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Abstract— Solar Water Heating is an effective method of 

utilizing solar heat to perform many useful tasks. The 

energy from the sun can provide hot water for many 

applications, displacing the ssneed to burn fossil fuels. A 

solar collector is the main component for absorbing heat 

from solar beam and utilizing it for heating purposes. One 

way to absorb more heat from the solar beam is to modify 

heat characteristics of the working fluid. With the 

development of nanotechnology, an innovative heat transfer 

fluid arises. Nanofluids, a relatively new class of fluids 

which consist of a base fluid with nano-sized particles (1-

100 nm) suspended within them. These particles are 

generally metals or metal oxides. Nanofluids have been 

considered as a new-type heat transfer fluid because of their 

substantial increase in liquid thermal conductivity, liquid 

viscosity, and heat transfer coefficient. Solar water heating 

is an effective method for heat demands in domestic 

applications. Solar collector is a main component of any 

solar water heating system. In this proposed work, the effect 

of BN–water nanofluid, as the working fluid (absorbing 

medium), on the performance and the efficiency of a flat-

plate solar collector is to be investigated experimentally. 
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I. INTRODUCTION 

The many ways of increasing heat transfer through heat 

exchangers can be divided into two categories: Passive and 

active methods. Contrasts to active techniques, passive 

methods do not need an external force. Using nanofluids as 

heat transfer medium is a passive method for increasing heat 

transfer. In spite of many scientific works studying the 

effect of nanofluids application on thermal efficiency of heat 

exchangers, there exists very limited information about the 

study of nanofluids effect on flat-plate solar collectors. 

Das, Choi, Yu, and Pradeep expressed that the 

nanofluids could be utilized to enhance heat transfer from 

solar collectors to storage tanks and to increase the energy 

density. Natarajan and Sathish also believed the novel 

approach of increasing the efficiency of solar water heater 

through the introduction of nanofluids instead of 

conventional heat transfer fluids 

The aim of the current experimental work is to 

investigate the effect of using particular nanofluid, BN–

H2O, as an absorbing medium (the working fluid) on the 

efficiency of a flat-plate solar collector. A review of the 

literature shows that there is no work on the flat-plate solar 

collector performance using BN/water as the working fluid. 

II. LITERATURE SURVEY  

Nanofluids are suspensions of metallic or nonmetallic 

nanoparticles in a base fluid; this term was introduced by 

Choi [1]. A substantial increase in liquid thermal 

conductivity, liquid viscosity, and heat transfer coefficient 

are the unique characteristics of nanofluids. It is well known 

that metals in solid phase have higher thermal conductivities 

than those of fluids [2]. For example, the thermal 

conductivity of copper at room temperature is about 700 

times greater than that of water and about 3000 times greater 

than that of engine oil. The thermal conductivity of metallic 

liquids is much greater than that of nonmetallic liquids. 

Thus, fluids containing suspended metal particles are 

expected apparent enhanced thermal conductivities rather 

than pure fluids [3]. Masuda et al. [4] dispersed oxide 

nanoparticles (Al2O3 and TiO2 with 4.3 wt%) in liquid and 

showed that the thermal conductivity is increased by 32% 

and 11%, respectively. Grimm [5] dispersed aluminum 

particles (1–80 nm) in a fluid and claimed a 100% increase 

in the thermal conductivity of fluid for 0.5–10 wt%. Using 

the nanofluids in solar collectors has been subjected to a few 

recent studies.  

Yosefi et al. [6] investigated the effect of MWCNT 

as an absorbing medium on the efficiency of a flat-plate 

solar collector experimentally and reported 35% 

enhancement in the collector efficiency for 0.4 wt%. Also 

the same researchers [7] repeated the experiments with 

Al2O3–Water nanofluid and reported 28.3% enhancement 

in the collector efficiency for 0.2 wt%. Chaji et al. [8] used 

TiO2–Water nanofluid as a working fluid at a small flat 

plate solar collector and observed 15.7% enhancement in the 

collector efficiency (compared with pure water). Polvongsri 

and Kiatsiriroat [9] investigated the thermal enhancement of 

a flat plate solar collector with silver nanofluid. They 

concluded that using this nanofluid can improve thermal 

performance of flat plate collector compared with water 

especially at high inlet temperature. He et al. [10] 

investigated the light-heat conversion characteristics of two 

nanofluids, water–TiO2 and water–carbon nanotube (CNT), 

in a vacuum tube solar collector under sunny and cloudy 

weather conditions.  

The experimental results show very good light heat 

conversion characteristics of the CNT–H2O nanofluid with 

the weight concentration of 0.5%. Because of the better 

light-heat conversion characteristics of the CNT–H2O 

nanofluid compared to the TiO2–H2O nanofluid, the 

temperature of the CNT–H2O nanofluid is higher than that 

of the TiO2–H2O one. Lue et al. [11] examined thermal 

performance of an open thermo-siphon which uses Cuo–

Water nanofluid for high-temperature evacuated tubular 

solar collectors. They showed that with optimal filling ratio 

60% and optimal mass concentration 1.2%, evaporating heat 

transfer coefficients may increase by about 30% compared 

with those of pure water.  

