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Abstract: The study compares the thermal performance of
solar thermal water heaters based on Flat Plate Collectors
(FPCs) using two different kinds of nanofluids: Ni-water
nanofluids and composite Al:0; & CuO-water
nanofluids. The Finite Volume Method (FVM) was used
in Ansys Fluent software to simulate the thermal
efficiency and heat transmission characteristics. The
study looks at how the kind, concentration, and operating
circumstances of the nanofluid affect the system’s overall
performance. Although there were noticeable variations
in performance depending on the fluid composition and
nanoparticle concentration, simulation findings showed
that both types of nanofluids significantly improved the
heat transfer coefficient and thermal efficiency.
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I. INTRODUCTION

Significant interest in solar thermal systems for water
heating applications has been sparked by the growing
need for sustainable energy sources. Because of its
ease of use and effectiveness, the Flat Plate Collector
(FPC) is frequently used. Optimizing its thermal
performance is still a major obstacle, though.
Nanofluids provide a possible option because of their
exceptional heat transfer capabilities.

In this work, composite Al,O; & CuO-water
nanofluids and Ni-water nanofluids are used to assess
the thermal performance of an FPC-based solar
thermal water heater.

A. Problem Statement

Although there is currently a lack of comparison
research between metal-based and composite metal

oxide-based nanofluids, nanofluids have
demonstrated a great promise for improving the
efficiency of solar collectors. By comparing the
thermal performance of various nanofluids under
comparable operating circumstances, our study seeks
to close the gap.

1. LITERATURE REVIEW
A. Nanofluids in Solar Thermal Water Heaters

Nanofluids have been shown in studies to improve
heat transfer properties in solar thermal water heaters
due to their increased thermal conductivity.
Composite nanofluids, including Al,O3 and CuO,
have better thermal performance than single-phase
fluids. Ni-water nanofluids are well known for their
heat transfer capabilities, especially in solar
applications. However, there is still a need to
compare these nanofluids in real-world solar thermal
systems.

Choi etal. [12], Masuda et al. [13], and Lee et al. [16]
have demonstrated that metals and non-metal’s solid
particles may be reduced to a size where they can
more successfully float in liquids. As a result, the
concept of nanoparticle suspension advanced. Nano
fluids are employed in a variety of applications
because of the nanoparticle dispersion in the base
fluid they contain. Nanoparticles made from a variety
of materials, including ceramics, metals (Al, Cu, Ti,
Si, Mg, etc.), metallic oxides (Al2Os, TiO,, and CuO),
have been used to create nanofluid.

Lee et al. [42] provided a technique to compute the
thermophysical characteristics of Al,Oz; and CuO

IJIRT 173280 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 2700



© February 2025 | IJIRT | Volume 11 Issue 9 | ISSN: 2349-6002

particles combined with ethylene glycol. The
conductivity of nanofluids was determined through
experimental study, and it was shown that they had
higher conductivities than base fluid, but their
specific heat capacity (Cy) is decreasing.

Choi and Eastman et al. [18] found that at volume
concentrations of 2.5% and particle sizes of 30 nm,
Al;O3 and CuO-based NFs boosted conductive heat
transfer by 22%.

Das and Vajjha et al. [36] reported finding thermal
conductivities of Al,O; and CuO-based materials.
The basic fluid in nano fluid is a mixture of ethylene
glycol and water. He employed nanofluids with a
volumetric concentration of 3 to 6 percent and a
temperature range of 300 K to 355 K, and he saw a
20 to 24% improvement in the conductivity of these
nanofluids.

Otanicar et al. [37] reported in his research on
utilizing nanofluids in direct absorption solar FPCs.
With a nanoparticle concentration of 0.5 to 2%, the
effective conductivity of the nanofluid increases by
20 to 25%. For the given solar radiation, flat plate
collector efficiency is increased by up to 10%.

Ghoneim et al. [55] stated that the efficiency of solar
flat plate collectors was observed to be impacted by
forced and natural convective modes of heat transfer
losses. Flat plate collector efficiency is decreased by
the resistance to heat transmission provided by the air
at the bottom and top of the collector. When the top
& bottom heat transfer loss coefficients were
calculated for natural & forced convection, it was
discovered that an air layer of the ideal thickness of 3
mm offered the least amount of resistance to the
passage of heat and that the loss coefficients were
optimized.

