WSEAS TRANSACTIONS on HEAT and MASS TRANSFER Farid Ahmed, Md Minaruzzaman Sumon,
DOI: 10.37394/232012.2021.16.17 Muhtasim Fuad, Ravi Gugulothu, AS Mollah

Numerical Simulation of Heat exchanger for analyzing the performance
of parallel and counter flow

FARID AHMED', MD MINARUZZAMAN SUMON?, MUHTASIM FUAD', RAVI GUGULOTHU?, AS MOLLAH'"
"Department of Nuclear Science and Engineering, Military Institute of Science and Technology,
Dhaka, BANGLADESH.
2Department of Mechanical Engineering, Bangladesh University of Engineering and Technology,
Dhaka, BANGLADESH.
3Department of Mechanical Engineering, INTUH College of Engineering Hyderabad, Kukatpally,
INDIA

Abstract: - Heat exchangers are almost used in every industry. Among them, shell and tube heat exchangers are
covering around 32% of the total heat exchanger. Numerical simulation of the Computational models is playing
an important role for the prototypes including the Heat Exchanger Models for the improvement in modeling. In
this study, the CFD analysis of parallel and counter flow shell and tube heat exchanger was performed.
Following project, looked into the several aspects and these are the temperature, velocity, and pressure drop
and turbulence kinetic energy along with the heat exchanger length. Hot water was placed in tube side and cold
water was placed in shell side of the heat exchanger. Shell side cold temperature was increasing along the heat
exchanger length. On the other side, tube side hot water temperature was decreasing along the tube length.
This effect was more significance in counter flow rather than the parallel flow. Velocity was more fluctuating
in the shell side due to presence of the baffles. Also following the same reason, pressure drop was higher in the
shell side cold water rather than the tube side hot water. To measure the turbulence effect, turbulence kinetic
energy was determined. Turbulence was decreasing first part of the shell and tube heat exchanger. But, it was
increasing along through the rest part heat exchanger. All these observations and the outcomes are evaluated
and then further analyzed.
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1. Introduction

Heat exchanger is a device which can transfer heat
between two or more fluids from higher temperature to
lower temperature. Various types of heat exchangers are
used for process of heating and cooling applications[1]. In
many engineering sectors heat exchangers are playing
major role, due to reliability, technology involved in
manufacturing methods, versatility of it and operating at
high pressure and temperatures[2]. Since many years,
industries like oil refinery, power generation plants are
using shell and tube heat exchangers, in it baffles plays the
key component to leads the fluid flow in shell area.

The characteristics of the fluid flow and the temperature
profile of the fluid once the wall temperature changes, is
completely dependent on the fluid properties due to wall
temperature. Similarly the velocity profile can also be
developed which is used for any Prandtl number material.
The only assumption here is to make sure that both the
temperature and the pressure profiles are starting at the
same point [3]. The velocity field of the fluid that is
flowing through the wall temperature tubing was described
based on the Poiseuille flow which was assumed based on
the analytical measurements [4]. The developed solutions
by Sellars, Tribus and Klein [5][6][7][8], the entrance of
the tubingfor the series solution had extremely low
convergence. Hwang et al. [7] computed the coefficient of
the heat transfer along with the pressure drop in the
developed laminar pipe flow maintaining the constant heat
flow conditions. It was evaluated and then further
discussed that the result of experimental analysis matches
with the prediction from theoretical calculation precisely.
Bianco[8], detected a supreme of 11% variation between
the single and the double laminar phase regime.

Akbari et al. [9], then analyzed the results of two phase
and single phase fluid flow regime under laminar flow
condition for three different fluid models. The study
concluded that both the single phase and double phase
flow regime models are capable to produce identical
features of hydrodynamic properties. The term hydro
dynamically developed flow is achieved in a pipe where
the effect of velocity from the entrance length reaches the
center of the pipe.

Currently, new heat exchangers have also been considered
for the development in the field of thermal engineering
such as the small heat exchangers which are used for the
cooling of the electronic components and the systems
[9][10][11][12][13]. Some new materials such as polymers
have also been discovered for improving polymer heat
exchanger for better entanling and also resistance to
corrosion[14]. Kragh et al. [15] also developed a new
counter flow heat exchanger for the ventilation system for
the colder climates. The efficiency of the heat exchanger
was then calculated both experimentally and theoretically.

