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Abstract: Solar energy is the most available, environmental friendly energy source and also renewable to sustain the growing 

energy demand. There are particular challenges in the effective collection and storage of solar energy though it is free for 

capturing. Solar energy is captured by solar collectors and an evacuated solar collector is the most efficient and convenient 

collector among various kinds of solar collectors. In the present study, the heat transfer characteristics of MWCNT – 

Demineralized water nanofluid as Heat transfer Fluid (HTF) is used in concentric type heat exchanger tank are presented. The 

heat exchanger is fabricated from copper concentric inner tank with a length of 1100 mm and Dia of 230 mm and with outer SS 

tank of length 1150 mm and dia 252 mm. The weight fraction of nanoparticles was 0.1% with the nanoparticles dimension 

ranging 20nm- 40 nm. Sodium Dodecyl Sulphate (SDS) as surfactant and Chitosan as dispersant was used in this experimental 

study. The performance of the concentric heat exchanger tank with Evacuated tube solar collector (ETSC) using MWCNT 

nanofluid as heat transfer fluid was compared with conventional solar water heater tank. The present study revealed that the 

maximum efficiency was found to be in between the range of 10% - 20% more than the conventional water heater in a day. The 

results of this study have technological importance for the efficient design of concentric heat exchanger tank to enhance heating 

performance of water even at low incident radiations. The collector efficiency shows greater enhancement with the use of 

MWCNT nanoparticles at a 0.1% weight fraction. In conclusions, results suggest that MWCNT Nanofluid can be used as the 

working fluid in an ETSC to absorb heat from solar radiation and to convert solar energy into thermal energy efficiently. 
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I. INTRODUCTION 

 
 Solar energy is one of the cleanest, environmental 

friendly form of renewable energy which is inexhaustible and 

inexpensive [1], [2]. Solar energy is the most dependable form 

of renewable energy that can sustain the growing day to day 

energy demand. To collect/absorb the maximum heat 

radiations from the sun, solar collectors are the existing and 

the fast developing technologies which are used in many 

energy requirements such as air conditioning, water heating 

etc. are reported by R.Tang et.al., [3] which show that 

technologies have an experimental growth towards utilizing 

the solar energy to meet the demand. As it is known, water is a 

good conductor of heat and electricity, it can be used for 

receiving/collecting and storage of solar energy. Kumar et.al, 

[4] have reported that solar water heaters are one of the best 

applications that can collect and store the incident radiations 

through water and utilize the same for domestic purpose. 

Hence, SWH is one of the fastest growing application of direct 

solar energy conversions in the world toady [5]. Flat plate 

solar collectors (FPSC) are simple in construction that can 

collect the incident radiations as well as diffuse them. These 

FPC are generally popular and are ease of use for low 

temperature applications. As reported by C.Xiao et.al, [6], 

FPC’S have comparatively low efficiencies and outlet 

temperatures. As an upgradation in technology Evacuated 

Tube Solar collectors (ETSC) are emerging as outstanding 

solar collectors in thermal performance due to their lower heat 

losses, ease of transportation and their suitability for 

unfavorable climates [7]. ETSC work on a principle of heat 

absorption in a black body. A black body is one which absorbs 

all the incident radiations with a negligible heat loss. The 

ETSC’S used in solar water heaters use vacuum tubes made 

up of borosilicate glass with special coating to absorb solar 

energy. These vacuum tubes are an assembly of two 

concentric borosilicate tubes to absorb solar energy. This 

vacuum reduces the conduction and convection losses like as 

in FPC and thus, allow the collector to operate at high 

temperatures. Hence, ETSC’S as reported by [8], [9] prove to 

be more efficient over FPC from the literature [10] it can be 

observed that conventional fluids such as water which are used 

as the heat transfer medium in the collectors, suffer from poor 

thermal and heat absorptive behaviors and also these fluids 
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have a limited capacity to carry the heat there by limiting the 

collector performance. 

From previous investigations [11], [12] Nano particle 

suspensions in these fluids have shown significant 

enhancement in their thermo-physical properties such as 

thermal conductivity, thermal diffusivity, viscosity and 

convective heat transfer coefficients compared to those of only 

the conventional fluids. Nanofluids are dilute liquid 

suspensions of nanoparticles with dimensions ranging from 40 

to 100nm. Several researchers have already used different 

types of nanofluids investigate the performance of ESTC. 

