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Simulation of Exergy Analysis & Heat Transfer of Shell and Multi Pass
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Abstract

The heat exchanger (HX) is a critical component in several sectors, since it effectively enhances heat transfer
rates, hence reducing energy consumption. This work examines the numerical modeling of a shell and double tube
heat exchanger, both with and without baffles, in order to assess the heat transfer with exergy analysis. A
computational fluid dynamics (CFD) program called ANSYS (Fluent) is used to do a numerical simulation of a
3D model with turbulent flow between the range of 4000 to 12000. The circular vent baftles concept is employed
on the lateral surface of the shell. The simulation findings indicate that the circular vents located on the baffles of
the heat exchanger having a notable influence on both the thermal-hydraulic performance and the exergy analysis.
Furthermore, the findings indicate that the heat exchanger's efficacy is enhanced by 21% when baffles are
incorporated, particularly at high Reynolds numbers, in comparison to a heat exchanger with no baftles. In
addition, the exergy loss reached its maximum value of 48W when baffles were present. In conclusion, it has been
determined that the heat exchanger equipped with baffles exhibits superior hydraulic and thermal efficiency
compared to the heat exchanger with no baffles.
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Introduction

The topic of energy conservation is highly significant in the current century and is expected to be a major concern
in the next years. Technological advancements in cooling and heating procedures for industrial appliances result
in energy conservation, enhanced heat transmission, and prolonged device lifespan. Various types of heat
exchangers (HXs) are employed in many industrial sectors such as the petrochemical industry, chemical and
nuclear reactors, power plants for condensation and boiling, and air-conditioning and refrigeration processes [1].
A "heat exchanger" may be defined as a device that efficiently transfers energy between two fluids, maximizing
the rate of transfer while minimizing operational expenses [1]. Based on the design, the majority of heat
exchangers (HXs) incorporate the tubular form, which is extensively employed in many industries [2]. In this heat
exchanger, a single fluid circulates through the tubes while another fluid flows through the shell around the bundle
of tubes [3]. The classification of tubular heat exchangers includes shell and tube heat exchanger (STHX), double
tube heat exchanger, and coiled tube heat exchanger [4]. The twin tube heat exchanger has exceptional heat
transfer efficiency, particularly when equipped with a straight baffle configuration. Baffles are often positioned
on the fluid side of the shell to enhance the convection coefficient by promoting turbulence. Additionally, these
structures provide physical support for the tubes. Figure 1 [5] depicts a twin tube heat exchanger with baffles,
consisting of two shells.

Several study investigations have been carried out on the circular double tube heat exchanger in recent years.
Pamuk [6] utilized numerical modeling to investigate the impact of baffles on concentric tube heat exchangers.
He evaluated two distinct models: one is a basic HX model with baffles, while the other is an enhanced variant
with three baffles. The numerical findings demonstrated that ANSY'S Fluent provides precise outputs about heat
transfer and hydrodynamics in fluid flow during the process Concentric tube heat exchanger. The velocity,
pressure, and temperature distribution within the oil flow inside the HX were also demonstrated. Etghani and
Baboli [7] conducted a numerical study and optimization to assess the thermal conditions and exergy loss of a
shell with a helical tube heat exchanger. Their work suggested a model with laminar flow in three dimensions. An
examination was conducted on the impacts of four parameters: tube diameter, pitch coil, cold flow rate, and hot
flow rate. The researchers concluded that the cold flow rate and tube width were the primary factors affecting
exergy loss and heat transfer. In their study, Fahad et al. [8] utilized numerical modeling to accurately ascertain
the thermal characteristics of a STHX (Shell and Tube Heat Exchanger) equipped with baffles, operating under
laminar flow conditions. The researchers investigated the impact of several angles of tube baffles (-45°, 0°, and
45°) on the efficiency of the heat exchanger. Based on their investigation, they noted that the use of baffles set at
a 45° angle enhances the rate of heat transfer at high Reynolds numbers. Zhou et al. [9] conducted a numerical
analysis to examine the heat transfer and pressure drop properties of forced convection in the STHX with trefoil-
hole baffles. Their findings demonstrated that the fluid flow reached a fully evolved state after passing through
the first hole’s baffle. Additionally, it was discovered that the heat transfer coefficient and pressure drop exhibited
periodic variations throughout the axial length. Teja and Narasimha Rao [10] created a three-dimensional
numerical model for a heat exchanger (HX) that includes hexagonal vent baffles. The researchers investigated the
enhancement of heat transfer by computational fluid dynamics (CFD) simulation in the presence of turbulent flow.
The results indicated that the coefficient of heat transmission was consistently greater for hexagonal vent baffles,
independent of the placement of the hexagonal vents on different tubes. Santhisree et al. [11] provided an analysis
of the thermal and hydraulic efficiency of a heat exchanger with 4 baffles and 22 tubes. The temperature analysis
was simulated using CFD software. In addition, the velocity, temperature, and pressure counters were
implemented. In their study, Sadikin et al. [12] examined the impact of the number of baffles and the space
between them.