Keshavarz and Razvarz [12] experimentally studied 

the effect of Al2O3/Water nanofluid on the efficiency 

enhancement of a heat pipe at different operating conditions. 

They concluded that the thermal efficiency of a heat pipe 

charged with nanofluids is higher than that of pure water as 

working fluid. Saidur et al. [13] also theoretically 

investigated the effect of using Al2O3/Water nanofluid on 
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the performance of direct solar collector. They showed that 

using nanofluids within 1.0% volume fraction gave a 

promising improvement on the direct solar collector 

performance. Sani et al. [14] introduced a new nanofluid, 

made from dispersing carbon nanohorn in ethylene glycol, 

for solar energy applications. Their results show that this 

nanofluid is useful for increasing the efficiency of solar 

thermal devices and costs reduction (in comparison with 

carbon-black nanofluid). Natarjan [15] investigated the 

thermal conductivity enhancement of a base fluid using 

carbon nanotube (CNT). According to their results, if these 

fluids are used as heat transport media, the efficiency of the 

conventional solar water heater will be increased.  

Tyagi et al. [16] studied the capability of using a 

non-concentrating direct absorption solar collector (DAC) 

theoretically and compared its performance with a 

conventional flat-plate collector. In their research, a 

nanofluid composed of water and aluminum nanoparticles, 

was used as the absorbing medium. According to their 

results, the efficiency of a DAC with nanofluid is up to 10% 

higher than that of a flat-plate collector. Otanicar [17] 

studied environmental and economical effects of using 

nanofluids to enhance the solar collector efficiency 

compared with conventional solar collectors.    

III. DESIGN AND DEVELOPMENT OF EXPERIMENTAL SETUP  

A schematic diagram of the experimental setup is as shown 

in Fig. 1. The solar collector performance is experimentally 

investigated in Pune. The working fluid is circulated through 

the collector by using an electrical pump. The solar system 

tank serves as a heat exchanger for absorbing the heat 

loaded from the collector and then delivering it to the 

cooling water. A heat exchanger is placed inside the tank to 

transfer heat load from the solar collector to the cooling 

water. A flow meter is installed on the pipe after the electric 

pump. A simple valve was also installed after the electric 

pump to control the working fluid mass flow rate. Two 

temperature sensors are used to measure the fluid 

temperature at the inlet and outlet of the solar collector. The 

ambient temperature is measured by a thermometer. The 

total radiations are measured with the help of radiation 

Pyranometer. 

 
Fig. 1: Schematic diagram of the experimental setup 

1. Collector, 2.Pump, 3.Heat exchanger, 4.Tank, 

5.Thermometer, 6.Solar meter/ (Pyranometer) 

7.Control valve, 8.Automate valve, 9.Rotameter  

IV. RESULTS AND DISCUSSION  

Experiments were carried out by using two working fluids 

for heat pipes such as: pure water, BN/water + Surfactant 

nanofluid. The results are depicted in Figs. 4.3 - 4.6. The 

variation of various parameters , namely, the rate of solar 

energy input, ambient air temperature, inlet water 

temperature and outlet water temperature for two different 

wickless heat pipe flat plate solar collectors is shown in 

Figs. 4.3 - 4.6.  

Fig 4.1 and Fig4.2 shows the variations in solar 

intensity. From fig 4.1 and Fig 4.2 it can be say that 

variations in solar intensity is very less for all days of 

testing. 

 
Fig. 4.1: Hourly variation of solar intensity 

 
Fig. 4.2: Hourly variation of Efficiency for Water 

 
Fig. 4.3: Hourly variation of Efficiency for 50 LPH 
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Fig. 4.4: Hourly variation of Efficiency for 100 LPH 

 
Fig. 4.5: Hourly variation of Efficiency for 150 LPH 

 
Fig. 4.6: Hourly variation of Efficiency for 200 LPH 

From Fig 4.2 to Fig 4.6 it is conclude that because 

of using nanofluid, efficiency of solar collector is improved. 

Fig 4.7 and Fig 4.10 shows the variations in output 

temperature. From Fig 4.2 to Fig 4.6 it is conclude that 

because of using nanofluid, output temperature of water is 

improved. 

 
Fig. 4.7: Hourly variation of O/P Temp. For 50 LPH 

 
Fig. 4.8: Hourly variation of O/P Temp. For 100 LPH 

 
Fig. 4.9: Hourly variation of O/P Temp. For 150 LPH 

 
Fig. 4.9: Hourly variation of O/P Temp. For 200 LPH 

Mass flow rates (Lit/Hour) Efficiency 

50 35.42 

100 38.31 

150 44.44 

200 48.14 

Table 1: Efficiency parameter of the Flat-plate solar 

collector for water at various flow rates 

% of Concentration Efficiency 

Water 48.14 

1% 58.33 

2% 70.74 

35 72.92s 

Table 2: Efficiency parameter of the solar collector for 

BN/Water Nanofluid at various Concentrations for 50LPH 
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Mass flow rates (Lit/Hour) Efficiency 