Devendra Singh et al. [61] stated the Experimental
performance of flat plate solar collector using Al;Os-
water nanofluid.

B. Simulation of Heat Transfer

Ansys Fluent is a popular tool for modelling the
thermal and fluid dynamic properties of nanofluids in
solar collectors. The Finite Volume Method (FVM)
is very effective for solving the governing equations
of heat transfer and fluid movement.

I11. METHODOLOGY

A. Model Setup in Ansys Fluent

The simulations were carried out in Ansys Fluent,
with a 3D model of an FPC-based solar thermal water
heater. The model contained a copper absorber plate,
a glass cover, insulation, and a working fluid that
flowed through tubes. Two types of nanofluids were
utilized:

1. Al,05 and CuO-water nanofluids with different
nanoparticle concentrations (0.1%, 0.2%, 0.5%,
1%, 1.25%, 1.5%, and 2%).

2. Ni-water nanofluids with similar concentration
ranges.

B. Governing Equations

The governing equations for fluid flow and heat
transfer were solved using the Finite Volume Method
(FVM). The main equations considered were:
Continuity Equation:

dp

P vopp=0
ot pv

For Steady Flow

% _ 0. Y.y =0 -

ol 0; Vepr=0;

ou ov ow

Ty te =0

Momentum Equation:

[p2la=yF
Ppd=2

X-momentum equation

ou Ju ou
(u —+tv—+w —) p

0x dy 0z
ap (azu 0%u Ozu)
+u

dx dx?  dy? 0z?
Energy Equation:
aT aT aT a’r | 9%T | a°’T
pey (g v+ ws) =25+ 5+ 52)
C. Boundary Conditions

Inlet temperature: 300 K

Outlet boundary: Pressure outlet

Solar radiation: 800 W/m?

No-slip condition at the walls

Insulated boundaries for the sides and back of the
collector.

arwbdeE

D. Material Properties of Nanofluids

The thermal conductivity and specific heat of the
nanofluids were obtained from literature and
calculated using the Maxwell-Garnett and Hamilton-
Crosser models for effective thermal conductivity.

The Maxwell et al. [1] Model stated that the
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conductivities of nanofluids were originally
calculated by. Although ignoring interactions
between nanoparticles, he took into account the
dispersion of tiny, spherical-shaped particles. The
effective conductivity of nanofluids, including
spherical particles with thermal conductivity Kyp
suspended in a base fluid with thermal conductivity
Kb at NPC of ¢ %, is determined using Maxwell's
equation as follows:

kot _ kp + 2k — 20 (ky — k)
ky  kp+ 2ky + 0 (ky — k)

Hamilton and Crosser et al. [5] gave a model to
compute the nanofluid’s thermal conductivity after
Maxwell and Bruggemen had provided one to
determine nanofluid’s effective thermal conductivity.
With the addition of the shape parameter, they
updated the Maxwell equation. Also, they altered the
model so that the effects of several characteristics,
such the form of nanoparticles and the combination
of discontinues and continuous phases, could be
included in the equation. The findings of studies with
low and highvolume concentrations of nanoparticles
in nanofluid were better supported by this model.

Using the following equation, the Crosser and
Hamilton model calculates effective conductivity-

knf _ kp+(m-Dkp—(n-1)8(kp—kp).

kp kp+(n—1Dkp+0(kp—kp)
3
Wan=E
In which,
N = Nanoparticle’s  shape  factor and
€ = sphericity (ratio of the sphere’s curved surface

area for equal volume of nanoparticle to the particle).
Sphericity for the cylindrical and spherical NPs is 0.5
and 1 respectively.

