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Abstract. This paper aimed to evaluate the state of three different flow parameters of nanofluids
and hybrid nanofluids flowing through inside header and riser tube of flat plate solar collector.
This research work studied with Computational fluid dynamics (CFD) modelling method using
nanofluids (ALLO3, TiO,, ZnO) and hybrid nanofluids (Al,O3+TiO,, TiO2+Zn0O, ZnO + Al,O3).
The modelling was three dimensional under k-epsilon turbulence model, which was set with
Standard and Standard Wall Functions. Besides, Absolute reference frame and calculative
intensity percentage was fixed. The base fluid was water as well as volume fraction of nanofluids
and hybrid nanofluids was 0.1%. Single-phase viscous model with energy equation used. Three
types of design models (Model A, B and C) used with fixed inlet and outlet diameter. The number
of header tubes fixed with two, but the number of riser tube varied such as two, seven and twelve.
Maximum dynamic pressure increased in model B for both nanofluid and hybrid nanofluid of
about 48% and 16% respectively. Velocity magnitude enhanced in maximal for both nanofluid
and hybrid nanofluid in model B. Besides, highest turbulence kinetic energy achieved in model
A (5.5%) for nanofluids and in model B (18%) for hybrid nanofluids. Model B perform better
comparing with model A and model C.

1. Introduction

Depletion of fossil fuel and its negative impact on to the environment is the burning issue of today’s
earth. As consequences renewable energies are now taking the place of fossil energies. Among all
renewable energies solar energy is the most promising due to its availability [1]. The Green technology
made a revolution to overcome these severe problems. Academic and industrial personnel are working
hard to establish the basement of renewable energies all around. As a result computational numerical
simulation revealed as an important tool for the improvement of industrial production chain and
production process optimization [2, 3]. In case of solar energy various computational simulations done
for the replacement of fossil energy strongly [4-6]. In solar energy system, solar collector devices absorb
the solar flux which incident on the surface and transfer the energy as heat into the working fluid flowing
through them [7]. Flat plate solar collector is relatively simple and widest in application to heat the water
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[8]. Generally flat plate solar collector made of glass, absorber, riser and header pipes, insulator, back
sheet, aluminium rails. Ultrasonically welded absorber with riser pipes used to transfer the heat to the
working fluid. The riser pipe and the header pipe are fixed together with to form a harp-shaped heat
exchanger inside which the working fluid can flow [9, 10]. Applying nano sized particles in working
fluids along with others can improve the performance of flat plate solar collector [11, 12].

Nanometer sized materials dispersed in base fluid such as water and oil produced nanofluids [13,
14]. Moreover, hybrid nanofluid is the new extended field of nanoscience. Basically this new composite
is prepared with two or more substances having different physical and chemical properties mixed in a
homogenous phase [15, 16]. Nanofluids dramatically change the heat transfer rate and thermal
conductivity properties of any substance. These characteristics mostly depend on size, shape, density,
surface energy, and thermophysical properties of nano particles. In addition, nanofluids exhibit good
stability, improved surface volume and less sedimentation of particles. As well as increased volume
concentration of nanoparticles and temperature can increase the thermal conductivity. Besides different
nanoparticles show individual performance of thermal conductivity such as metallic nanoparticles
perform higher thermal conductivity than non-metallic nano particles. Recently some literatures
revealed hybrid nanofluids remarkably can change the thermal conductivity and which is superior to
single phase nanofluids [17, 18]. In addition, before going to practical operations; computer-based
numerical simulation can be done repeatedly by creating virtual design model to reduce the cost of any
project. Numerical simulation can be done by Computational Fluid Dynamics (CFD) systems of
different objects such as fluid flow, heat transfer and chemical reactions as well [19, 20]. Similarly, a
considerable number of literatures published on flat plate solar collectors from computational simulation
standpoint [21, 22].

In this research study, dynamic pressure, velocity magnitude and turbulence kinetic energy of
nanofluids (Al>O;, TiO,, and ZnO) and hybrid nanofluids (Al,O3 + TiO2, TiO>+Zn0O and ZnO + Al,Os)
flowing through the pipes with constant temperature boundary condition investigated. Recently some
researchers used nanofluids as working fluid in replace of water. So, there is a possibility to use hybrid
nanofluids as working fluid also. Prior to practical application, computational simulation is beneficial
to observe the fluid properties of hybrid nanofluids along with nanofluids and it will also reduce the cost
to do the repeated practical implementation. Moreover, various designs (header and riser tube) are
available in literature; to obtain optimum design for nanofluids and hybrid nanofluids numerical
simulation is very persuasive. For computer-based simulations three types of design models were
prepared using “SOLIDWORKS” software. The ANSYS R15.0 software used to perform numerical
simulations. The turbulence k-epsilon model was set, and the results reviewed in Post Processing step
of ANSYS Fluent.