Mahindran et.al, [13] conducted an experiment to determine 

the efficiency of ESTC using TiO2/water nanofluid of 4wt% 

with average particle size ranging from 30-50nm. The 

temperature enhancement during this test was about 19% 

higher than that of water. The maximum efficiency of the 

system using TiO2/water was 0.73 as compared to 

conventional system which was 0.53. Tiwari et.al. [14] 

Investigated the effect of Al2O3/water nanofluid as heat 

transfer fluid in the collector and also studied the effect of 

mass flow rate and particle volume fraction on the efficiency 

of the collector. Their results showed that 1.5wt% of Al2O3 

nanofluid increased the solar collector efficiency by 31.64% 

than the conventional system. Yousefi et.al, [15] studied the 

effect of Al2O3 and MWCNT/ water nanofluid on the 

efficiency of FPSC experimentally. The results conclude that 

using Al2O3 and MWCNT/ water nanofluids increased the 

efficiency up to 28.3% and 35% respectively. From these 

literatures, carbon Nanotubes based nanofluids are expected to 

exhibit superior heat transfer properties than the other 

nanofluids. Hence MWCNT’S have been a topic of 

tremendous scientific interest in recent years. Depending on 

the properties of the base liquid, CNT geometry and 

volumetric concentration, a wide range of enhancement can be 

noticed. 

Since, ETSC’S are the energy technology that are proving 

capable to work in high temperature ranges, any attempt for 

improving the rate of energy harvest can be very effective. 

Considering the previous studies, use of concentric type heat 

exchanger tank with nanofluid as HFT in ETSC is a new effort 

put in to study its behavior under various experimental 

conditions. 

The concentration in this present work is mainly focused on 

the performance of concentric type heat exchanger tank using 

MWCNT/distilled water based nanofluid under varying 

experimental conditions like, temperature, incident radiation 

etc. in comparison to the conventional solar water heater. 

 

 

 

II. EXPERIMENTAL PROCEDURE 

 

2.1 Nanofluid preparation 
Preparation of nanofluids plays an important role in any 

experimental analysis. There are several methods followed to 

prepare nanofluids out of which the widely accepted and 

followed methods are single step and two step methods as 

observed by Adityakumar et.al, [17]. 

In this experiment, two step method was selected to prepare the 

nanofluids which involves dispersing the readily available 

Nanopowder as shown in Fig.1 into the base fluid in a magnetic 

stirrer. This solution is stirred in it for about 2 hours. The 

solution (stirred) is then put for sonication to prepare the 

nanofluid. Magnetic stirrer and Sonicator are shown in Fig. 2&3 

respectively. Dispersants and surfactants are also added as 

additives in to the base fluid which enhance the suspension 

stability. 

  
Fig.1: MWCNT Nanopowder 

 
Fig.2: Magnetic stirrer 

 
Fig.3: Ultra Sonicator bath 
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As a part of this procedure, an MWCNT nanoparticle of 

properties as shown in Table.1 was selected. Distilled water 

was taken as base fluid followed by Sodium Dodecyl Sulphate 

(SDS) and Chitosan as surfactant and dispersant respectively 

to prevent the quick settlement and agglomeration of 

nanoparticles. The additives in addition to these also have an 

advantage of enhancing the fluid stability.  The MWCNT 

nanoparticles were tested for different Thermo-physical 

properties such as Heat absorption rate (Q), thermal 

conductivity for different weight concentrations. The obtained 

results depicted in Fig4, 5have shown that the performance of 

these particles increase with increased weight concentration 

and then decrease after 0.1 wt%. Hence 0.1 wt% of MWCNT 

nanoparticles was chosen for the study. 

 
Fig 4: Heat absorption rate v/s weight fraction 

 
Fig 5: Thermal conductivity v/s weight fraction 

The measured percentage weight concentration of 0.1% of 

MWCNT was suspended in distilled water along with 1:1 wt 

% of the additives i.e. SDS and chitosan. This suspension was 

stirred in a magnetic stirrer for about 2hours as a pre 

homogenization process and then sonicated in an ultra 

Sonicator (capacity -150 Hz, 260W) for 4hrs to obtain a 

homogenized nanoparticle suspended fluid solution. The so 

obtained solution was kept stationary under observation to 

check for the stability and then was visually analyzed in a 

XRD as shown in Fig.6.This shows that sonication time had a 

positive influence on de-agglomeration of MWCNT particles 

which influenced for a stable solution and a better zeta 

potential. 

 

 
Table.1: MWCNT nanoparticles of properties 

 
 

Table 2: Properties of nanofluid of 0.1% weight fraction 

 

 
Table 2 shows the analyzed values of the prepared Nanofluid 

from which it can be concluded that the properties are nearer 

to that of normal water and hence do not affect the 

experimental setup chemically but increase the heat absorption 

capability when used as Heat Transfer Fluid (HTF). 