Yu and Choi et al. [26] determined the nanofluid's
thermal conductivity, by taking into consideration the
fact that base fluid molecules interacting with solid
nanoparticles have a layer-type structure. While
being relatively thin, this layer has an impact on heat
conductivity.

kpe _v[2A-y)+ (A +5)°A+2y)]

kp, -D+A+B)30+2y)

Where y = conductivity of layer

conductivity of Nano particle
ﬂ __ layer thickness

radius of particle

Nanofluid’s effective thermal conductivity is
calculated by-

Kat _ Kpe + Zkpr + 2(kpe — kur) (1 + 5)°0
Kp¢ kpe + 2kps — (kpe - kbf)(l + )30

Pak and Cho et al. [40] provided an equation to
determine the specific heat of nanofluid, which is
Cpnf = ocpnp + (1 - (p)cpbf

In addition to providing an equation to calculate the
heat capacity of a nanofluid, Xuan and Roetzl et al.
[41] took into account the thermal equilibrium
between two phases. So an equation to determine the
heat capacity of a nanofluid is —

(pcp)nf = (D(pcp)np + (1 - (p)(pcp)bf

IV. COMPARATIVE DISCUSSION AND
RESULTS

A. Raw Specifications of Solar Thermal Collector’s
Design Conditions

Table I: Raw Specifications of Solar Thermal
Collector’s Design Conditions for (Location:
Banswara, Rajasthan)

Solar thermal water | 60-70 Litres/day
heater capacity

Minimum  attaining | 60-80°C (expected)
temperature of heated
water

Collector’s 23°-27° (According to
Inclination based on | UNDP and MNRE date
location: Banswara, | handbook)

Rajasthan

Absorber plate

Absorber / Collector | 1 m? (Experimental), 2-4
area m? (Domestic)

Collector’s Shape 200cm X 50cm
(Rectangular)

Covering Low-iron tempered flat
glas, 4-6 mm thick

Thickness 0.2-0.5mm

Cover’s 90-95 %

Transmissivity

Absorptivity 91-96 %

Emissivity 0.06-0.15
(Etched copper)

Tubes

Number 6, (6-12 depending on the

collector size)

Outside Diameter 60-70 mm
Thickness 2-3 mm
Inside Diameter 45-54 mm
Tube Clearance 20 mm
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Tube and Side walls | 20 mm
Clearance

Insulation

Back Insulation | 20-30 mm
Thickness

Side Insulation | 15-20 mm
Thickness

Thermal conductivity | 0.04-0.06 W/m-K
(for glass-wool material)

Thermal conductivity | 385-400W/m-K
(Copper)

Depth of  whole | 100 mm
assembly (excluding insulation)

B. Materials Characteristics and Method of
Calculation

Table 1I: Thermo-physical Characteristics of
Nanoparticle (Nickel) and Base fluid (water)

Table Iv: Determined Thermo-physical
Characteristics of Nanofluid (Nickle - Water) for
varied volume fraction of NPs

NFs Thermal Density Specific
(NPC Conducti | (kg/m®) heat
volume vity (J/kg-K)
%) (W/m-K)
0.1 0.609 1005.11 4178.26
0.2 0.611 1013.02 4174.53
0.5 0.616 1036.75 4163.32
1.0 0.625 1076.30 4144.64
1.25 0.630 1096.07 4135.30
15 0.634 1115.85 4125.96
2.0 0.643 1155.40 4107.28
Table V: Determined Thermo-physical

Characteristics of composite Al,O3 & CuO-Water
Nanofluid for varied volume fraction of NPs

Phase | Therm | Density | Specific | Viscosi

INPs al (kg/m?) heat |ty
Condu (J/kg-K) | (Pa-
ctivity Sec.)
(W/m- at 25°C

K)
Water | 0.607 997.2 4182 0.0008
at 904
25°C
Nickel 90.7 8907 446 -
Table I1lI: Thermo-physical Characteristics of

Composite Al,O3 & CuO and Base fluid (water)

Phase | Thermal | Density | Specific | Viscos
INPs | Conduct | (kg/m®) heat ity
ivity (J/kg- (Pa-
(W/m-K) K) Sec.)
at
25°C
Water | 0.607 997.2 4182 | 0.0008
at 904
25°C
Al;03 35 3970 765 -
CuO 20 6310 540 -
Al;03 32 4446 720 -
(80%) | (Hybrid,
& Weighte
CuO | dAvg)
(20%)

NFs Thermal Density | Specific heat

(NPC | Conductivi | (kg/m®) (Ikg-K)
volume ty

%) (W/m-k)

0.1 0.609 1000.65 4178.54

0.2 0.610 1004.10 4175.08

0.5 0.616 1014.44 4164.69

1.0 0.624 1031.69 4147.38
1.25 0.629 1040.31 4138.73

15 0.633 1048.93 4130.07

2.0 0.642 1066.18 4112.76

Calculation Method

Assumptions:

1. Volume fraction of Al,O3 (¢ai203) = Orotal/2

2. Volume fraction of CuO (¢cuo) = Protal/2
Where, owa represents the total nanoparticle
concentration volume percentage.

