of a water heater with baffles as 
compared to flat plate absorber. The maximum water temperature with minimum and maximum flow rates 
were found to be 65 C and 53 C, respectively with baffles held as path deviator. Also, the exit temperature of 
water depends on the solar intensity, absorber temperature and ambient condition. 

1. Introduction

Due to rapid population growth and industrial developments, fossil fuels are depleting which results in the 
need, research and development of renewable energy sources. For industrial and domestic applications, the 
solar water heater has become one of heating application to harness solar energy as well as for increased 
comfort for humans. Several geometries are used in solar water heating which includes a spiral tube, helical 
tube and serpentine tubes. To increase the efficiency of solar water heating system several methods are 
employed which includes nanofluids, evacuated tubes, collectors connected in series and parallel. 
Concentrating collectors are expensive and only used for applications operating at a higher temperature. For 
moderate temperatures flat plate collectors connected in parallel and series (Devanarayanan et al., 2014; 
Hossain et al., 2011; Jaisankar et al., 2011; Jamar et al., 2016; Kee et al., 2017; Lin et al., 2015; 
Mostafaeipour et al., 2017; Shukla et al., 2009; Singh et al., 2016; Smyth et al., 2006; Deng et al., 2015) 
discovered the performance for the new Flat Plate Collector (FPC) with mica heat pipe absorber Solar Water 
Heater (SWH). The test outcomes demonstrated that the daily thermal energy gains on the three days in 
various seasons are 13.43 MJ/m2, 11.05 MJ/m2, and 7.42 MJ/m2 separately, compared to the sun-powered 
illumination of 18.9 MJ/m2, 17.2 MJ/m2, and 14.7 MJ/m2. Next, the daily average thermal efficiencies are 
71.05%, 64.25%, and 50.49%, individually. Xue (2016) designed an ETC with Phase Change Material (PCM) 
and it was reported that this novel system produced the maximum efficiency of 45%. (Hadjiat et al., 2018) 
integrating the Compound Parabolic Concentrator (CPC) with SWH. This set-up reached the maximum water 
temperature of 74° C. (Taheri et al., 2013) researched the compact solar water heater and it was submitted 
that this compact system reached the efficiency up to 70%. (Pandya et al., 2017) designed a new V-through 
SWH and they studied the effect of dust particles on collector surface and collector cover surface. It was 
reported that the optimum collector cover surface is 25°. Dust particles reduced the SWH performance by 
limiting the solar intensity input to the SWH. (Al-Kayiem et al., 2014) incorporated the PCM nanocomposite 
with the SWH. It was reported that SWH with and without PCM produced the maximum efficiency of 47.6 and 
51%, respectively. The PCM enhances the SWH efficiency up to 5 to 8.5% higher than the normal SWH. (Al-
Madani 2006) experimentally investigated the performance of the SWH and he reported that this SWH has the 
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maximum efficiency of 41.8% and maximum temperature of 66 ° C. (Badran et al., 2010) designed a novel 
portable SWH and solar cooker. They conducted experiments and submitted that this portable SWH reached 
the maximum efficiency of 77%. (Ziapour et al., 2016) researched the PVT type SWH and based on the 
experimental results, it was reported that PVT type SWH produced the maximum water temperature of 72 ° C 
with an efficiency of 70%. The concentrating collectors such as PDR and PTC are employed for higher 
temperature applications (Kalogirou 2004; Balaji et al., 2017) investigated a flat plate collector with heat 
transfer enhancer absorber tube. (Shojaeizadeh et al., 2016) investigated a flat plate collector with Al2O3 
nanofluid. (Verma et al., 2016; Verma et al., 2017) experimentally analyzed the use of different nanofluids in 
flat plate collector. (Noghrehabadi et al., 2016) used SiO2 nanofluid in a flat plate collector for enhancing the 
heat transfer. Using computational technique (Kajla et al., 2016) analyzed the effect of the concentration of 
CuO nanofluids on the performance of flat plate collector. (Maheshwaran et al., 2013) experimentally 
investigated a spiral tube solar water heater. Results concluded that the system efficiency is higher in the case 
of least water flow rate. (Sathyamurthy et al., 2015) experimentally investigated the effect of baffles in a 
semicircular trough solar water heater. Results showed that the effect of baffles in a semi-circular trough 
deviated the flow of water inside the absorber with absorbing the heat from the circumferential surface and 
increased the temperature of water which results in an increase in temperature of water. From the detailed 
literatures survey, it was found that very less experimental works has been reported on SWH with baffles. 
Hence in this experimental study, a solar water heater with a square cross-section with baffles is analyzed for 
its performance. Similarly, the temperature of water from flat plate absorber is compared for its performance. 
Experiments were carried out with different flow rates of water with baffles inside the collector and flat 
absorber. 