For analyzing the impact of the operational and the
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validated model. Later, Hasan et al.[17], showed the effect of
channel geometry on the counter flow heat changer
performance. Different shapes such as the circular, square,
rectangular, etc were evaluated by the used numerical
simulations and the influences of these shapes were studied.
They conferred from their studies that up surging the channel
numbers eventually enhanced the heat transfer but the pressure
and the pumping power got enlarged. The conclusion was
made that the circular shaped tubes are capable of resulting an
increase under optimum conditions compared to other types of
shapes [18].

Hamid Reza Abbasi et al. [1] numerically studied shell and
tube heat exchanger with segmental baffles with porous media
using CFD in combination with machine learning tools, author
noticed that baffle angle 111.90 and 16.69 mm thickness
baffle is the optimum configuration to produce 523.81 kW
heat transfer rate, 48.87 kPa pressure drop. It reduces 61.3%
pressure drop and 11.15% enhancement in heat transfer.
HasanKucuk et al. [28] experimentally investigated the heat
transfer and pressure drop of shell and tube heat exchanger
using Kern’s method with 25% baffle cut, 2.3 times higher
pressure drop.

In this paper, the investigation was made to highlight the
performance of counter flow over parallel flow for transferring
heat. The results of numerical simulation were compared with
both the analytical and experimental results. The objective of
the study is to show the capacity of removing heat for counter
flow over turbulent flow including the observation of flow
profile and pressure drop. For the purpose of this project is to
introduce the undergraduate students with CFD simulations of
Heat Exchanger and validating the CFD results with the
experimental data acquired from laboratory. The study could
be a necessary and fundamental approach to accomplish for
undergraduate students studying heat transfers in heat
exchanger.

2. Governing Equations

Finite volume method was considered for solving the
governing equations of CFD model using ANSYS Fluent [22].
FVM is a discretization techniques to discretize Partial
Differential Equations which is widely popular for capturing
flow physics of complex fluid and complex geometries [23].
However, FVM techniques require more computational
efforts. The properties for the coolant water are kept to be
constant and the flow is considered to be incompressible,
whereas water is assumed to be a Newtonian fluid. Over the
flow regime, under completely steady conditions, for
analyzing the temperature and velocity fields Navier-Stokes
equation, energy equations, are solved for the continuity of
fluid. The governing equations over the flow regime are
showed[24]:

Continuity equation:

geometric parameters of the cross flow and the counter a(pui)
flow heat exchangers on different cooling performances, —8X =
Zhan et al. [16] developed and used an experimentally i
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3. Computational Model

Table 1. Design features for the study of shell and tube heat

exchanger
Major Design Features Dimensions
Heat exchanger length, L 600 mm
Inner diameter of shell, Ds 90 mm
Length of the tube, 1 600 mm
Buter diameter of the tube, 20 mm
0

No of tube, Nt 07
Tube pitch & geometry, Pt Triangula

r, 30 mm
Baffle cut, B¢ 25%
Batfile spacing, Bs 85.70 mm
Baffle thickness, t 3 mm
No of buffles, Nb 6
Baffle inclination, o 0 degree

Figure 1. Geometry of Computational Domain

4. Meshing and Grid Generation

The grid generations were taken into consideration with
different mesh refinement ratios through changing the number
of nodes and element sizes. The grid generations started with a
coarse mesh with tetrahedral and pyramid shaped cells along
with triangular and quadrilateral face. The connection between
the nodes and elements over the contact regions and interfaces
are maintained through contact meshing. The accuracy was
maintained through creating polyhedral meshes using reverse
cut cell method over the shell domain region[25][26][27].
Finally the elements and nodes are shell domain region.
Finally the elements and nodes are bounded with 1757548 and
587849 respectively (Figure-3). The numerical diffusion is
reduced through creating concentrated mesh near wall region
and the wall treatment was enhanced through creating
inflation layer to capture both the thermal and velocity
gradient during fluid flow.
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Figure 2: Grid generation over flow regime

Figure 3. Polyhedral mesh over flow regime

5. Boundary Conditions

For producing fully developed turbulent flow the flow
channel was kept to be 600 mm which is sufficient for
creating fully developed turbulent flow. For solving the
turbulent nature RNG k-epsilon model was chosen. The
inlet velocity is kept 1.594 m/s for the hot channel whereas
the outlet is considered to be pressure outlet. The inlet
velocity for cold channel is chosen to be 0.0787 m/s and
outlet is assumed as pressure outlet. The temperature of
the hot water is chosen to be 340 K while the temperature
of the coolant is selected as 300 K. The surrounding
temperature of the environment including the temperature
of tube wall is kept to be 300 K.