Their numerical study was conducted using computational fluid dynamics (CFD) simulation for a three-
dimensional (3D) model. The findings indicated that both the quantity and arrangement of baffles in the heat
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exchanger (HX) have a significant impact on the pressure drop and flow pattern. The authors dos Santos Filho et
al. [13] presented a mathematical model for STHX.
Figure 1. Two shell passes and double tube heat exchanger with baffles [5]

The baffles affect the pressure drop and flow in the STHX. Their numerical study was conducted using
computational fluid dynamics (CFD) simulation for a three-dimensional (3D) model. They observed through
simulation that the effectiveness of thermal exchange increased with presence of baffles. Also, they presented the
counters of fluid behaviors. Yang and Liu [14] introduced numerical and experimental report to reveal the
properties of flow and heat transfer of STHX. They used in their numerical simulation of HX with plate and rod
baffles. The results measured of their experiments and simulation analysis showed that, the Nusselt number for
the HX with plate baffles was around 128-139% of that for the HX with rod baffles. Kirin¢i¢ et al. [15] presented
a numerical and experimental study of a small size STHX with segmental baffles. They considered a 3D model
with laminar flow and steady state. Hence, they found a very well agreement between experimental
investigation and the numerical modelling of the heat transfer problem.

The objective of this study is to replicate the thermal characteristics and conduct an exergy analysis of a three-
dimensional model in a shell and double tube heat exchanger, both with and without baffles. This type comprises
a single pass of the shell, equipped with circular vents and baffles, and four passes of tubes. The objective is to
enhance the surface area available for heat transfer. The numerical computation involves solving the governing
equations using the steady state, incompressible, and (k-£) model.

Mathematical Modelling

Geometrical model descriptions

Table 1. Dimensions of heat exchanger

Description Size
Shell diameter 24 mm
Inlet and outlet diameter of shell 3 mm
Tube internal dimeter 2 mm
Tube external dimeter 2.2 mm
Tube thickness, ¢ 0.1 mm
Total tube length 200 mm
Heat exchanger length, L 52 mm
Number of baffles 2
Baffle spacing 26 mm
Baffles thickness 0.3 mm
Diameter of vent circle 3 mm
Baffle inclination 0°
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Figure 2. Three-dimensional diagram for heat exchanger: (a)without baffles, (b) with baftles