2.2 Experimental setup 

A concentric type heat exchanger SWH tank was designed, 

modeled and fabricated as shown in Fig.7-9. The inner tank 

was made out of copper due to its high thermal conductivity 
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and also other thermo-physical properties. The outer tank was 

made out of stainless steel of 304 grade. The fabrication 

dimensions are according to the desired specifications as 

shown in Table.2.  

The gap between the 2 tanks was maintained constant to 

20mm. the filling capacity of the copper tank was 50litres and 

that of the SS tank was 25litre. The nanofluid 

(MWCNT/water) was made to flow in the SS tank and the 

normal water in the copper tank as a result of which the 

absorbed heat from the nanofluid with less volume was 

transferred to the normal water in the copper tank with a larger 

volume. The SS tank is connected to the ETSC through which 

a continuous circulation of nanofluid takes place. The 

specifications of the ETSC used for this experiment are 

tabulated in the Table 3. The fluid through this ETSC flows to 

the tank due to thermo siphon effect 

 

Table 3: The specifications of the ETSC 

 
 

 
 

Fig 7: Design of the solar water heater tank 

 

 
Fig.8: Setup of concentric type heat exchanger ETSC 

 

 
Fig.9: Cross sectional view of ETSC 

 

Thermocouples were placed inlet, outlet and also at different 

positions of both the tanks. The continuous variations in the 

temperature were recorded using a data logger (make-ENVADA) 

The experiment was conducted by continuously circulating the 

nanofluid and replacing the copper tank with fresh water every 

day. The variations in the temperature for varying radiations in a 

time interval of 30min were recorded to study the rate of heat 

transferred during the day. The radiations were recorded 

continuously using a pyranometer. The performance of the 

experimental setup was evaluated by recording the values for 5 

days and the average values of the readings were used for 

calculations. 

 

The efficiency of ETSC can be calculated by eq.1 
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𝜼 =
𝒎𝑪𝒑𝒏𝒇

(𝑻𝒐 − 𝑻𝒊)

𝑨𝒄𝑮
                            𝒆𝒒. 𝟏 

 

The specific heat of the MWCNT can be estimated by eq.2 

𝑪𝒑𝒏𝒇
=

 𝟏 − ∅  𝝆𝑪𝒑 𝒃𝒇
+ ∅(𝝆𝑪𝒑)𝒏𝒑

(𝟏 − ∅)𝝆𝒃𝒇 + ∅𝝆𝒏

       𝒆𝒒. 𝟐      

The weight of the nanoparticle to be added to the solution for 

0.1 wt% concentration of the nanofluid was calculated based on 

the eq.3 and corresponding weight of the surfactant was added 

in the ratio 1:1 into the solution. Table.4 shows properties of 

0.1 wt% nanofluid.  

𝝋 =

𝒘𝒏𝒑

𝝆𝒏𝒑

𝒘𝒏𝒑

𝝆𝒏𝒑
+

𝒘𝒘

𝝆𝒘

× 𝟏𝟎𝟎                                    𝒆𝒒. 𝟑       

 

III.RESULTS AND DISCUSSION 
 

 
Fig 10: Variation of radiation and temperature with time 

Fig 10 shows the hourly average variation of radiation and 

temperature of conventional ETSC and ETSC with concentric 

type heat exchanger tank on 5 days of observation. It is seen 

from the fig that the water temperatures in both the storage 

tanks increase gradually with the time. Radiation gradually 

increases from morning and reaches the peak value around 1pm 

due to high solar radiation and angle of incidence. The outlet 

temperature of ETSC with Concentric type tank and that of the 

conventional ETSC tank are compared which show that the 

temperature in all the tanks increases gradually. The 

temperature attained in concentric type ETSC tank was 8-10°C 

more when compared to that in the conventional type even at 

the end of the day. 

 
Fig 11: Graph of Heat Gain v/s Time 

 

Fig .11 shows that the heat input in the storage tank increased 

gradually with respect to time. The heat gain rates of ETSC 

with concentric type tank and conventional ETSC are compared 

which shows there is a 70-80 Watt difference between the 

tanks. Thus, there is a better heat absorption capacity in the 

ETSC with concentric type tank and so is the efficiency 

difference of 12% as shown in Fig.12. 

 

 
Fig 12: Graph of Efficiency v/s Time 
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Thus this performance analysis can be concluded that the 

nanofluid has the ability to absorb more radiations and has a 

higher heat transfer capability than the water alone.  

 

IV. CONCLUSIONS 
 

In this research Copper is used as inner tank material for the 

concentric type tank because it has very less fouling factor and 

higher thermal conductivity. Thus effective heat transfer takes 

place from nanofluid to normal water inside the copper tank. 