6. Numerical Simulations

For solving the coupling of pressure and velocity fields
SIMPLEC mechanism is selected having a zero correction
for the skewness of the cell. For getting better accuracy,
second order upwind was enabled for both the energy and
momentum equations during the spatial discretization
using Finite Volume Method. The convergence criteria
were set to e-6 for continuity and momentum equations
while e-8 is kept for energy equations. The simulation was
progressed using ANSY'S Fluent.
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7. Validations of the Results

For the wvalidation of the numerical results both the
experimental analysis and the analytical approach is
formulated. For the convenience of the validation variation of
temperature is calculated from the experimental set up as well
as from the analytical solution. The variation of temperature
for both the counter flow and parallel flow over the
computational domain is tabulated in Table 2 and Table 3.

148

Table 2
Fluid Analytical |Experimental Present
Domain Results (AT) | Results (AT) Study
Analysis Kelvin Kelvin (AT)
Kelvin
Temperature 2.70 2.75 2.53
change
in hot
water
Temperature 7.22 7.26 7.0
change in
cold water
Table 3
[Fluid Analytical Experimental Present
[Domain Results ( AT) Results ( AT) Study
Analysis Kelvin Kelvin (AT)
Kelvin
Temperature 4.279 43 4.53
change in
hot water
Temperature 14.44 14.5 14.9
change in cold
water

8. Results and Discussion

For the analysis and evaluation of the performance of heat
exchanger various parameters was analyzed like temperature
contour, pressure drop, velocity contour, and turbulence
kinetic energy.

8.1 Heat Transfer

From the Figure 4 the evaluation can be made that the counter
flow of the fluid direction over the domain -efficiently
increases the heat transfer. The change of the temperature
along the centerline was investigated and found that the
counter flow transfer more heats as the graphical line goes
farther down compared to parallel flow. Besides from the
Table 2 and 3, it can be concluded that the variation of
temperature for both the hot fluid and cold fluid over the fluid
domain is sufficiently high for counter flow compared to
parallel flow. The centerline temperatures are taken over the
hot flow regime. Figure 5 shows the temperature variation
over the wall of hot tubes to evaluate the extraction of
temperature through the coolant.
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Figure 4: Temperature distribution along the centreline of the shell
and tube heat exchanger
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Figure 5: Temperature distribution over the hot tubes

8.2 Variation of Pressure

From Figure-6, the pressure drop for both type of heat
exchanger is evaluated through pressure counter. It
indicates that the pressure is decreasing along the coolant
flow direction over the fluid domain which eventually
increases the pressure drop. The pressure is dropped at the
baffles and the inlet and outlet in the shell of the shell and
tube heat exchanger. In the tube side hot water region
pressure doesn’t decrease significantly.

8.3 Variation of Velocity

Efficiencies of the shell and tube heat exchanger are
largely depends on the velocity profile of the shell side
cold water and the tube side hot water. Figure 7 indicates
that tube side hot water velocity can’t change significantly.
But it indicates that the shell side cold water velocity can
change with irregular manner. From the Bernoulli’s
Equation, that summation of kinetic head, static pressure
head and potential head is constant [19][20][21][24].
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Figure 6: Pressure variation of shell and tube side water along the
heat exchanger in (a) Parallel flow (b) Counter flow

8.3 Variation of Velocity

Efficiencies of the shell and tube heat exchanger are largely
depends on the velocity profile of the shell side cold water and
the tube side hot water. Figure 7 indicates that tube side hot
water velocity can’t change significantly. But it indicates that
the shell side cold water velocity can change with irregular
manner. From the Bernoulli’s Equation, that summation of
kinetic head, static pressure head and potential head is
constant [19][20][21][24]. In other words, summation of static
pressure energy, kinetic energy and potential energy is
constant. As, for this model of the shell and tube heat
exchanger’s inlet and outlet are in same elevation, so the
potential head is constant. Now, if the change in the pressure
head changes, the kinetic head/velocity must change. At the
baffle region of the shell and tube heat exchanger, pressure
decreases. For this reason, velocity at the region increases.
This approach can be explained in other ways using the
continuity equation. According to the continuity equation, the
mass flow rate of a control volume is always constant. At the
baffle region in the shell of the shell and tube heat exchanger,
there is less flow area. To ensure the mass flow rate constant
at this region, velocity needs to increase. At this region,
velocity increases several decades to hundreds.
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Figure 7: Velocity variation of shell and tube side water along the
(a) parallel flow (b) counter flow in heat exchanger