The geometry (3D) of the numerical simulation is presentedin Figure 2 which represents the shell and double tube
HX without and with baffles respectively. It consists of one pass atthe shell and four passes of tube. The dimensions
details of theheat exchanger are listed in Table 1. Generally, cold water flows through the double tube and is heated
by a cross-parallelflow of hot water passing in the shell. Two baffles with circularvents are used at a fixed angle
around the shell diameter to promote heat transfer. To simplify computation domain, several basic assumptions
are made:
Heat transfer and fluid flow were in three-dimensional andsteady state.
The fluid flow for tube and shell sides was turbulent andincompressible.
The thermo and physical properties of fluids were independent of temperature.
Gravity effect was negligible.
Baffles and tube wall separating between hot and cold fluids were considered Aluminium walls.
Governing Equations
Depending on the above assumptions, the governing equations for turbulent flow (k-g) model and steady state
heat transfer problem can be presented below in cartesian coordinate system [16]:
(D). Continuity Equation
ay;

=0
axj
(II).  Momentum Equation

«)(_zqu!) __1 .i

l
()x,- p dx p Ox

du‘ du
Iue’ff( -(Tr‘:-)

(IIT).  Energy Equation

J((,'puj'l') 0 I ( (7'1")
dx; T ax; eff ax;
where, P, T and u refer to fluid pressure, temperature and velocity respectively; Cp and p stand for specific heat
Constant pressure and density of fluid respectively; L is the effective dynamic viscosity and can be calculated
by the sum the dynamic viscosity of laminar and turbulent:

Hefr = My + Uy
The effective thermal conductivity, Aerr equal to:

Aeff = Al + A[Cp/Prt

where, Prirefer to turbulent Prandtl number, A and A; are the laminar and turbulent conductivity.

The model of standard k-¢ turbulence is considered with standard wall function for the present computation. The
transport equations of kinetic energy of the turbulence and its dissipation rate are as follow:

The turbulence kinetic energy k:

M_}_.i( _)_ Sk
ox;j _p dx;j Ht dx +

The rate of dissipation of the turbulence kinetic energy e:

g1, 0 e n
dx; [(#[ +a£) i pk Gk CZE k

axj p oxj
where,
A Kk? = ou; u;
#e = pCu—; Gy = 24, Eyj - Eyj; Eyj (axl +ax,)

The constant for the current turbulent model is set as below:

C, = 0.09; Cye = 1.44; Cye = 1.92; 0 = 1.0; 0, = 1.3
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Boundary Conditions
The boundary conditions for modelling are shown in Figure 2. Generally, there are two inlets and two outlets in
shell and double tube HX. The inlets are defined as velocity with temperature and outlets are defined as pressure
outlets. Different Reynolds numbers ranging from 4000 to 12000 are used for cold and hot water at inlet region.
Inlet temperature of tube and shell are adopted at 300 K and 360K respectively. The shell walls are considered as
insulated. The baffles and tube wall separating between hot and cold fluids are considered as domain interface
wall. The boundary conditions for the numerical calculation are set below:
Various inlet conditions for the problem are-
u= Uin, v=w=0, T = Ty, for tube side
V="vin, u=w =0, T = T for shell side
Various outlet conditions for the problem are as follows-

dou _dv _ow _ , dT

ax ox ax  ox

for tube side

dk de

—=—aqand P,,;, =

ax  Ox and out = 0

du _ dv _ ow __ ar

ay = ay . ady N dy .

ok _ e for shell side
£

ay ay d Poul =0

Walls are of two types in the current problem- external & internal walls. Boundary conditions for external walls
are as follows-

u=v=w=0&T=3aT=3T=(
ox Ody 0z

Walls of tubes, interfaces of fluid & solid which are assumed to be of no-slip condition & having conjugate heat

transfer in-between ‘,ﬂlem havaerfollowmg boundary conditions-
u=v=w=0& A * =-As
9y dy
Baffles, interfaces of fluid & solid which are assumed to be of no-slip condition & having conjugate heat transfer

in-between them hagjc follow&ng boundary conditions-

u=v=w=0& A £ =-A,.
ox ox

where, f=fluid (water) and s=solid (Aluminium walls)

Mesh & Computational Model

A 3D model of a heat exchanger and grids was created using ANSYS Workbench. A high-quality tetrahedral and
hexahedral mesh was utilized in the modeling, as seen in Figure 3. The meshes consist of 936,375 elements for
the heat exchanger without baffles, and 964,776 elements with baffles. The governing equations were solved using
the FLUENT code, which is based on the finite volume approach and the SIMPLE algorithm. The energy,
momentum, kinetic energy of turbulence, and dissipation rate were approximated using the first-order upwind
scheme. However, the pressure term was handled using the more accurate second-order upwind method.