Properties:

1. Water Density (pwater): 997.2 kg/m?

2. Al>,O3 Density (paios): 3970 kg/m?3

3. Density of CuO (pcuo): 6310 kg/m3

4. Specific heat capacity of water (Cp, water): 4182
J/kgK

5. Specific heat capacity of Al,Oz (Cp, arzos): 765
J/kgK

6. Specific heat capacity of CuO (cp, cuo): 540
J/kgK
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7. Thermal conductivity of water (Kwatr): 0.607
W/mK

8. Thermal conductivity of Al:Os; (Kaios): 35
WimK

9. Thermal conductivity of CuO (Kcuo): 20 W/mK

10. Viscosity of water (pwater): 8.9x107* Pa-s

For Al,O3 & CuO-Water Nanofluid
Density (pys):
Pnf = Pa1203 * Pa1zo3 t Pcuo * Pcuo T (1 — Progar)

* Pwater
Where @i = @aizos + Pcuo
Specific Heat (Cp,r)

c _ Pa1203 " Paizos Cpa1203 + Pcuo * Peuo * Cpcuo + (1 = Protal) * Puater * Cpwater
pnf —

Pnf

Thermal Conductivity (k,f): Using Maxwell model
for a two-component nanoparticle mixture:

kg

= Ky - (keﬁ“ + 2k yater — 2Protal (Kater — keff))

keff + kaater + Protal (kwater - keff)

k + k
Where keff= $A1203'KA1203T¥Cu00 KCuo
PA12031PCu
or

kg = (1 = Goora Voewater + Panos Kanos

+ dcuokecuo
Viscosity (unr): Using the Einstein model for

viscosity of nanofluids:

ﬂnf = HUwater (1 + 2-5¢total )
These calculations assume a simple mixture model

and linear approximations. More complex models
may be required for precise applications, particularly
at higher concentrations.

V. MESHING AND GEOMETRY

First, using Ansys tool and design modular geometry,
a 3-Dimensional model of a solar thermal flat plate
collector was created in Ansys Fluent Workbench
software (version 19.2).

Fig. . Geometry of FPC

A. Meshing

Using the Ansys Fluent Meshing tool, an
unstructured quadrilateral or triangle mesh is
handled. Discovering the flow behaviour of
nanoparticles close to the tube wall is one of the
simulation's primary goals.

0.100(m)

0.050

Fig. Il. Meshing’s Geometry

As a result, coarse meshing is done close to the center
line area, while fine meshing is done close to the wall.
However, it was kept in mind throughout the
calculation that it's not very fine meshing, so that the
least amount of computational work will be needed.

B. Comparison of Density with nanoparticle
concentration between composite Al,O; & CuO-
Water Nanofluid and Ni-Water Nanofluid

In the below Fig.lll the blue line with circles
represents the Density of Ni-water, which increases
as the nanoparticle concentration increases and the
red line with circles represents the Density of
composite Al,03; & CuO-Water Nanofluid.

Comparison of Density between composite Al,O,
& CuO-Water and Ni-Water Nanofluid

=t AI203 & Cu0-Water

01 02 05 1 125 15 2

Nanoparticle
concentration volume %o

Fig. Ill. Calculated Density variation between
composite Al,O; & CuO-Water Nanofluid and Ni-
Water nanofluid with NPC

The Density of composite Al,O; & CuO-Water
Nanofluid, which also increases as the nanoparticle
concentration increases. We can clearly see that
Density of Ni-water nanofluid is more than the
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Density of composite Al,03 & CuO-Water Nanofluid
for the same NPCs.

C. Comparison of Specific heat with nanoparticle
concentration between composite Al,O; & CuO-
Water Nanofluid and Ni-Water Nanofluid

In the below Fig.lV the blue line with circles
represents the Specific Heat of Ni-water and the red
line with circles represents the Specific Heat of
composite Al,O3; & CuO-Water Nanofluid.