2. Experimental methodology

Figure 1: Schematic diagram and experimental photograph of inclined solar water heater 

Figure. 1 shows the schematic diagram and photograph of the experimental setup of flat plate solar collector 
with baffles. It consists of a square basin with an area of 0.42m2. At consecutive distance baffles plates are 
held in the flat absorber. The cavity is in the form of rectangular cross-section with a distance of 0.15 m 
between the water surface and glass surface. A total of four baffles with distance of 0.1 m are held in the flat 
absorber. For comparative analysis a similar solar water heating system is made for the same area with a flat 
absorber. Water is fed through the inlet by gravity fed method. At particular points PT100 RTD sensors are 
fixed to find the inlet water, exit water, glass and absorber temperature. A mass flow rate of water is measured 
through stopwatch collection method and the flow rate is controlled through a control valve fixed in between 
inlet and storage tank. In order to avoid heat loss to the surrounding the entire absorber and hose pipes are 
insulated. Experiments were carried out in the open terrace of Hindustan Institute of Technology and Science, 
Chennai. The average temperatures of glass and absorber plate are averaged by fixing five thermocouples 
each at a different position. The solar collector is fixed with an inclination of 13o North with the glass facing 
south. 

Table 1: Uncertainty, standard uncertainty, error and measuring range of instruments 

Instrument Accuracy Range Error (%)Observed error (%)Standard Uncertainty
Thermocouple ±1oC 0-100oC 0.25 1.2 ±0.57 oC 
Solar power meter±1W/m2 0-2500 W/m22.5 3.1 ±0.57 W/m2 
Anemometer ±0.1m/s 0-45 m/s 10 6.8 ±0.05 m/s 
Beaker ±10mL 0-1000mL 10 8.3 ±5.77 mL 
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3. Results and discussion

Figure. 2 shows the hourly variation of solar intensity and ambient temperature for different experimental days. 
And all experiments were carried out when there is clear sky condition. It is observed that the maximum 
average solar intensity measured during the month of February 2016 as 1012 W/m2 and maximum average 
ambient temperature as 34.2oC. The solar intensity and wind velocity are measured using TES 1333R solar 
power meter and AM4836 3 cup anemometer respectively. Similarly, the accuracy of the instruments used is 
given in Table. 1. Figure. 3 shows the hourly variation of wind velocity during the experiments. It is observed 
that there is an abnormal variation in wind velocity during different experimental conditions. 

Figure 2: Variation of solar intensity during the experimental days 

Figure 3: Hourly variation of wind velocity and ambient temperature during the experiment 

Figure. 4 (a-c) shows the hourly variation of the temperature of different elements of a solar water heater with 
baffles. It can be observed that the average water temperature inside the baffled absorber is higher with a 
decreased flow rate of water. The maximum temperature of the water with minimum and maximum water flow 
rate of water inside the baffled system is found to be 73 and 37.4oC respectively during the peak intensity. 
This is due to the maximum absorption of solar radiation by the flowing water and maximum utilization of heat 
by the flowing water inside the basin. Similarly, the maximum glass and absorber temperature of the water 
heater with baffles is found to be 70 and 75oC respectively at a lower flow rate. Due to the reduced flow rate 
absorber plate receives the maximum heat energy by the solar intensity and stored in the form of sensible 
heat energy. 
Figure 5 shows the hourly variation of percentage increase in water temperature as a function of inlet water 
temperature. It can be observed that the water temperature increases with decreasing the flow rate of water 
inside the absorber. The maximum increase in water temperature with respect to inlet water temperature is 
found as 71.3% during the maximum (peak) intensity. While increasing the flow rate to 0.166, 0.322 and 0.644 
kg/min the maximum increase is found as 48.2, 32.3 and 27.5%, respectively. The trend of increase in water 
temperature is more similar to the solar intensity curve, and this increase completely depends on the 
dependent parameter of solar intensity. 
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Figure 4: Hourly variation of (a) average water (b) glass and (c) absorber temperature 

Figure 5: Hourly variation of increase in water temperature from the inlet boundary condition 