The convergence criteria for all variables were set at 107, The relaxation factors for the energy equation,
momentum equations, kinetic energy of turbulence, pressure correction equation, and turbulence dissipation rate
were assigned the values of 1, 0.5, 0.8, 0.3, and 0.8, respectively.
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Figure 3. Meshing of the physical model: (a) heat exchanger without baffles, (b) partial meshes of baffles and
tube

Methodology for Exergy

The exergy of a system is defined as the highest amount of useful work that may be extracted from the system
when it reaches equilibrium with its surroundings. The shaft work of the HX is negligible, hence the exergy is
obtained from the same flowing fluids and is defined by the exergy balance.

The exergy loss for a stable control volume may be computed using the relationship provided in reference [7].
Exioss= To[m'c Cpcln(Tc,out/Tc,in) + m'r Corln(Thout/Thin)]

The exergy efficiency is calculated by dividing the change in availability of the cold stream by the change in
availability of the hot stream.

= m"w(Pwo= Yo
1y (Phi—%h,o)
Where,

mc(lpc,o - lPc,i) = mc[(hc,o - hc,i)'To(Sc,o - Sc,i)]

M (Phi — Pho) = min[(hn,i — hio)-To(Shi — Sho)]

In which, mc and mh refer to mass flow rate of cold and hot respectively; (o — ;i) is the availability change
between the outlet cold and inlet cold; (¥, — Pn0) is the availability change between inlet hot and outlet hot; h and
s stand for enthalpy and entropy respectively and To is environment temperature.

Results & Discussion

Grid independent study

To obtain accurate results with good grid, three different grid sizes are tested and shown in Table 2. The illustrates
the results of grid independent for the outlet temperature of the shell side with Reynolds number of tube side for
heat exchanger without and with baffles as seen in Figure 4. It can be noted from figure that, there is no significant
change on the results when the grid sizes increase and only the operation time increases. Therefore, a grid
containing 936375 cells and 964776 cells are employed in this study for heat exchanger without and with baffles
respectively.

Characterization of thermal and hydraulic behaviors

Figure 5 shows 2D temperature distribution contours at a longitudinal central plane of a complete heat exchanger
unit (shell and double tube) at (x-y) plane. It is noticed that, the temperature of hot water on the side of the shell
decreased along the heat exchanger, while the cold-water temperature from the side of the pipe gradually increases
for both heat exchangers. In Figure 5 (b), it can be noted that the temperature difference between the inlets and
outlets of the heat exchanger is high compared to Figure 5 (a). This is due the presence the baffles that generate
the high turbulence swirling leading to increase the heat transfer between two liquids. This means that the hot
water stays longer in the heat exchanger, increasing the time available to heat transfer to the cold water. For these
cases, the tube outlet temperature was increased by about 308 K for without baffles, 312 K for with baffles, while
shell outlet temperature was decreased by about 347 K for without baffles, 340 K for with baffles.

The 3D streamlines plots of hot water flow along the heat exchanger are shown in Figure 6 at Reshell=4000. Figure
6 (a) appears that the most of hot water flows uniformly and longitudinally towards the shell outlet. In Figure 6
(b), the acceleration and expansion of the hot fluid flow across baffles can be observed along the HX. The results
explain that the presence of baffles caused the flow direction varies, which produces multi-directional stream, then
lead to enhancement in the turbulence. This is due to a decrease in the area of flow of the vents on the baffles and
thus leads to a sharp increase in velocity. So, the highest velocity of 0.06 m/s is observed near the circular vents
compared to surface far away from the vents. Since the baffle block, the hot water flow in front of the baffles from
the center to the shell edge and then the hot water flows across the baffles back to the center form the edge, leading
to the production of a secondary flow that promotes the heat transfer of the shell side. Figure 7 shows the effect of
both the baffles and tube Reynolds number on heat exchanger effectiveness which is defined as:

