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ABSTRACT
In the present work, experimental and numerical investigations have been done in
the plate heat exchanger using hybrid nanofluid (TiO2+MWCNT/water) at different
volume concentration (0% to 1.50%) to inspect its effect on heat transfer and pressure
drop characteristics. Discrete phase model has been worked for the inspection by
using CFD software (Fluent 14.0) and consequence have been differentiate with the
experimental result as well as for the consistent model. The consequence of the
experimental investigation of plate heat exchanger is closely matched with the CFD
results. CFD results has been validated by the experimental results and found closely
matched.
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1. INTRODUCTION
Plate heat exchanger is generally constructed of thin plates. The plates are either smooth
either has formed of corrugated; they are connected the heat exchanger. Flow arrangement is
feasible for PHE, depending on the heat exchanger arrangement, which contains the number
of channels, pass alignment, kind of channel flow and at the location of the inlet and outlet
relations on the frame. The plate heat exchanger is a tool that transport thermal energy by two
or many fluids by the convection property of fluids. Lozano et al. [1] had investigated the
large number of possible arrangements and the infinite dissimilar of industrial plates. The
colloidal suspension of nanoparticles (1-100 nm) in base fluid is called nanofluid, which is
new creation of heat transfer fluid for different heat transfer approaches where heat carry
feature is consider appreciable than the base fluid. Tiwari et al.[2] illustrated about the
different nanofluid at the various temperature and concentration of the nanofluid CeO2, Al2O3,
TiO2, and SiO2 with water based the thermal conductivity examined 35.9%, 26.3%, 24.1%
and 13.9%, specifically at perfect volume concentrations. Kwon et al. [3] had organized an
experiment for the analysis of heat transfer feature of Al2O3 with base fluid water nanofluids
for PHE and there volume concentration domain 0-6%. The outcomes showed that the OHTC
occurred 3% enhanced. Wu et al. [4] had done investigation for double pipe helical heat
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exchanger utilize nanoparticles Al2O3 with base fluid water in the nanofluid, the volume
concentration 0.78-7.4% used in experimentation. In the investigation, they have observed the
overall effect of nanoparticles on the heat in presented qualities of nanoparticles. Ghozatloo et
al. [5] concluded the result in shell and tube heat exchanger by using graphene with base fluid
water, volume concentration range 0.05-0.1%. The result is found HTC enhanced in 13.1% in
~0.1% A. Joker et al. [6] organized a numerical inspection into Al2O3 with base fluid water
nanofluid in a three-channel corrugated PHE using, CFD with concentrations domain from 14.0 vol. % in the control of laminar flow. The result of their investigation accepted that the
heat flow rate reduced by increasing the volume concentration of the nanofluid. They
concluded about the complex flow controls of nanofluids in the three-dimensional structure of
PHEs, which are slightly dissimilar from the simple geometries, such as, the circular pipes.

2. EXPERIMENTATION
Preparation of nanofluids is the basis operation in the use of nanoparticles for applications
heat transfer. In this process enhancement in the thermal conductivity, viscosity with the
various volume concentration and temperature.

2.1. Measurement of Nanofluid Thermal Conductivity
For measuring thermal conductivity of hybrid nanofluid finding we are use KD2 Pro thermal
properties analyzer. Instrument KD2 Pro include of a hand-hold controller and sensor which
will be installed in the medium. For inspection KS1 unit-needle sensor or bi-needle there
diameter -1.3 mm, length - 60mm attached to micro-processor is applied to identify or
evaluate thermal conductivity of hybrid nanofluids. The accurateness of the gadget is
identified thermal conductivity 0.2–2.0 W/m K of nanofluid by the constructor claiming ±5%.
Study the result of TiO2-CNT/water on the thermal conductivity, nanofluids were produced in
volume concentrations thermal conductivity is noted at unlike concentrations.

Thermal Conductivity (K) ) (W/mK)

1.1

1.05
55°C

1

60°C
65°C

0.95

70°C
75°C

0.9

80°C

0.85
0.25%

0.50%

0.75%

1.00%

1.25%

1.50%

Volume Concentration (%)

Figure 1 Variation of thermal conductivity Knf for TiO2 - MWCNT nanofluid with different volume
concentration
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The thermal conductivity measure 0.25%, 0.50%, 0.75%, 1.0%, 1.25% and 1.50% of
volume concentrations of nanofluid were determines for temperature range 55oC, 60oC, 65oC,
70oC, 75oC and 80oC. The thermal conductivity measured at 1.50% hybrid nanofluid is found
conductivity 1.083 W/m K at a temperature of 80°C, which is 60.85% higher compared to
thermal conductivity of base fluid (0.659 W/m K).