Moreover, it is observed that the inlet velocity of the hot
fluid starts to increase up to the cold fluid zone and again
starts to decrease a bit. Though the hot fluid velocity
should remain constant over the tubes but the velocity
fluctuates because of the temperature changes in fluid
which eventually leads to kinetics of the fluid molecules.

19 p
B o
oO Og
DD

o
o
g™ 0

185 |

175 F E

1.7 F O

Velocity [m/s]
o

165 | L]
: &

1.6 [

1.55 L I I L I L I I L I L I I L L L
o 0.2 0.4 0.6 0.8
Z[m]

Figure 8: Velocity distribution along the centreline of the shell and
tube heat exchanger (Counter Flow)

In this Figure 8, the water enters into the shell from the
right. It means that the flow direction of the shell side cold
water ant the tube side hot water are in the same direction
and the flow directions are from right to the left side of the
figure. Here, it is seen that velocity at the centerline of the
shell and tube heat exchanger is increasing and reaches a
peak value and then it decreases.

8.4 Turbulence Kinetic Energy

Turbulence Kinetic Energy (TKE) indicates the
measurement of the turbulence. It is the mean kinetic
energy per unit mass associated with eddies in turbulence
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flow. It is physically measured by root mean square of the
velocity fluctuations. Figure 9 indicates the turbulence kinetic
energy of the shell and tube heat exchanger. As observed in
the figure, the value of TKE is found highest near the baftle
zones whereas it gradually decreases apart from segmental
baffles. = The reason could be explained that due to
incorporation of segmental baffles along the flow path, the
flow patterns get obstructed and induces higher turbulence
intensity.

Figure 9: Turbulence variation of shell and tube side water along the flow
direction (counter flow)

Figure 10 shows the turbulence kinetic energy along the
centerline of the shell and tube heat exchanger. The figure
shows that the value of TKE gradually decreases apart from
the baffles due to having lower velocity fluctuations. On the
contrary when the flow is reaching towards baffles it increases
again and reached to the peak value.
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Figure 10: Turbulence variation of shell and tube side water along the
centreline (counter flow)

9 Conclusions

This project described the CFD analysis of shell and tube heat
exchanger by the ANSYS is less costly and flexible process
which is efficiently able to determine the performance of the
domain. Here, CFD analysis of parallel and counter flow heat
exchanger was performed and simulated to understand the
heat transfer and the fluid flow regime and conclusion is
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assessed over the better performance of heat transfer
during counter flow. In parallel flow, hot water
temperature decreased to 339.5 K from 340 K and cold
water temperature increased to 307.5 K from 300 K. In
counter flow, hot water temperature decreased to 339 K
from 340 K & cold water temperature increased to 315 K
from 300 K. So, in counter flow heat exchanger, heat
transfer is more than the parallel flow heat exchanger.
Following analysis, pressure changed from 3.59e+0004 to
-2.55e+0003. The detailed findings of the temperature,
velocities and distribution of pressure can be used as
guidance for further optimization of a heat exchanger
design. The study shows that CFD modeling can be used
to accurately determine the outlet temperature which can
be taken as a step for the further collection of the
experimental data. This will further help to determine the
thermodynamic characteristics of the heat exchanger and
can be used for the future design purposes.

The future scope of the study could be expanded to
implementing helical baffles which increases heat transfer
coefficient while decreasing pressure drop. Moreover,
implementation of nanofluids as coolant might a great
scope to conduct future investigations as the thermal
performances are enhanced due to application of
nanofluids. Currently, water based MXene, Functionalized
Graphene and hybrid of MXene-Functionalized graphenes
nanoparticles are getting attention due to its enormous
improvements in thermo-physical properties.
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