Table 2 summarizes the different SWH system has been researched by different researchers. From the table, 
it is found that the maximum water temperature of 90 oC was obtained by compact SWH and minimum water 
temperature of 66 oC was obtained by conventional SWH. In this present study the maximum water 
temperature of 73 oC was obtained which is 7 oC higher than the Al-Madani work and 17 oC lower than the 
Taheri et al.work. 
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Table 2: Different types of SWH with their maximum water temperature and efficiency 

S.noAuthors Type of SWH Maximum water
temperature (oC) 

Efficiency 
(%) 

1 Deng et al., (2015) FPC with mica heat pipe absorber SWH. - 71.05 
2 Xue (2016) ETC with PCM 82 45 
3 Hadjiat et al., (2018) CPC with SWH 74 - 
4 Taheri et al., (2013) Compact SWH 90 70 
5 Pandya & Behura (2017) V-through SWH 69 - 
6 Al-Kayiem et al., (2014) PCM nanocomposite with the SWH 67 51 
7 Al-Madani (2006) SWH 66 41.8 
8 Badran et al., (2010) Novel portable SWH and solar cooker - 77 
9 Ziapour & Khalili (2016) PVT type SWH 72 70 
10 Present study Inclined SWH with baffles 73 - 

4. Conclusions

From the above experimental study, the following conclusions have arrived: - 
The residence time of flowing water inside the baffled system is reduced for increased water temperature 
inside the absorber. 
The temperature of the water is higher with a minimum water flow rate inside the absorber with baffles. 
The average water temperature is higher in the case of the absorber with baffles inside the system and found 
as 70oC. 
The increase in temperature of the water with baffles is found as 70 % as compared to a collector with a flat 
absorber. 

References 

Al-Kayiem H.H., Lin S.C., 2014, Performance evaluation of a solar water heater integrated with a PCM 
nanocomposite TES at various inclinations, Solar Energy, 109, 82-92. DOI: 10.1016/j.solener.2014.08.021 

Al-Madani H., 2006, The performance of a cylindrical solar water heater, Renewable Energy, 31, 11, 1751-
1763. DOI: 10.1016/j.renene.2005.09.010 

Badran A.A., Yousef I.A., Joudeh N.K., Al Hamad R., Halawa H., Hassouneh H.K., 2010, Portable solar 
cooker and water heater, Energy Conversion and Management, 51, 8, 1605-1609. 

Balaji K., Iniyan S., Muthusamyswami V., 2017, Experimental investigation on heat transfer and pumping 
power of forced circulation flat plate solar collector using heat transfer enhancer in absorber tube, Applied 
Thermal Engineering, 112, 237-247. DOI: 10.1016/j.applthermaleng.2016.09.074 

Deng Y., Zhao Y., Quan Z., Zhu T., 2015, Experimental study of the thermal performance for the novel flat 
plate solar water heater with micro heat pipe array absorber, Energy Procedia, 70, 41-48. DOI: 
10.1016/j.egypro.2015.02.095 

Devanarayanan K., Murugavel K.K., 2014, Integrated collector storage solar water heater with compound 
parabolic concentrator–development and progress, Renewable and Sustainable Energy Reviews, 39, 51-
64. DOI: 10.1016/j.rser.2014.07.076

Hadjiat M.M., Hazmoune M., Ouali S., Gama A., Yaiche M.R., 2018, Design and analysis of a novel ICS solar 
water heater with CPC reflectors, Journal of Energy Storage, 16, 203-210. 

Hossain M.S., Saidur R., Fayaz H., Rahim N.A., Islam M.R., Ahamed J.U., Rahman M.M., 2011, Review on 
solar water heater collector and thermal energy performance of circulating pipe, Renewable and 
Sustainable Energy Reviews, 15, 8, 3801-3812. DOI: 10.1016/j.rser.2011.06.008 

Jaisankar S., Ananth, J., Thulasi, S., Jayasuthakar, S.T., Sheeba, K.N., 2011, A comprehensive review on 
solar water heaters, Renewable and Sustainable Energy Reviews, 15, 6, 3045-3050. DOI: 
10.1016/j.rser.2011.03.009 

Jamar, A.M.Z.A.A., Majid, Z.A.A., Azmi, W.H., Norhafana, M., Razak, A.A., 2016, A review of water heating 
system for solar energy applications, International Communications in Heat and Mass Transfer, 76, 178-
187. DOI: 10.1016/j.icheatmasstransfer.2016.05.028 

Kajla S., Sehgal, S.S., 2016, Computational Analysis on the Effects of CuO-Water based Nanofluids on the 
Performance of Flat Plate Solar Collector, Indian Journal of Science and Technology, 9, 36. 