2.2. Measurement of Nanofluid Viscosity

Viscosity (µ) mPa.s

Measurement of viscosity we used led utilizing the LVDV - II + Pro Brookfield digital
viscometer. This viscometer is adopted by operating the immersed part that is termed a
spindle, through beryllium copper spring attached. In the LVDV – II + pro type viscometer
spring torque 673.7 (dyne - cm) and accuracy ± 1%full scale range are established.
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Figure 2 The variation viscosity (µ) mPas for TiO2-MWCNT hybrid nanofluid with different
concentration

The viscosity of hybrid nanofluid has been calculated at different temperatures (55oC,
60oC, 65oC, 70oC, 75oC, and 80°C) and concentration of nanoparticles (0.25%, 0.50%, 0.75%,
1.0%, 1.25%, and 1.50 %.) present operating of plate heat exchanger. The hybrid nanofluid
viscosity obeys the base fluid tendency where it reduces exponentially with variation of
temperature. However, as the nanoparticle bound with the base fluid expansion, the viscosity
value is also increased. This is verity that enhance in nanoparticle concentration in the hybrid
nanofluid enhance the fluid inner shear stress, hence the viscosity is enhance. To study the
conclusion of TiO2- CNT on the viscosity, nanofluid were produced in increase volume
concentration 0.25%, 0.50%, 0.75%, 1.0%, 1.25% and 1.50%. In the graph increase volume
concentration then the viscosity are enhance at temperature of 55oC hybrid nanofluid was
obtained viscosity as 1.762 mPas at the volume concentration of 1.50% Graph. So we write
that if increase the volume concentration then the viscosity is also increases.

3. CFD SIMULATION OF PLATE HEAT EXCHANGER
The CFD area comprises of administering equations, meshing generation details and
boundary conditions associated with the numerical examination. The leading calculations is
explained with commercial CFD package (Fluent 14.0) is used.

3.1. Solution Methodology
A business CFD package (ANSYS/Fluent 14.0) has been utilized for solving the
administering equations with the accompanying simplifies supposition:
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The PHE works under unfaltering state conditions.



Heat exchange surface has been thought to be free from fouling.



There is no mal-circulation of stream and the stream is similarly isolated into every one of the
channels.



The fluent stay in single phase along the channels.



The external walls of the PHE have been insulation protected.



κ– ε show has been utilized in the CFD simulation since a few numerical simulations of PHE
with water have utilized this model as it has an ability to determine optional stream.

Initially the whole of the heat exchanger was modeled with both the hot and cold fluid
zones to predict the exact flow and heat transfer process. But the domain was too large to
solve and it reached the computational limitation to generate the mesh.

Figure 3Mesh of the domain with maximum size of 1mm

The corrugated plate that was modeled with some approximations in the distribution area
of the corrugated plate and the whole plate heat exchanger initially designed for the analysis.
There were 5 layers for the cold fluid and the 4 layers for the hot fluid in the real model heat
exchanger so the fluid zones were made accordingly for the heat exchanger as well as for the
computational domain used for analysis

3.2. Mesh Generation
To solve the problem, the three zones were initially connected in the Design modeler so that
the connected mesh is generated. Initially mesh generated for the geometry was highly
skewed with skewness of 0.99 which made the simulation to diverge. Initial mesh generation
was done in the Ansys ICEM CFD with options as follows:


Physical reference: CFD



Solver Preference: Fluent



Relevance: 10



Advanced Size Function: Curvature on



Relevance Center: fine



Smoothing: high
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Transition: slow



Span Angle Center: fine



Growth Rate: 1.2

To generate a ‘good’ mesh the minimum size and the maximum size of the element is
changed and the table below shows the number of nodes and elements generated at different
maximum size.
Table 1
Number of nodes
2,76,031
5,08,727
10,97,741
17,62,153