2. Physical properties of nanofluids and hybrid nanofluids
According to mixing theory, density of nanofluids measured by [24],

p,=ep,+1-0)p, O

And density of hybrid nanofluids [25]
_ _ 2
phnf o ¢nf1 pn/'l + ¢n/'2 pn/'Z + (1 ¢)pbf ( )
Based on thermal equilibrium, specific heat of nanofluids [26] and hybrid nanofluids [27] as,
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Thermal conductivity of nanofluids [28] and hybrid nanofluids [25] can be calculated by the
following equations in successive,
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According to Einstein model, viscosity of suspension increases linearly with the augmentation of
nanoparticles in the suspension [29],

= (1+2.50)u,, ™

Theoretical values of density, specific heat, thermal conductivity and viscosity obtained using the above
equations from one to seven for water, nanofluids and hybrid nanofluids and illustrated in Table 1.

Table 1. Physical properties of water, nanofluids and hybrid nanofluids.

Properties Water AL O3 TiO: ZnO ALOs3 + TiO, + ZnO
TiO; ZnO ALOs+
Density (kg/m?®) 998.2 129438  1321.38  1458.38  1029.17 103737 1036.018

Specific heat (j/kg.k) 4182 3139.057 3064.781 2769.194 4044.685 4011.528 4017.409

Thermal conductivity 0.6 0.79 0.76 0.79 0.64 0.64 0.64
(W/m.k)
Viscosity (kg/m.s) 0.001003 0.001253 0.001253 0.001253 0.001315 0.001315 0.001315

3. CFD theory and equations

In this study the flow pattern with constant temperature through a combined structure of two circular
tubes simulated using FLUENT software ANSYS R15.0. Here only single-phase model used for
simulations. Simulations carried out in steady state conditions solving mass, momentum and energy
conservation equations as well as viscous model of transportation [30]:

Continuity Equation

P4y (pU)=0 ®

ot
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Momentum equation:

%(pU)+V-(pUU):—VP+Vr+pg ©)
Energy Equation:
%(ph)+V-(pUcpT)=V-(kVT) (10)
Viscous Model:

K-epsilon model is the most common for turbulent flows which is very easy to converge and implement
as well. Turbulence kinetic energy, k and turbulent dissipation rate, € are obtained from the following
transport equations,

o o o ok (D
a(pk)+8—)q(pklxll)=a—)g|:(ﬂ+g—; a—x/:|+})k +I)b—,06'—YM +Sk
0 0 ) yy o | & g’ (12)
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4. Modelling

4.1 Design Modeler

In design modeler, the geometries were imported rather than directly created here. The diameters of
header and riser tube of flat plate solar collector were fixed in this study. But the number of riser tube
was two, seven and twelve whereas the number of header tube fixed with two. The three-dimensional
geometry of header and riser tube is created by SOLIDWORKS software (version 2016) and Table 2
presents the parameters accordingly. Figure 1 shows the combined sketch of header and riser tube of
flat plate solar collector which is model A, model B and model C respectively.

Table 2. Parameters of header and riser tubes of flat plate solar collector.

Parameters Dimension

Header Tube Riser Tube
Diameter (mm) 22 10
Thickness (mm) 0.6 0.45
Length (mm) 900 1714
Number of tubes 2 2,7 and 12

4.2 Meshing

Meshing is the most critical and meshing elements and grid of cells are subjected to solve the fluid flow
equations [31]. Here Tetrahedrons meshing in header tube and CutCell meshing in riser is done
automatically in the three-dimensional computational domain. Figure 2 represents the meshed 3D model
of header and riser tube.
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Figure 1. Schematic 3-D view of consolidated header and riser tubes

Figure 2. 3D meshing model.

4.3 Solution Setup and Solution Calculation

In this present work, Pressure-based, Absolute-velocity and Steady solver used for solution calculation.
Setting of models is very important for computational simulations [32]. Here Energy Equation, Viscous-
Standard k-epsilon and Standard Wall Functions used. Before setting the models Reynolds number and
flow behaviour done theoretically by the following equation [33];

_ pDv (13)
U

Re

In Boundary Conditions, velocity-inlet and pressure-outlet was set. For all types of fluids, velocity fixed
with 0.25 m/s and hydraulic diameter was 0.022 m. Turbulent Intensity% calculated by (Eq(14)) [34].

1

Turbulent Intensity=0.16 x (Re)[_EJ x100% (14)
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Figure 3. Converge Solution.

Solution calculation was performed based on pressure-velocity coupling with Simple Scheme and
Spatial Discretization. Figure 3 illustrates the converged solution of the simulation.

5. Result and Discussion

In this study, the result of the simulation has been presented in both graphical views (contour plot) and
data interpretations. In CFD post processing blue colour define the lowest value and red is the highest
value [35]. Figure 4 shows the contours of the three geometries in pressure variable.
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Figure 4. Results of pressure (contours)

Three types of resulting data such as dynamic pressure, velocity magnitude and turbulence kinetic
energy were accumulated in maximum type by CFD reports with volume integrals in case of water,
nanofluids and hybrid nanofluids. The numerical values of these properties have been showed in Table
3 according to model A, model B and model C.
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Table 3. Computational values of different properties of model A, model B and model C.