Quwt _ _m’ C,u(lh,;" =Tho)

Qmax  ™M'G) . (Thi—Tewi)

Table 2. Grid independent study

e=

Grid Grid size of heat exchanger withoutbaffles |Grid size of heat exchanger with baffles
Grid | 936375 964776
Grid 11 940772 969171

Grid III 943939 975950
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Figure 4. Grid independence test results for numerical solution of heat exchanger at Reshell=4000: (a) without
baffles, (b) with baffles

It is evident that the HX with baffles exhibits greater effectiveness values compared to the one without baffles.
This is attributed to the circular vents present on the baffles, which induce turbulence and random movement in
the flow field. As a result, heat transfer between fluids is enhanced. The heat exchanger efficacy is around 34 -
45% lower when baffles are present compared to when they are absent. Simultaneously, it is noted that the efficacy
of the system improved as the Reynolds number of the cold water grew, owing to the higher velocity. These results
are consistent with the findings of reference [8].

Figure 8 illustrates the relationship between the pressure drop on the shell side and the shell Reynolds number.
The findings indicate that the HX equipped with baffles exhibits a substantial increase in pressure drop. This
suggests that the baffles serve as both a guiding mechanism and an obstruction to the flow, resulting in an elevation
in the pressure drop. In a heat exchanger without baffles, the fluid flow typically follows a path from the entry to
the exit. Consequently, the only factors contributing to pressure drop are the fluid's movement throughout the pipe
and the friction it experiences along the shell's wall. Consequently, the installation of baffles will impede the
movement of fluids in the intended direction, resulting in an elevation of pressure drop. Furthermore, the pressure
drops in both heat exchangers increases gradually as the shell Reynolds number increases, which is a result of the
increased velocity.

by

Figure 5. Contours of temperature distribution at a longitudinal central plane for heat exchanger at Re=4000: (a)
without baffles, (b) with baffles
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Figure 6. Streamlines plots of hot water flow along heat exchanger at Re=4000: (a) without baffles, (b) with
baffles



568 Shishir Seluker et al.

0.5
With baffles
0.45 -
=« Without baffles pore o
0.4 -
> 0.35
=
Rk
025
0.2
0.1%
2000 4000 6000 8000 10000 12000 14000
R"nlln
Figure 7. Effect of both the baffles and tube Reynolds number on heat exchanger effectiveness
0.17
0.16
0.15 e
0.14 - With baffles
~ o013 - = ==« Without baffles
0.12
0.11
0.1
2000 4000 6000 8000 10000 12000 14000
R'xlul.l
Figure 8. Variation of pressure drop of shell side vs. shell Reynolds number
6
~———— With baffles
5 Without baftles
.
<
H
£3
=
1

2000 4000 6000 s000 10000 12000 L4000

Rega

Figure 9. Variation of shell friction coefficient value on various Reynolds number of the shell

9
s ~ With baffles Baffle 2
" - ===« Without baffles J, J
3 )
3° !
X A
CE)
-
'5 X Baffle 1 [
| R == ‘I
[

0 5 10 15 20 25 30 35 40 45 50 35

Length along beat exchunger (mm)

