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Abstract: This study has been undertaken for the characterization and to study the effect of composite-based nanofluids on thermos-
thermal conversion in solar evacuated tube water heating systems. Enhancement in solar radiation absorption leading in the direction of
the optimum heat transfer rate. Ultimately which is resulted in effective and efficient heat transfer. This paper is an exploration of
harvesting solar energy through the usage of nanofluid-based evacuated tube solar collector. The synthesis of TiO,:CuO:Cr,03 based
nanofluid made of equal proportions of nanoparticles, prepared by the ultrasonic probe method. The most affecting parameter stability of
nanofluid has been checked for different time intervals. Various important properties of nanofluid have been studied and observed
shown remarkable improvement in thermal properties. The derived results can lead towards the development of highly efficient domestic
solar water heating systems in replacement of water.

Index Terms — Composite nanofluid, photo-thermal, evacuated tube.

l. INTRODUCTION

The dispersion of nanoparticles in the basic fluid have revealed the relevance of applications requires effective and quick heat transfer
[1,2]. In conventional heat transfer fluids like molten salts, water and ethylene glycol (EG), nanofluids are not transparent to the solar
energy, hence they scatter significantly and absorb the solar radiation passing through them [3,4]. In connection to that, recently
researchers propose non-concentrating solar collector with the use of nanofluids as the working fluid [5]. Similar attempts have been made
to discover the viability of nanofluids in the case of high flux (heat) collectors [5,6]. A substantial rise of thermal conductivity, heat
transfer coefficient and liquid viscosity, are the inevitable characteristics of nanofluids. It is observed that almost all the metals have
higher thermal conductivity in solid phase than base fluids [7]. The thermal conductivity of metallic liquids is very much greater than that
of non-metallic liquids. The liquids with suspended metal particles are subjected to thermal conductivity enhancement rather than pure
liquids [8].

30% heat transfer enhancement is possible with Al,O3 nanofluid as compared to the base fluid especially water. The thermal conductivity
of MWCNT (Multi-Wall Carbon Nano Tubes) nanofluid can be enhanced up to 150% [9]. For 2% volume concentration of Cupric-Water
nanofluid, pumping power and overall heat transfer coefficients are more than base fluid [10]. Thermal conductivity, density and viscosity
of the nanofluid increase with the increment of volume concentrations. The rise in the temperature, thermal conductivity & specific heat
were observed to be intensified, and while the viscosity and density have been decreased.

Il. PREPARATION OF NANOFLUID

The nanoparticles in powder form dispersed in the base fluid is called nanofluid. The enhancement of thermal conductivity of the nanofluid

greatly depends on the preparation of nanofluid using nanoparticles. There are mainly two methods of synthesizing nanofluids.
1. One-step method
2. Two-step method
From the literature, it is noted that nanofluids with oxide nanoparticles as well as carbon nanotubes can be produced well by a two-step
method. Above methods are executed by chemical and physical routs to ensure that the liquid-solid mixture is quite stable to avoid
clogging, agglomeration, probable erosion, poor thermal conductivity, additional flow resistance and poor heat transfer.
(a) One-step technique
The nanoparticles are simultaneously prepared and dispersed directly into the base fluid in one step technique. There are total fourteen
various methods to produce nanoparticles [11]. This method is highly advisable to produce nanofluids of better thermal conductivity metals
to avoid oxidation of particles and erosion. Agglomeration minimization is the biggest advantage of this method. This tendency increases
equal dispersion in the hot liquids and the stability of the suspensions. The quantity limit of the production due to the gradual production
process, low nanoparticles concentration & the high synthesis cost are the main disadvantages of one-step technique. Various methods are
used evaporation, physical or chemical one-step methods have been used to reduce the cost & time.

(b) Two-step technique

In a two-step method of nanofluid synthesizing, firstly the nanoparticles are produced separately and then these nanoparticles are dispersed
in a base fluid for exactly measured quantity.

The advantage of two-step method is that nanofluid can be produced easily and economically. On the other hand, due to van der Waals
effect force of cohesion between nanoparticles the fast agglomeration of individual particles before an achievement of complete dispersion
takes place. This agglomeration is the biggest obstruction in achieving high heat transfer performance because the quick settling of
nanoparticles out of the base fluids and becomes worse as the concentration volume increases [11]. Agglomeration is a critical issue in all
kinds of nanopowders technology, especially during nanoparticles transportation, drying and storage.

Several methods are used to eliminate agglomeration in a two-step process exploration towards commercialization by facilitating
nanofluids mass production. In Two-step methods like ultrasonic disrupter, stirrer, high-pressure homogenizer and ultrasonic bath are
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well-known methods of two-step technique. The TiO,~Water nanofluid was prepared with ultrasonic equipment and introduced by S.
Choi etal. [12].