Comparison of Specific heat between
composite Al,0; & CuO-Water and Ni-
4200 ‘Water Nanofluid

4180

4160

Fhe

Spgcifit I]gat

B
=
Q
(=]

—&— Ni-water
Al203 & CuO-Water

g

4060

0.1 02 0.5 1 125 15 2 )
Nanoparticle concentration volume %o

Fig. IV. Calculated Specific heat variation between
composite Al,03 & CuO-Water Nanofluid and Ni-
Water nanofluid with NPC

In above Fig.IV we can see that the Specific Heat in
both the cases of Ni-water nanofluid and composite
Al;O3 & CuO-Water Nanofluid, which decreases first
gradually and again decreases for some values and
again decreases as the nanoparticle concentration
increases. We can clearly see that variation of
Specific Heat between Ni-water nanofluid and
composite Al,O3 & CuO-Water Nanofluid for the
same NPCs.

D. Enhancement of Thermal Conductivity with
Nanoparticle Concentration

Thermal conductivity of a nanofluid is a crucial
factor that impacts the pace at which heat is
transferred from a nanofluid. Because NPs have a
high conductivity, their addition to a fluid causes the
effective conductivity of the nanofluid to increase.

Enhancement of Thermal Conductivity with
Nanoparticle Concentration

0.65

e
]
=

e Ni-wiater

8:643
0.64
= 6.63;
z P /
_g E 0.62 0.616/
= 2 0609(})\‘%111

o
[

AI203 & CuO-Water

0.59
01 02 05 1 125 15 2

Nanoparticle concentration
volume %o

Fig. V. Enhancement of Calculated Thermal
Conductivity with Nanoparticle Concentration

The above Fig. V. compares the enhancement of
calculated thermal conductivity between composite
AlbO; & CuO-Water Nanofluid and Ni-Water
nanofluid, where we can clearly see that at 0.1% and
0.5% (NPC) Thermal Conductivity of both composite
AlbO; & CuO-Water Nanofluid and Ni-Water
nanofluid is same, at 0.2%, 1%, 1.25%, 1.5% and
2.0% (NPC) Thermal Conductivity of composite
Al;,03 & CuO-Water Nanofluid will be more than the
Ni-Water nanofluid and at (NPC) Thermal
Conductivity of Ni-Water nanofluid will be
approximately similar to the composite Al,O3 &
CuO-Water Nanofluid.

Thermal Performance Comparison

Simulations were performed for both composite
Al,O; & CuO-water nanofluids and Ni-water
nanofluids at varying concentrations. The thermal
efficiency, heat transfer coefficient, and temperature
rise of the working fluid were evaluated.

E. Effect of Nanoparticle Concentration on Thermal
Efficiency

As nanoparticle concentration increased, the thermal
efficiency improved for both nanofluids, with the
composite nanofluid demonstrating a slightly higher
rate of improvement.

VI. CONCLUSION

This work compares the thermal performance of
FPC-based solar thermal water heaters employing
composite Al,03;, CuO-water nanofluids, and Ni-
water  nanofluids. At certain  nanoparticle
concentrations, the composite nanofluid seems to
operate nearly identically to the Ni-water nanofluid.
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Composite metal oxide-based nanofluids, like metal-
based nanofluids, have improved heat transfer
capabilities, making them a superior candidate for
boosting the efficiency of solar thermal water heaters.
According to the Ansys software FVM simulation
analysis, both forms of nanofluids increase in outlet
temperature as nanoparticle concentration (NPC)
increases. The composite (Al,O; & CuO)-water
nanofluid has a little higher outlet temperature 346.15
K (73° celsius) than the Ni-water nanofluid 343.15 K
(70° celsius) at the same 2% nanoparticle
concentrations (NPC). Using simply water without
NPs resulted in a temperature increase of 311.8 K
(38.65° Celsius). Further experimental validation is
recommended to corroborate the numerical findings.

