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Abstract - A well-designed heat exchanger improves the
effectiveness of the heat exchanger. A hairpin heat exchanger
resembles a hairpin when a shell-and-tube heat exchanger
with a single-pass unit is folded in half, which can be used
where space is a constraint. Design, CFD analysis and
evaluation of various parameters of hairpin heat exchanger
with graphene layer and its comparison with hairpin heat
exchanger without graphene layer is the main aim of this
paper. The heat exchanger is modified with the addition of a
graphene layer on both the side (inner and outer side) of the
tube of the heat exchanger. Graphene is an allotropic form of
carbon having a single layer of atoms distributed in a 2-D
honeycomb lattice. The coefficient of thermal conductivity of
graphene is very high as compared to other materials. In
addition to it, nanofluid Al;O3 is introduced as cold fluid.
Nanofluids are colloidal suspensions made of nanoparticles in
some base fluid. ANSYS FLUENT 2020 has been used to model
the geometry and to perform numerical simulation. Turbulent
flow conditions were used to analyse the heat exchanger. CFD
analysis has been done on hairpin heat exchangers using
graphene layer. The results indicate that the high thermal
conductivity of graphene increases rate of heat transfer, and
the numerical value of convective heat transfer coefficient is
also high.

Key Words: Hair pin heat exchanger, Graphene,
Nanofluid, Thermal analysis, Convective heat transfer
coefficient.

1. INTRODUCTION

The increase of convective heat transfer coefficient is one of
the foremost vital technical aims for industrial appliances
used in heat transfer applications. A hairpin heat exchanger
resembles a hairpin when a shell-and-tube heat exchanger
with a single-pass unit is folded in half. Unlike multi-pass
heat exchangers (multiple passes on the tube side), hairpin
heat exchangers have the peculiarity that the shell side
stream circulates countercurrent to the tube side flow, in all
passes. water, glycol, and engine oil are conventional fluids
normally used for heat transfer. Various procedures are
applied to help the heat transfer since low heat transfer
coefficient of these ordinary fluids hinders the improvement
in performance and the compactness of heat exchangers.

Blending of solid particles in the base liquid is a method to
increase rate of heat transfer. As metal have higher thermal
conductivity than liquids, suspending solid particles into the
base fluid is relied upon to upgrade the thermal conductivity
of thatliquid. The upgrade of thermal conductivity of normal
liquids by the suspension of solid particles, similar to
millimetre or micrometre sized particles, has been notable
for quite some time.

Experiments were conducted to increase the heat transfer in
laminar and turbulent flow of different compositions of
glycol blended in with water in a double tube hair pin heat
exchanger. Acquired outcomes showed that the heat transfer
coefficient of the blend of ethylene glycol and water
increment with Reynolds number and ethylene glycol
concentration [1]. Various investigations show that
nanofluids will improve rate of heat transfer because of their
higher thermal conductivity than base fluids [2-5]. Many
researchers focused to increase the convection
characteristics by considering different parameters like
addition of nanoparticles, pipe cross-sectional area,
materials, the concentration of nanofluid, and flow
conditions [6-11]. A study was conducted on the specific
heat of ethylene glycol, Al,O3 and water (EG/W) nanofluid
and its outcome on the cogeneration efficiency of a 45-kW
diesel electrical generator (DEG) shows that the productivity
of waste heat recovery within the device was augmented
because of the higher convective heat transfer coefficient of
the nanofluids [12]. The experiments were done to analyze
the feasibility of Al,03/water nanofluid in an air-cooled heat
exchanger. Results show that Al203/water nanofluid has
better heat transfer rate than water [13]. CFD examination
on hair pin heat exchanger using A1203 and TiC nanofluids
blended in with base fluid independently at 0.6 and 0.7
percent volume fraction affirm that TiC is the reasonable
fluid at 0.6 percent volume part inside the hair pin heat
exchanger for a superior rate of heat transfer [14].