11l. NANOPARTICLES SELECTION

Production point of view TiO, nanoparticles can easily be obtained as they are readily produced on industrial scales. With respect to their
physic-chemical profile, they have better stability when dispersed in a base fluid even without the addition of stabilizer [13]. The
enhancement of thermal conductivity reported of TiO, nanofluids as compared to water-based nanofluids, when Ethylene Glycol (EG),
Propylene Glycol (PG) or paraffin oil used as base fluids. Investigation shows that for CuO nanofluid preparation the sonication time
greatly affects the heat transfer performance & influenced by the nanoparticles concentration [14]. The thermal conductivity enhancement
depends on the particle volume concentration and temperature of nanofluid. For the 1.2% volume concentration of CuO nanofluids, 10.8%
to 43.2% enhancement of nanofluid thermal conductivity of nanofluids is observed. Above mentioned characteristic is very much helpful
in photo-thermal conversion kind of application for solar water heaters.

IV. NANOPARTICLES SIZE

The size of particles plays a decisive part in thermal conductivity as well as heat transfer enhancement of base fluids. Several suspension
sizes of milli and micrometre particles in host liquid are used to enhance the thermal conductivity, at the same moment the particles
agglomeration is quick and settled down in the liquid. The sedimentation time decreases to reach in few cases for more than a few days or
weeks. Due to increase in surface area, the thermal conductivity increases for the nanoparticles size in the range of 1-100 nm. Larger the
relative surface area of nanoparticles, significant improvement in thermal conductivity capabilities and also rises in the stableness of the
intermissions. In addition to that the size of nanoparticles is being reduced, the Brownian motion will be generated [15]. The nanoparticles
size in the base liquid is quite important in the research field of the present era.

In this experimental work of nanofluid preparation the, TiO, nanoparticles of size 25 + 5 nm, CuO nanoparticles size up to 17 nm and
nanoparticles of Cr,0O5 are of size 35 nm as provided by Nano wings Pvt. Ltd has been used.

V. NANOFLUID PREPARATION
In this experiment of nanofluid preparation, TiO2 nanoparticles of an average size of 25 nm with the purity of 99.9%, were used as
purchased from the Nano wings Pvt. Ltd Company, Khamam, India. The size of the nanoparticles supplied from the appropriate supplier
and used in this experiment is 20 — 30 nm. The base fluid is distilled water because boiling characteristics of the base fluids (water) are well
known. The TiO, nanoparticles are commercially available. No surfactant or buffer was added in the nanofluids during the dispersion. The
mixture of nanoparticles and the base fluid was sonicated with an ultrasonic probe for an hour to obtain nanofluid.
Cupric Acetate Monohydrate (CH;COO),Cu.H,O powder in equal proportion is added in double distilled water for 0.6 molarities. For
complete dispersion, the correct proportion of water and Cupric Acetate is a pre-requisite condition. Again stirring for 35 minutes and
heating at 150°C for the complete dispersion of powder.
C14H23Cr3056 (Chromium Acetate) powder for 0.4 molarities added in distilled water. Acetic acid (CH;COOH) in the same quantity has
been mixed up for nanofluid preparation. Complete mixture is stirred for complete dispersion of nanoparticles. Stirring with heating takes
place at 170°C for 45 minutes. At the end of this task, complete dispersion of powder takes place and nanofluid is prepared.
All above individual nanofluids are mixed up with each other in 1:1:1 proportion to prepare a new one. Nanofluid prepared in this way for
these processes remains stable for about a week and without any agglomeration. The base fluid (distilled water) is taken for the dispersion
of nanoparticles.

CuO Nanofluid TiO; Nanofuid Cr,0; Nanofluid

T10,:Cu0:Cr,0; Nanofluid
Fig. 1: Preparation of nanofluid in ultrasonication.
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VI. RESULTS AND DISCUSSION
Tables 1 & 2 give all the required properties of the TiO,, CuO, Cr,O3 nanoparticles and double distilled water as the base fluid.

Nanoparticles Density g/cm® Specific Surface Area | Thermal Specific

(Powder phase) m”g Conductivity Heat
W/mK KJ/KgK

TiO2 (Anatase) 0.2-0.4 60 6 0.69

CuO (Monoclinic) 6.315 140 18 0.540

Cr Powder 0.13 80 42 0.46

Table 1 Major Properties of TiO,, CuO, Cr,03 nanoparticles

. Thermal - . .
Density . Specific Heat Viscosity
Powder phase Kyl Eonductlwty W/m KJ/Kg K csT
Pure Water 1 0.669 4.19 1.79

Table 2 Major Properties of Double Distilled Water as a base fluid

It has been from the above-given results that in all methods the stability period increases with lesser % proportion of nanoparticles.
Moreover, as the % proportion of the nanoparticles increase separation of nanoparticles from base fluid occurs rapidly.
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Fig.3 Effects of Mechanical stirring time on stability of nanoparticles

It has been from the above-given results that in all methods the stability period increases with lesser % proportion of nanoparticles.
Moreover, as the % proportion of the nanoparticles increase separation of nanoparticles from base fluid occurs rapidly.

VIl. CONCLUSION
This research paper revealed some excellent parametric changes in new nanofluid to be used in the solar evacuated tube for as a working
fluid. It has drawn attention towards the parameters like, the positive changes regarding stability; specific heat, thermal conductivity;
viscosity and density of nanofluid prepared and compared with the base fluid.
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