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Abstract- Shell and Tube heat exchangers are having special importance in boilers, oil coolers, condensers, pre-

heaters. They are also widely used in process applications as well as the refrigeration and air conditioning
industry. The robustness and medium weighted shape of Shell and Tube heat exchangers make them well
suited for high pressure operations. The basic configuration of shell and tube heat exchangers, the thermal
analysis and design of such exchangers form an included part of the mechanical, thermal, chemical

engineering scholars for their curriculum and research activity.
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I. INTRODUCTION

Heat exchangers are also used to transfer heat
between two fluids that would be at various
temperatures along a solid surface. The
nonlinear dynamics of this process, notably the
varying steady-state gain or time constant them
with process fluid [1], make it complicated.

The shell-and-tube heat exchanger is the most
popular form of heat exchanger, with uses in
refrigeration, power production, heating, air
conditioning, chemical processes,
manufacturing, and medicine [2]. It really is
made up of a bundle of tubes contained in a
cylindrical shell, including one fluid flowing thru
the tube and another running between both the
tubes as well as the shell. A heat exchanger may
be defined as a device that transmits thermal
energy between two or more fluids of varying
temperatures. Several industrial processes
would indeed be impossible to complete
without this equipment. Refrigeration, air
conditioning, and chemical plants all use heat
exchangers. It's utilised for a variety of things,
including transferring heat from a hot to a cold
fluid. They're commonly employed in a variety
of industrial settings. Researchers had worked

The velocity and temperature contour fields
upon that shell side, on the other hand, are
much more complicated, and their performance
is influenced by baffle elements such as their
arrangement the spacing scheme.

Round tubes were put in cylindrical shells
having their axes aligned with the shell axis to
create this. Shell side refers to the region
surrounding the tubes, whereas tube side refers
to the inside tubes. The primary function of
baffles would be to produce turbulence, which
increases the convective heat transfer coefficient
of the shell side fluid.

The following methods are used to evaluate the
performance of the heat exchanger: I Outlet
temperature of the hot stream (Tho) profile, ii)
Approach temperature (Tho - Tci) profile, iii) Log
Mean Temperature Difference (LMTD) with time,
iv) Heat load profile, and v) Time series of
overall heat transfer coefficient. The first four
approaches are commonly utilised, however
they are poor at distinguishing the net effect of
fouling of process disturbances.

The total heat transfer coefficient technique, on
the other hand, necessitates comprehensive
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computations and knowledge of the exchanger
shape [3]. Fouling causes the heat exchanger's
performance to decrease over time. It tends to
rise with time, with a particularly site-specific
trajectory. As both a result, a predictive model
of evaluating heat exchanger performance is
required.

II. RESEARCH METHODOLOGY

The design and prediction of heat exchanger
behaviour are too complicated to
mathematically mode land solve using analytical
solution. Closed form solutions are available
only in situations where the model has several
simplifying  assumptions  (Gvozdenac and
Mitrovic, 2012). Heat exchanger design based
on these assumptions has errors that make the
prediction of thermal behavior challenging. The
design challenges are multiple objectives with
several constraints to be fulfilled simultaneously.

In this study shell and tube heat exchanger with
10 different baffles are placed along the shell in
alternating orientations with cut facing up, cut
facing down, etc.,, in order to create flow paths
across tube bundle. The geometric modelling is
done using CAD software called CATIA V5R21
because it is easy to model Heat exchanger in
3D modelling software.

A STHX with different baffle geometries is
designed [15, 16, and 17] to study the effects of
variations in baffle geometry. A water-water
shell and tube heat exchanger is designed
considering the data in the following table 1.

Table 1. Dimensions of the shell side and tube
side of the heat exchanger.

Specification Dimensions
Length of heat 610 mm
exchanger, L
Shell outer diameter, 160 mm
DS
Tube length, | 610 mm
Tube outer diameter,
do 16 mm

No. of tubes, Nt 21
Baffle spacing, ABt 100 mm
Baffles thickness, t 25 mm

No. of baffles Nb 10

1. Geometry Modeling:

First the geometry of the model is created in
CATIA V5R21. The model is saved in IGS. format.
The external geometry file is imported in the
design modeller of the ANSYS fluent. The
geometry has totally 22 parts. One shell and 21
tubes bundle.

Fig 1. Geometry of the model.

III. RESULTS AND DISCUSSION

1. Pressure Variations with Single Segmental
Baffle Configurations in STHX:

In order to better explain this situation, it must
be noted that lower mean velocity gives lower
velocity gradient among the fluids and channel
walls, which in turn reduces the wall shear stress.
The reduced friction results in lower pressure
difference required to move the fluid along the
channels, which is indicated by the pressure
drop values.

Pressure drop is depends on many factors such
as viscosity, geometry etc. In segmental heat
exchanger fluid is settled in between the baffle,
so pressure drop is increased. Pressure
Distribution across the shell and tube heat
exchanger is given below in Fig. 2. Pressures
vary largely from inlet to outlet. The contours of
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static pressure are shown in the entire figure to
give a detail idea.

Fig 2. Pressure variations in STHX with single
segmental baffles.

2. Velocity Variations:

From figure 3, it is inferred that single
segmental baffles enhance the heat transfer as
they guide the shell side fluid to flow in a zigzag
pattern between the tube bundle, which
enhances the turbulence intensity and the local
mixing. However, the single segmental baffles
have some inherent defects since the structure
limitations, such as fouling in the stagnation
zone near the shell wall and the rear of baffle
plates, significant bypass streams and leakage
streams due to manufacturing tolerances and
short operational lifetime as a result of flow
induced tube vibration.

Fig 3. Velocity variations in STHX with single
segmental baffles.
IV. CONCLUSIONS

CFD simulation studies on Shell and Tube Heat
Exchanger has been carried with single, flower
‘A" type, and flower ‘B’ type baffle
configurations.

The following are the conclusions arrived from

these simulation studies:

e Single Segmental Baffles provide good heat
transfer coefficient but with large pressure drop
and thus consume large pumping power.

e Flower Baffles are the most effective baffles as they
reduce the pressure drop by 46 % - 51 % while the
heat transfer coefficient is lowered to 13 % -21 %
of that produced with single segmental baffles.

e The slope of the curves is generally found to
decrease with increase in shell side mass flow rate.
Single segmental baffles show the highest heat
transfer coefficient while ‘A" and ‘B’ baffles show
slowest heat transfer coefficient.

e ‘B’ Baffles are more effective than ‘A’ Baffles as
they reduce the Pressure Drop to the same extent
as that of ‘A’ baffles but with a better thermal
performance associated.
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