Maximum size (mm)
1mm
0.8 mm
0.6 mm
0.5 mm

Number of elements
13,74,893
26,10,609
57,72,746
94,57,683

The mesh details are given below:
Cells – 14,37,429
Faces – 61,80,719
Nodes – 37,62,686

3.3. Boundary Conditions
The inlet, outlet, walls and the surfaces are named selected during the mesh generation so as
to apply the boundary conditions accordingly. The boundary conditions for inlet are kept as
velocity inlet, for outlet it is kept as pressure outlet. For the thermal conditions of the walls of
the fluid zone which are exposed to the atmosphere the adiabatic conditions are used and for
that of in contact with the corrugated plate the coupled boundary conditions are used.
The values of different boundary conditions for the water-water heat exchange are as
follows:


Cold fluid inlet velocity: 0.0176 m/sec (as accordance to 220 kg/hr)



Hot fluid inlet velocity: 0.01 m/sec



Cold Inlet temperature:

293 K



Hot Inlet Temperature:

348 K



Turbulence Intensity:

6%



Hydraulic Diameter:



Back Flow Temperature: 320 K

(as accordance to 100 kg/hr)

30 mm

3.4. Analysis and Solution
The governing equations were solved using the commercial CFD package FLUENT 14.0 with
the following simplifying assumptions; The figure below shows the graph of residual vs.
number of iterations to obtain the converged solution for water-water combination.
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Figure 4 Graph of residual with respect to the Iterations

Time taken to obtain the converged solution for one combination is about 16 hours and it
takes 3978 iterations in intel i5 2nd generation processor, since the heat exchange takes place
in the lateral direction so double precision is taken into consideration, parallel processing is
done with all 8 processors in working mode so as to obtain 100% usage.

4. RESULTS AND DISCUSSION
The computational fluid dynamics results for the domain with the water-water combination
and the water-nanofluid combination is shown and discussed in this section. As discussed
earlier, the need of corrugation in the plates is for increasing the turbulence in the flow and
also to avoid recirculation in of the fluid between the plates otherwise formation of hot spots
will form irregular heat exchange.
The velocity profile of the cold fluid zone and the hot fluid zone is shown in the figure.

Figure 5 The velocity profile of the cold fluid and the hot fluid.

The temperature distribution of the fluid zone clearly shows that there is no change in the
temperature at the distribution area initially and then the heat exchange between the fluid
zones takes place. The temperature distribution of the water-water combination of cold fluid
zone and hot fluid zone is shown in the following figures respectively.
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Figure 6 The velocity vector of the cold fluid showing the turbulence generated.

Figure 7 Temperature distribution of the cold fluid and hot fluid

After getting converged solution for water-water flow, data was compared with the
theoretical analysis of heat exchanger for same inlet temperatures and flow rate. Outlet
temperature and pressure drop are as follows for both the cases:
Table 2
Hot water mass flow rate
Cold water mass flow rate
Hot water inlet temperature
Cold water inlet temperature
Hot water outlet temperature
Cold water outlet temperature
Hot water side pressure drop
Cold water side pressure drop

Theoretical analysis
100 kg/hr
220 kg/hr
348 K
293 K
316.2 K
315.1 K
145.87 Pa
415.2 Pa

CFD analysis
100 kg/hr
220 kg/hr
348 K
293 K
318.21 K
312.34 K
140.929 Pa
297.211 Pa

The corrugated plate three different surfaces were created to obtain the temperature
distribution of the plate at different regions shown in figure.
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Figure 8 Distribution of temperature of the corrugated plate

5. CONCLUSIONS
The significant conclusions is obtained from experimental & CFD simulation by using (fluent
14.0) and geometry generated in Ansys 14.0 work are characteristics below.


Hybrid nanofluid has optimal volume concentrations in which the heat transport individuality
shows the extremity augmentation.



The Experimental results is strictly matched by the CFD results, which is confirm that uniform
mixture of hybrid nanofluid (TiO2-MWCNT) simulation can be successfully utilized to
forecast the application of plate heat exchanger.



Hybrid nanofluid is favorable rider enhance performance of PHE despite the inconvenient
result of enhancement in the viscosity.



The largest temperature arises about in the hot fluid top port as the smallest temperature arise
in cold fluid flow throughout bottom port, the temperature slope is bigger, and result of heat
transport is supplementary acceptable.
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