Characteristics Dynamic Pressure Velocity Magnitude Turbulence Kinetic Energy
(Pascal (m/s) (m2/s2)
Model Model Model Model Model Model Model Model Model
A B C A B C A B C
Water 438.07 86.74 71.03 0.9368 0.4168 0.3772 0.0895 0.0122 0.0105
Nanofluids
ALO; 561.64 115.16 81.83 0.9315 0.4218 0.3555 0.0945 0.0123 0.0099
TiO, 59236 117.64 83.17 0.9468 0.4219 0.3548 0.0921 0.0125 0.0098
ZnO 636.99 129.09 94.47 0.9346 0.4207 0.3580 0.0940 0.0123 0.0100
Hybrid nanofluids

ALOs+TiO; 439.84 90.79 60.82 0.9245 0.4200 0.3438 0.0960 0.0144 0.0092
TiO>+ZnO 447.46 100.88 61.19 0.9288 0.4410 0.3434 0.0950 0.0126 0.0092

Zn0O + Al,O3 444.58 90.272 6133 0.9264 0.4174 0.3441 0.0941 0.0128 0.0093

Here volume fraction 0.1% of nanofluids and hybrid nanofluids was studied. Model k-epsilon
turbulence utilized for numerical analysis as this model can avoid the coarse data in a convenient way.
Although all the models have same inlet and outlet flow diameter (22mm), however the quantity of riser
tubes varied, and simulation was performed in fully developed condition. Flow parameters such as
dynamic pressure, velocity magnitude and turbulence kinetic energy studied.

Table 3 illustrates that model A, model B and model C shows maximum increment of dynamic
pressure for ZnO nanofluids of about 45%, 48% and 33% respectively. In case of hybrid nanofluids,
model A and model B performs the highest improvement of dynamic pressure with TiO,+ZnO around
2.1% and 16% accordingly. Whereas model C shows decrement of dynamic pressure of 14% in
maximum with Al,O3+TiO; hybrid nanofluid. Besides, velocity magnitude increases in maximal around
1.0% and 1.2% with TiO; nanofluid in model A and model B respectively. But it is decreased in model
C of about 5.9% with TiO; nanofluid. TiO,+ZnO hybrid nanofluid performs the best increment (5.8%)
of velocity magnitude in model B but declined in maximum (8.9%) in model C. Similarly, model A
shows velocity magnitude declination (1.3%) with Al;O3+TiO, hybrid nanofluid. And finally,
turbulence kinetic energy increased in model A and model B for both nanofluid and hybrid nanofluids.
Model A presents the raise of turbulence kinetic energy of about 5.5% and 7.2% with Al,O3 nanofluid
and Al,O3+TiO; hybrid nanofluid respectively, while model B exhibited 2.4% and 18% enhancement
with TiO; nanofluid and Al,O3+TiO- hybrid nanofluid. On the other hand, model C shows negative
performance for both nanofluids (TiO;) and hybrid nanofluids (All) of about 6.6% and 12% respectively
in highest condition.

In addition, Figure 5, Figure 6 and Figure 7 illustrate the contours of dynamic pressure, velocity
magnitude and turbulence kinetic energy for nanofluids and hybrid nanofluids in inlet and outlet of
Model A and these schematic views are more or less similar for all models.

According to Mazumder [36], colour of contours present the development of solution. Red colour
shows the fully developed solution whereas gradually blue colour represents the lowest value. Maiga,
Nguyen, Galanis and Roy [37] numerically investigated in turbulent flow regime; heat transfer enhanced
due to nanoparticles.
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Figure 5. Contours of Dynamic Pressure of Model A (a) inlet of nanofluid (b) outlet of nanofluid (¢)
inlet of hybrid nanofluid (d) outlet of hybrid nanofluid.

Figure 6. Contours of Velocity Magnitude of Model A (a) inlet of nanofluid (b) outlet of nanofluid (c)
inlet of hybrid nanofluid (d) outlet of hybrid nanofluid.

Figure 7. Contours of Turbulence Kinetic Energy of Model A (a) inlet of nanofluid (b) outlet of
nanofluid (c) inlet of hybrid nanofluid (d) outlet of hybrid nanofluid.

6. Conclusion

Three kinds of flow parameters of nanofluids and hybrid nanofluids flowing through inside of combined
pipes (header and riser) investigated numerically using ANSYS R15.0. The numerical research revealed
that dynamic pressure increased for nanofluids in all models but decreased in model C for hybrid
nanofluids. Maximum 48% dynamic pressure increased for nanofluids and 16% increased for hybrid
nanofluids in model B. Besides model B performs better in case of velocity magnitude for both nanofluid
and hybrid nanofluid around 1.2% and 5.8% increment respectively. And finally, the most significant
turbulence kinetic energy property shows good completion in model A and model B with both
nanofluids and hybrid nanofluids. However, model A shows much better performance in turbulence
kinetic energy enhancement around 5.5% for nanofluids and model B shows 18% improvement of it
with hybrid nanofluids. Whereas it is dissimilar in model C and presents negative results for both
nanofluid and hybrid nanofluids. From the above computational analysis of these three parameters of
fluid flow, model B performs better than the others two models.
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