MWCNT nanofluid used as the Heat transfer fluid in Stainless 

steel tank which showed effective performance through better 

absorption and transferability characteristics which added up for 

the higher efficiency than the conventional tank.The 

performance of the ETSC with concentric type heat exchanger 

tank with heat absorption rate (239.44W to 489.69W) and the 

efficiency (45%) was better than compared to the conventional 

ETSC (242.06W to 403.6W) and 33%. Hence the performance 

of the concentric heat exchanger type solar water heater with 

Evacuated Tube Solar Collector is efficient than the 

conventional type. Thus in conclusion, ETSC’S are the energy 

technology that are proving capable to work in high temperature 

range along with nanoparticle working with high heat transfer 

rate. Any attempt for improving the rate of energy harvest can 

be very effective.  

 

REFERENCES 

 

[1] M.A. Sabiha, R.Saidur, SaadMekhilef; “Renewable and 

sustainable energy reviews”, 51(2015), 1038-1054. 

[2] M.A. Sabiha, R.Saidur, SaadMekhilef; “International 

conference on Advances in Science, Technology and Natural 

Resources [ICASENTNR-15],Aug-27-28, 2015 Kota 

kinabalu(Malaysia). 

[3] R.Tang, Z.Li, H.Zhong, Q.Lan; “Assesmentofuncertainity 

in mean heat loss coefficient of all mean heat loss coefficient of 

all glass evacuated solar collector tube testing”, energy 

converse manage, 47(2006) 60-7. 

[4] Kumar.R and Rosen, “Integrated collector- storage solar 

water heater with extended solar unit”, Applied Thermal 

Engineering, 31, 348-354, 2011. 

[5] Wongsuwan and Kumar, “Forced Circulation solar water 

heater performance prediction by TRNSYS and ANN” 

International  journal of sustainable energy, 24(2), 69-86, 2005 

[6] C.Xiao, H.Luo, R.Tang, H.Zhong. “ solar thermal 

utilization in china”, Renewable energy, 29(2004) 1549-56. 

[7] G.Morrison, N.Tran,D.Mckenzie, I.oneley, 

G,Harding,Rcollins, “Long term performance of ETSWH in 

Sydney, Australia”, solar energy,32(1984) 785-91 

[8] X zhang, s.you,H-Ge,y.Gao,W.xu,M.warget,al,”Thermal 

performance of direct flow co-axial evacuated tube solar 

collectors with and without heat shield”, Energy converse 

manage,84(2014) 80-7 

 [9] L.Ayompe,A.Duffy,” Thermal performance      analysis of a 

solar water heater system using with heat pipe ETC using data 

from a field trial, solar energy, 90(2013). 17-28 

[10] F.Javadi, R,saidur,M.Kamalisarvestani,”Investing 

performance improvement of solar collector by using 

nanofluids”, Renewable sustainable energy, Rev,28(2013),17-

28 

[11] S,uschoi,”nanofluid from vision to reality through 

research’, Journal heat transfer ,Vol,131, page 1-9,2009 

[12]W.yu, D.mFranse,J.L.Routbort and s,U,schoi “Review and 

comparision of nano fluid thermal conductivity and heat 

transfer enhancement”, Heat transfer engineering ,vol-

29,no205,page 432-460,2008 

[13] M.Mahendran, T,z.s Ali,A.Shahrani,R.Bakar,”The 

efficiency enhancement on direct floe ETSC using water 

based titanium oxide nanofluid “,Appl,EMECH 

MATTER;,Irans,techPubl,(2014)308-315. 

[14] Tiwari, A,k ,Pradyumna Gosh, P.Sarkar, J,”Solar water 

heating using nanofluid-A comprensive  overview and 

environmental impact “, Intl, Journal of emerging technology 

and advance engineering, 3(special issue), 221-224,2013. 

[15] Yousefi, T,veysy,f,shojaeizadeh, E.Zindaini,” An 

experimental investigation on the effect on al2o3-H2O, 

nanofluid on the efficiency of flat plate collector,Renewable 

energy,39,293-298,2012a. 

[16] ]Yousefi, T,veysy,f,shojaeizadeh, E.Zindaini,” An 

experimental investigation on the effect on MWCNT-H2O, 

nanofluid,experimental Thermal fluid science,39,207-

212,2012b. 

[17]Adityakumar,Deepakkurana,Rajeshchoudri, 

Sudhakarsubudhi, “Preparation of stability analysis of water 

based allumminium oxide nanofulid”,ICESD 2015-001,Feb 

2015. 

 