50 62.30 

100 53.20 

150 50.40 

200 47.90 

Table 3: Outlet temperature parameter of the Flat-plate solar 

collector for 3% of Nanofluid at various flow rates 

% of Concentration Efficiency 

Water 54.10 

1% 58.00 

2% 58.20 

3% 62.30 

Table 4: Outlet Temperature parameter of the Solar collector 

for BN/Water Nanofluid at various Concentration for 

50LPH 

V. CONCLUSION 

An experimental study has been carried out to investigate 

the thermal performance of solar collector water heater by 

using different working fluids such as: pure water, BN/water 

nanofluid. Following conclusions are made from the 

experimental study and is detailed below: 

 The efficiency thermal performance of solar 

collector is higher by using 3% nanofluid followed 

by pure water.  

 The outlet temperature is found to increase low 

mass flow rate for both fluid as pure water and 

nanofluid. 

 For same working fluid efficiency slightly 

increases as mass flow rate increases. 

REFERENCES 

[1] S. Choi, D.A. Siginer, H.P. Wang, Enhancing 

Thermal Conductivity of Fluids with Nanoparticles in 

Development and Applications of Non-Newtonian 

Flows, ASME, New York, 1995, pp. 99–105. 

[2] A. Bejan, A.D. Karaus, Heat Transfer Handbook, J. 

Wiely, Sons Inc, Hoboken, NJ, 2003. 

[3] S.U.S. Choi, Nanofluid technology: current status and 

future research, U.S. Technical Conference on 

Strategic Technologies, Vienna, VA, US: Korea, 

1998. 

[4] H. Masuda, A. Ebata, K. Teramae, N. Hishinuma, 

Alteration of thermal conductivity and viscosity of 

liquid by dispersing ultra-fine particles, NetsuBussei 

(Japan) 7 (1993) 227–233. 

[5] A. Grimm, Powdered aluminum-containing heat 

transfer fluids, German Patent DE 4131516A1, 1993. 

[6] T. Yousefi, F. Veisy, E. Shojaeizadeh, S. Zinadini, 

An experimental investigation on the effect of 

MWCNT-H2O nanofluid on the efficiency of flat-

plate solar collectors, Exp. Therm. Fluid Sci. 39 

(2012) 207–212. 

[7] T. Yousefi, F. Veisy, E. Shojaeizadeh, S. Zinadini, 

An experimental investigation on the effect of 

Al2O3–H2O nanofluid on the efficiency of flat-plate 

solar collectors, Renew. Energ. 39 (2012) 293–298. 

[8] H. Chaji, Y. Ajabshirchi, E. Esmaielzadeh, S. Zeinali-

Haris, M. Hedayatizadeh, M. Kahani, Experimental 

study on thermal efficiency of flat plate solar 

collector using TiO2–Water nanofluid, Mod. Appl. 

Sci. 7 (2013). 

[9] S. Polvongsri, T. Kiatsiriroat, Enhancement of flat 

plat solar collector thermal performance with silver 

nanofluid, The Second TSME Int. Conf. Mech. Eng. 

19– 21 October, 2011, Krabi. 

[10] Y. He, S. Wang, J. Ma, F. Tian, Y. Ren, Experimental 

study on the light-heat conversion characteristics of 

nanofluids, Nanosci. Nanotechnol. Lett. 3 (2011) 

494–496. 

[11] L. Lue, Z. Liu, H. Xiao, Thermal performance of an 

open termosyphon using nanofluids for high-

temperature evacuated tubular solar collectors, J. Sol. 

Energy 85 (2001) 379–387. 

[12] M. Keshavarz, S. Razvarz, Experimental 

investigation of aluminum oxide nanofluid on heat 

pipe thermal performance, Int. Commun. Heat Mass. 

39 (2012) 1444–1448. 

[13] R. Saidur, T. Meng, Z. Said, M. Hasanuzzaman, A. 

Kamyar, Evaluation on the effect of nanofluid-based 

absorbers on direct solar collector, Int. J. Heat Mass 

Trans. 55 (2012) 5899–5907. 

[14] E. Sani, L. Mercatelli, S. Barison, C. Pagura, F. 

Agresti, L. Colla, P. Sansoni, Potential of carbon 

nanohorn based suspensions for solar thermal 

collectors, Sol. Energ. Mat. Sol. C 95 (2011) 2994–

3000. 

[15] E. Natarjan, R. Sthish, Role of nanofluids in solar 

water heater, Int. J. Adv. Manuf. Technol. (2009), 

http://dx.doi.org/10.1007/s00170-008-1876-8. 

[16] H. Tyagi, P. Phelan, R. Prasher, Predicted efficiency 

of a low-temperature nanofluid based direct 

absorption solar collectors, J. Sol. Energy Eng. 131 

(2009) 0410041–04100417. 

[17] T. Otnicar, J. Golden, Comprative environmental and 

economic analysis of convectional and nanofluid 

solar hot water technologies, Environ. Sci. Technol. 

43 (2009) 6082–6087.  