Figure 10. The effect of both the baffles and tube Reynolds number on average Nu of tube side

f= 2DpAP

pLu2
The graphic demonstrates that the friction coefficient of HX is lower when there are no baffles compared to when
there are baffles present. The results indicated that the coefficient of friction reduced when the shell Reynolds
number increased for both heat exchangers, as a result of the increased velocity. This was consistent with fluid
dynamics, where the friction coefficient exhibited a straight inverse relationship with velocity.
Figure 10 illustrates the impact of both baffles and tube Reynolds number on the average Nusselt number of the
tube side. The average Nu value is determined by numerically integrating the local Nu values along the heat
exchanger (HX) using the trapezoidal method.
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The chart clearly demonstrates that baffles have a significant impact on the average Nusselt number for heat
exchangers. This suggests that the Nusselt number is increased due to vigorous fluid mixing caused by the baffles.
The Nusselt number reaches a maximum value of roughly 5.7 in this particular example. Furthermore, the Nusselt
number exhibits a positive correlation with the Reynolds number of the cold water, since this leads to an increase
in the heat transfer coefficient of the heat exchanger. These results corroborate the findings of Yang and Liu [14].
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Figure 11. Local Nusselt number distribution along flow direction at various shell Reynolds number

The distribution of local Nusselt number along flow direction of shell side for various Reynolds numbers is shown
in Figure 11, which is expressed as:

Nuiocal = hicrp)Dw/Ks

The graphic clearly illustrates that heat exchangers with baffles exhibit greater Nusselt number values. The greatest
value of 7.5 is recorded near the baffle positioned at the heat exchanger outlet. In contrast, heat exchangers without
baffles show a reduction in Nusselt number towards the exit, reaching a constant value.

Figure 12 depicts the relationship between NTU (Number of Transfer Units) and efficacy for a Heat Exchanger
(HX) equipped with baffles. The values of NTU are calculated by:

NTU =_ Uas

@ Cp)min
Where
11 &1
U h k ho
As can be shown, by increasing in the effectiveness, the NTU is also increased. These results are an agreement
with previous results.
It is show that the exergy loss increases as increasing Reynolds number of cold water for both heat exchangers.
The exergy loss of the HX with baffles is larger than that without baffles. The highest value of exergy loss is about
of 42 W for this case. This reason is due to presence of circular holes on the baffles are gives high swirling, which
increase of heat transfer rate. Moreover, the heat transfer rate increases with increased temperature difference
between the inlets and outlets fluids. This parameter plays an important role for exergy loss. These results are an

agreement to Etghani and Baboli [7].
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Figure 12. Variation of exergy loss vs. different tube Reynolds number
Figure 13. Exergy efficiency vs. tube Reynolds numbers

Figure 14 shows the exergy efficiency versus tube Reynolds numbers. The value of exergy efficiency is computed
by Eq. (10). It is appeared that the efficiency of each HX is decreased with increasing tube Reynolds numbers due
to increased temperature difference between inlet and outlet fluids leading to reduced entropy. This result is an
agreement well with Bashtani and Esfahani [17].

Conclusions

We are now doing research on the thermal behavior and exergy analysis of the shell and double tube heat
exchanger, which plays a crucial role in many energy conversion processes. The ANSYS (Fluent) program was
used to generate a three-dimensional model of the shell and double tube heat exchanger, both with and without

02
0.18 With baffles
Without baffles
0.16
e
=014
=
0.12
0.1
0.08
2000 4000 6000 B0O0D0 10000 12000 1400

Reéu
circular vent baffles. The primary findings may be succinctly described as follows:
e The presence of baffles in the HX significantly enhances its efficacy by approximately 17% at high Reynolds
numbers compared to when baffles are not present.
o The findings demonstrated that the heat exchanger (HX) equipped with baffles attained the maximum Nusselt
number and pressure drop in relation to the Reynolds number.
e The inclusion of baffles in the HX results in higher levels of loss and exergy efficiency compared to when
baffles are not present.
Ultimately, it was determined that the HX with baffles exhibits superior thermal and hydraulic performance
compared to the one without baffles. This is due to the design's ability to augment the surface area and prolong the
fluid's residence time, resulting in greater heat transfer. Furthermore, the ANSY'S Fluent software was essential in
forecasting the thermal and hydraulic characteristics of the twin tube heat exchanger.
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