Aluminum graphene nanoplatelet composites were
fabricated by the stir casting method to increase the
mechanical properties of aluminum. [15]. Heat transfer in
condenser tank using Al;03- DI water Nanofluids was
analyzed in this experiment, and it was observed that
nanofluid enhances the heat transfer and the convective heat
transfer coefficient [16].
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1.1 Objective of present study

Currentarticle deals with CFD analysis of the double pipe
heat exchanger with Graphene layer using Al,03. The analysis
is done on heat exchanger with graphene layer and without
graphene layer. Hair pin heat exchanger offers a thermal
efficient design with a smaller shell than customary shell and
tube heat exchangers and it likewise withstands high
terminal temperature gradients along these lines forestalling
possible disappointment because of thermal induced stresses.
To the best of our knowledge from literatures there has been
no study with the use of graphene layer in the heat
exchanger. So, in this article, an analysis of hairpin with Al,03
has been done.

1.2 Design and CFD analysis

The geometry of the heat exchanger modeled on ANSYS
Workbench 2020 with the dimensions as below.

Shell side diameter - 84 mm

Tube OD - 42 mm

Tube ID - 40 mm

Thickness of graphene layer - 0.5 mm

Inlet and outlet diameter of cold and hot fluid - 40 mm

The materials used are aluminum and graphene. The shell
and tube are made up of aluminum and the inner and outer
side of the tube is layered with graphene. Graphene layers
are pasted on aluminum by the use of spin-coating or drop-
cast. The tube side is filled with hot fluid and the shell side is
filled with cold fluid.

1.3 Numerical solution procedure

Basic governing equations like momentum equation,
energy equation, the continuity equation is used in the CFD
analysis of hairpin heat exchanger. PRESTO scheme is used in
the coupling of pressure and velocity under SIMPLEC
algorithm. For numerical discretization of all the equations,
the upwind scheme of second-order is in use because of more
accuracy than the first-order upwind scheme. Convergence
criteria for the different parameters are different. For
continuity equation, 1.0e-05 is used, for velocities in all
directions 1.0e-05 is used, for energy equation 1.0e-08 is
used and for k and e 1.0e-05 is used. To reach the
convergence value fast, relaxation value assigned to pressure
is 0.3 while k and € is 0.7 and temperature is 0.9. Mass flow
inlet is used for inlet of the cold and hot fluid and pressure
outlet is used for the outlet of both fluids.

1.4 Boundary Conditions

The hot fluid’s mass flow rateis 1 1pm, 2 lpm, 3 Ipm, 4 Ipm
and 5 lpm but the mass flow rate is kept constant for the cold
fluid, which is 1 Ipm. The temperature of cold fluid inlet is
300 k while hot fluid inlet is 353 k.

1.5 Grid Formation

After model formation of the heat exchanger, meshing is
to be done on the model. Meshing is the process of
distributing surfaces into small areas. These small areas are
analyzed separately to find the final solution. Mesh should be
fine, and the quality of the meshing is checked by aspectratio
and skewness. Aspect ratio should be less than 600 and
skewness should be less than 0.9.

Geometry has been meshed with an element size of 10 mm.
Inflation is given on both inner and outer fluid separately to
take into consideration of no-slip condition and laminar sub-
layer in the boundary layer. Meshed geometry and the
inflation are shown in Fig.1. The first layer thickness is
calculated from the wall y+ calculator. The naming of both
inlet and outlet of cold and hot fluid is done for the counter
flow of fluid. Boundary conditions are applied on the setup
page of Ansys 2020. Energy equations are kept on and flow is
assumed to be turbulent. A turbulent model of k- epsilon is
used. Materials properties are added for graphene and Al;03
nanofluid. The hot fluid is water, and the cold fluid is
nanofluid. The material of the shell and tube is aluminium,
and the layer of the tube side is graphene. The mass flow rate
of cold fluid is kept fixed i.e., 1 I]pm, and mass flow of hot fluid
is varied from 1 to 5 Ilpm. Iteration is done till the
convergence is reached. All the data has been calculated from
post-analysis. Heat flux, temperature of the wall and fluid,
pressure drop, skin friction coefficient, surface Nusselt
number, and effective Prandtl number are calculated.
Convective heat transfer coefficient is calculated from the
standard equation of heat transfer i.e.,, ¢ = hdT. The fluid
temperature, wall temperature and heat flux are taken at 10
different locations each at 0.1 m. Then average of all the data
to calculate the convective heat transfer coefficient, is taken

Fig -1: Inflation on tube side of the heat exchanger

Terminology Used:

At volume fraction = 0.6

Nano fluid density (pnr):
pnf=2727.28 kg/m3

Nano fluid specific heat (Cpnr):
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Cpnr=1389.02 J/kg-K