1343



Kalogirou S.A., 2004, Solar thermal collectors and applications, Progress in energy and combustion science, 
30, 3, 231-295. 

Kee S.Y., Munusamy Y., Ong K.S., 2017, Review of solar water heaters incorporating solid-liquid organic 
phase change materials as thermal storage, Applied Thermal Engineering. DOI: 
10.1016/j.applthermaleng.2017.12.032 

Lin W.M., Chang K.C., Chung K.M., 2015, Payback period for residential solar water heaters in Taiwan, 
Renewable and Sustainable Energy Reviews, 41, 901-906. DOI: 10.1016/j.rser.2014.09.005 

Maheshwaran S., Murugavel, K.K., 2013, Experimental study on spiral flow passive solar water heater, 
Applied Solar Energy, 49, 2, 89-92.  

Mostafaeipour A., Zarezade M., Goudarzi H., Rezaei-Shouroki M., Qolipour M., 2017, Investigating the factors 
on using the solar water heaters for dry arid regions: A case study, Renewable and Sustainable Energy 
Reviews, 78, 157-166. DOI: 10.1016/j.rser.2017.04.102 

Noghrehabadi A., Hajidavaloo E., Moravej M., 2016, Experimental investigation of efficiency of square flat-
plate solar collector using SiO2/water nanofluid, Case Studies in Thermal Engineering, 8, 378-386. DOI: 
10.1016/j.csite.2016.08.006 

Pandya H., Behura A.K., 2017, Experimental Study of V-Through Solar Water Heater for Tilt Angle and Glass 
Transmissivity, Energy Procedia, 109, 377-384. DOI: 10.1016/j.egypro.2017.03.034 

Sathyamurthy R., Samuel D.H., Nagarajan P.K., Jaiganesh V., 2015, Experimental investigation of a semi-
circular trough solar water heater, Applied Solar Energy, 51, 2, 94-98. DOI: 10.3103/S0003701X15020152 

Shojaeizadeh E., Veysi F., 2016, Development of a correlation for parameter controlling using exergy 
efficiency optimization of an Al2O3/water nanofluid based flat-plate solar collector, Applied Thermal 
Engineering, 98, 1116-1129. DOI: 10.1016/j.applthermaleng.2016.01.001 

Shukla A., Buddhi D., Sawhney R.L., 2009, Solar water heaters with phase change material thermal energy 
storage medium: A review, Renewable and Sustainable Energy Reviews, 13(8), 2119-2125. DOI: 
10.1016/j.rser.2009.01.024 

Singh R., Lazarus I.J., Souliotis, M., 2016, Recent developments in integrated collector storage (ICS) solar 
water heaters: A review, Renewable and Sustainable Energy Reviews, 54, 270-298. DOI: 
10.1016/j.rser.2015.10.006 

Smyth M., Eames P.C., Norton, B., 2006, Integrated collector storage solar water heaters, Renewable and 
Sustainable Energy Reviews, 10, 6, 503-538. 

Taheri Y., Ziapour, B.M., Alimardani, K., 2013, Study of an efficient compact solar water heater, Energy 
conversion and management, 70, 187-193. DOI: 10.1016/j.enconman.2013.02.014 

Verma S.K., Tiwari, A.K., Chauhan, D.S., 2016, Performance augmentation in flat plate solar collector using 
MgO/water nanofluid, Energy Conversion and Management, 124, 607-617. DOI: 
10.1016/j.enconman.2016.07.007 

Verma S.K., Tiwari, A.K., Chauhan, D.S., 2017, Experimental evaluation of flat plate solar collector using 
nanofluids, Energy Conversion and Management, 134, 103-115. DOI: 10.1016/j.enconman.2016.12.037 

Xue H.S., 2016, Experimental investigation of a domestic solar water heater with solar collector coupled 
phase-change energy storage, Renewable Energy, 86, 257-261. DOI: 10.1016/j.renene.2015.08.017 

Ziapour B.M., Khalili M.B., 2016, PVT type of the two-phase loop mini tube thermosyphon solar water heater, 
Energy Conversion and Management, 129, 54-61. 

1344