APPENDIX

A.1  Sample Calculation for Thermophysical
Properties

For Ni-Water based Nanofluid

A.1.] By Hamilton and crosser Model Thermal
Conductivity of nanofluid is given by

knf _ kp+(n—1)kp—(n-1)0(kp—kp)
kp kp+(—1Dkp+0(kp—kp)

3
Where n = -

n = Nanoparticle’s shape factor for spherical particles
n=3 and

€ = sphericity for the sphere (€ =1)

Nanofluid (Nanoparticle concentration volume %)-
? =0.2% 0.002

kp= Thermal Conductivity of base fluid = 0.608
W/m-k

k= Thermal Conductivity of Ni-nanoparticle = 90.7
W/m-k

According to formula (1)

kypr=0.611 W/m-k

A.1.2 Pak and Cho gave equation to calculate specific
heat of nanofluid

Cont = @Cpnp + (1 — D) Cppe cereeen(2)

Conr = 0.002 X 446 + (1 — 0.002) X 4182

Cpnt = 4174.53 J/kg-K

A.1.3 Nanofluid density by mixture theory is given
by

Pnf = Q)pnp +A=Dppr 3)

Pns = 0.002 x 8907 + (1 — 0.002)997.2

P = 1013.02 Kg/m?

For Al,0O3; & CuO -Water based Nanofluid

A.1.4 By Hamilton and crosser Model Thermal
Conductivity of nanofluid is given by

kng _ kp+(n=Dkp—n-1)0(kp—kp)
kp kp+(n_1)kb+®(kb_kp)

3
Where n = -

n = Nanoparticle’s shape factor for spherical particles
n=3 and

€ = sphericity for the sphere (€ =1)

Nanofluid (Nanoparticle concentration volume %)-
@ =0.2%=0.002

kp= Thermal Conductivity of base fluid = 0.608
W/m-k

ky,= Thermal Conductivity of Ni-nanoparticle = 32
W/m-k

According to formula (1)

kyr=0.610 W/m-k

A.1.5 Pak and Cho gave equation to calculate specific
heat of

Cont = BCpnp + (L = D)Cpps +vvvevvvnnnnn (5)

Cpnf = 0.002 X 446 + (1 — 0.002) X 4182

Conr = 4175.08 J/kg-K

A.1.6 Nanofluid density by mixture theory is given
by

Pnf = ijnp + (1 = D)pws
Pnf = 0.2 X 4446 4+ (1 — 0.2)997.2
Pnr = 1004.10 Kg/m?3

A.2 Thermal conductivities for the individual
nanoparticles and their mixture:

A.2.1 Thermal Conductivity of Mixture

[A1;03 (80%) & CuO (20%)]:

Thermal Conductivity of Mixture (Al,O3 & CuO):
Applying the effective medium theory (EMT) or the
Maxwell-Garnett model.

The thermal conductivity of mixture Kpixture Will be-

kmixture = Pal,0, * ka0, T Pcuo - kcuo

Where, ¢ a10,= 80% = 0.80, dpcy0=20% = 0.20,

kmixture = Pal,0, * ka0, T Pcuo - kcuo
kA]203: 35 W/m-K, kCuO: 20 W/m-K

Kmixture = 0.80 X 35 4+ 0.20 x 20

kmixture = 32 W/m.K

A.2.2 Density of Mixture

[Al,O3 (80%) & CuO (20%)]:

Pmixture = Pal,0, * PAL0; T Pcuo * Pcuo

Prmixture = 0.80 X 3970 + 0.20 X 6310

Pmixture = 4446 Kg/m3

A.2.3 Specific Heat of Mixture

[ Al,03 (80%) & CuO (20%)]:

Cmixture = Pal,0, * €aL0; T Pcuo * Ccuo

Cmixture = 0.80 X 765 + 0.20 X 540

Cmixture — 720 ]/KgK

A.3 Ansys Sofiware based Thermal Analysis
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ANSYS

R19.2

Academic

0.075

0125 0375

Fig. VI. Temperature contour of Absorber plate of Fig. VIII. Temperature contour of inside wall of Tubes

FPC along the flow inside FPC

ANSYS AN§]Y9§
R19.2 _Ri2
Academic cademic

0 0250 0500 (m) 'l.., X 0 0150 0300 (m) X
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Fig. VII. Temperature contour of inside wall of
bottom insulation of FPC ANSYS

R19.2
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0 0150 0300 (m) -~
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0075 0225

Fig. IX. Temperature contour at outlet of collector
tubes
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