Nano fluid viscosity (pr):

Unf = 0.0025075 kg/m-s

Nano fluid thermal conductivity (Kns):
Knr=5.13 W/m-K

2. Result and discussion

Performance analysis of heat exchanger with graphene layer
and without graphene layer using Al,Os3 is as follows:

2.1 Heat Flux

In the case of a heat exchanger with a graphene layer, heat
flux increases for both the fluid as the flow rate increases, as
seen from Fig.2. Heat exchanger with graphene layer, for cold
fluid, heat flux increases from 5954 W/m2to 9905 W/m2 but
for hot fluid, heat flux increases from 6610 W/m2 to 10861
W/m?Z. In heat exchanger without graphene layer, heat flux
increases for both cold and hot fluid as flow rate increases
but variationis less. For cold fluid, heat flux varies from 7549
W/m?to 9092 W/m?2. Heat flux in the case of heat exchangers
with graphene is higher in comparison to heat exchangers
without graphene.

Fig -2: Heat flux of hot and cold fluid

2.2 Convective heat transfer coefficient

Convective heat transfer coefficient for cold fluid first
increases from 1610 W/m2K for the flow rate of 1-1 to 1717
W/m2K for the flow rate of 1-3 and then decreases to 1614
W/m2K for the flow rate of 1-5. (1-3, where 1 is the flow rate
of cold fluid and 3 is the flow rate of hot fluid). In the case of
hot fluid, the convective heat transfer coefficientincreases as
we increase the flow rate i.e.,, 1-1 lpm to 1-5 lpm. Its value
increases from 490.64 W/m2K to 822 W/m?2K.

For the cold fluid, there is a slight variation in convective heat
transfer coefficient but for the hot fluid, convective heat
transfer coefficient increases from 398 W/m2K to 1117
W/m?2K, as the flow rate increases from 1-1 Ilpm to 1- 5 Ipm
(Where 1-5 lIpm indicates 1 Ipm for the cold fluid and 5 Ipm
for the hot fluid). The value of the convective heat transfer
coefficient for the hot fluid goes up to 1117 W/m2K due to the
graphene layer. Due to high thermal properties of graphene,
it transfers more heat from hot to the cold fluid.

Graphical representation of convective heat transfer
coefficient can be seen from Fig.3. The abscissa shows the
case, and the ordinate shows the convective heat transfer
coefficient. This graph shows the comparison between the
convective heat transfer coefficient of both hot and cold fluid.
Cold fluid heat transfer coefficient is more and lies in the
range of 1600 W/m2K to 1700 W/m2K but for the hot fluid
with graphene layer, it goes up to 1117.2 W/m?K.

Fig -3: Convective heat transfer for cold and hot fluid

2.3 Pressure drop

In the case of a heat exchanger without graphene,
pressure drop decreases as flow rate increases for cold fluid,
but pressure drop increases for the hot fluid as flow rate
increases. But with graphene, pressure drop in the case of
cold fluid approximately remains constant, but the hot fluid
pressure drops increase. Heat exchanger with graphene gives
the least pressure drop in the range of 0.40 bar. Pressure
drop is shown in Fig.4.

Fig -4: Pressure drop for hot and cold fluid
3. CONCLUSIONS

Convective heat transfer coefficient for hot fluid using
graphene layer when it flows at 5 Ipm gives the highest value
0f 1117 W/m2K.

Convective heat transfer coefficientlies in the range of 1600
W/m2K to 1700 W/m2K for Al,Os for both cases studied in
this work.

The change in velocities at the inlet and outlet for both the
fluid is negligible. There is a maximum increase of 1.2
percentage in velocities. This shows the losses in the pipe are
considerable.
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Present results are compared with the study performed by
Pavushetti Abhilash, Udutha Raghupati [14]. Results indicate
that heat flux and convective heat transfer coefficient gives
higher value with the use of graphene.

REFERENCES

[1]

[2]

(3]

(4]

[5]

(6]

[71

(8]

[]

M. Kumar, V. K. Yadav, B. Verma, K. K. Srivastava.
Experimental Study of Friction Factor During Convective
Heat Transfer in Miniature Double Tube Hair-pin Heat
Exchanger. Procedia Technology 24, 669 (2016).
https://doi.org/10.1016/j.protcy.2016.05.182

Y. Xuan, Q. Li. Heat transfer enhancement of nanofluids.
International Journal of Heat and Fluid Flow 21, 58
(2000). https://doi.org/10.1016/S0142-
727X(99)00067-3

J.A. Eastman: Anomalously increased effective thermal
conductivity of ethylene glycol-based nanofluids
containing copper nanoparticles. Applied Physics
Letters 78, 718 (2001).
https://doi.org/10.1063/1.1341218

H. Xie, J. Wang, T. Xi, Y. Liu. Thermal conductivity
enhancement of suspensions containing nanosized
alumina particles. Journal of Applied Physics 91, 4568
(2002). https://doi.org/10.1063/1.1454184

S.K.Das, N. Putra, P. Thiesen. Temperature dependence
of thermal conductivity enhancement of nanofluids.
Journal of Heat Transfer ASME 125, 567 (2003).
https://doi.org/10.1115/1.1571080

S.ELB. Méag1 a, C.T. Nguyen, N. Galanis. Heat transfer
behaviors of nanofluids in a uniformly heated tube.
Superlattices and Microstructures 35, 543 (2004).
https://doi.org/10.1016/j.spmi.2003.09.012

Y.Yang, G. Zhang, E.A. Grulke. Heat transfer properties of
nanoparticle-in-fluid dispersions (nanofluids) in laminar
flow. International Journal of Heat and Mass Transfer
48, 1107 (2005).
https://doi.org/10.1016/j.ijjheatmasstransfer.2004.09.0
38

W.Y Lai, B Duculescu, P.E. Phelan, R.S. Prasher.
Convective heat transfer with nanofluids in a single
1.02-mm tube. Proceedings of ASME International
Mechanical Engineering Congress and Exposition 3, 337
(2006). https://doi.org/10.1115/IMECE2006-14132

S. ZeinaliHeris, M. N. Esfahany. Experimental
investigation of convective heat transfer of A1203 /water
nanofluid in circular tube. International Journal of Heat
and Fluid Flow 28, 203 (2007).
https://doi.org/10.1016/j.ijheatfluidflow.2006.05.001

[10]

[11]

[12]

[13]

[14]

[15]

[16]

W. C. Williams, ]. Buongiorno. Experimental
investigation of turbulent convective heat transfer and
pressure loss of alumina/water and zirconia/water
nanoparticle colloids (nanofluids) in horizontal tubes.
Journal of Heat Transfer ASME 130, (2008).
https://doi.org/10.1115/1.2818775

K.V.Sharma, L. S. Sundar, P. K. Sarma. Estimation of heat
transfer coefficient and friction factor in the transition
flow with low volume concentration of A1203 nanofluid
flowing in a circular tube and with twisted tape insert.
International Communications in Heat and Mass
Transfer 36, 503 (2009).
https://doi.org/10.1016/j.icheatmasstransfer.2009.02.0
11

D. P.Kulkarni, R. S. Vajjha, D. K. Das, D. Oliva. Application
of aluminium oxide nanofluids in diesel electric
generator as jacket water coolant. Applied Thermal
Engineering 28, 1774 (2008).
https://doi.org/10.1016/j.applthermaleng.2007.11.017

T. Teng, Y. H. Hung. Performance evaluation on an air-
cooled heat exchanger for alumina nanofluid under
laminar flow. Nanoscale Research Letters 6, (2011).
https://doi.org/10.1186/1556-276X-6-488

P. Abhilash, U. Raghupati. Design and CFD analysis of
hair pin heat exchanger using aluminium and titanium
carbide nanofluids volume. Materials Today 39, 764
(2021). https://doi.org/10.1016/j.matpr.2020.09.451

V. Subbaiah, B. Palampalle, K. Brahmaraju.
Microstructural Analysis and Mechanical Properties of
Pure Al- GNPs Composites by Stir Casting Method.
Journal of The Institution of Engineers (India) Series C
100, 493 (2019). d0i:10.1007/s40032-018-0491-1

B. Singh, C. Singh. Unsteady Natural Convection in
Condenser tank containing A1203-DI Water Nanofluids.
Journal of The Institution of Engineers (India) Series C
101,703 (2020). doi: 10.1007/s40032-020-00571-w

© 2022, IRJET |

Impact Factor value: 7.529

ISO 9001:2008 Certified Journal |

Page 2929



