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Abstract— A Shell and tube heat exchangers are widely used heat exchanger in many engineering process such as food
industry, oil & petrochemical application, pharmaceutical, electric power generation etc. The multi-purpose services and
application possibilities provided by the shell and tube heat exchanger make this device an essential component which
plays a fundamental role in the industrial process. The main components of Shell and tube heat exchangers are Shell,
Tubes, Tubesheet, Baffles etc, with passing of time there are changes done in the design of shell and tube heat exchangers.
The purpose of this research is to study about changing arrangement of baffle analyse reducing the shell side pressure
drop and increase the heat transfer rate. Improve the performance of shell and tube heat exchanger with suitable baffle
spacing and baffle orientation angles (45°., 60°, 90°, 120°, 150° and 180°) and baffle inclination angle (10°,20°,30°,40° and
45°). This modification in baffle arrangement will be able to create more turbulence in shell side flow and improve the
performance of shell and tube heat exchanger with suitable baffle spacing and angular arrangement of baffle angle

Index Terms— Shell and tube heat exchanger, Segmental baffle, Baffle arrangement, Computational fluid dynamics, heat
transfer, pressure drop.

l. INTRODUCTION

Heat exchanger is device that transferring heat from one medium to another. There is a wide variety of heat exchangers for
diverse kinds of uses, hence the construction also would differ widely.

Boilers and condensers are included in the large industrial heat exchangers in thermal power plants. The radiators and oil coolers
are the form of heat exchangers in the vehicles. These heat exchangers are most abundant in all process industries and chemical
industries. There are wide varieties of heat exchangers that are used for diverse purposes where the construction also differs
widely. The heat exchangers can be classified into different types based on few fundamental concepts.

Il. SHELL AND TUBE HEAT EXCHANGER

A shell and tube heat exchanger is a class of heat exchanger designs. It is the most common type of heat exchanger used in oil
refineries and other large chemical processes, It suited for higher-pressure applications. As its name implies, this type of heat
exchanger consists of a shell (a large pressure vessel) with a bundle of tubes inside it. One fluid runs through the tubes, and
another fluid flows over the tubes (through the shell) to transfer heat between the two fluids. The set of tubes is called a tube
bundle, apart from Tube and shell baffles are important part in design of Shell and tube heat exchanger.
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Fig.1. — Shell and tube heat exchanger
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I11. BENEFITS OF SHELL AND TUBE HEAT EXCHANGER

Shell and tube heat exchanger are most commonly used in basic heat exchanger in the process industries, the reason for this
general acceptance are, this exchanger provides a comparatively larger ratio of heat exchanger area to volume and weight, Its
provides this surface in a form which is relatively easy to construct in a wide range of sizes. Cleaning is easy in shell and tube
heat exchanger. For STHE Failure component are easily replaced and for construction and design there component are easily
available anywhere in world.

IV. COMPONENTS OF STHE.

It is essential for the designer to have a good working knowledge of the mechanical features of STHEs and how they influence
thermal design, the principal components of an STHE are: Shell, shell cover, Tubes, Tubesheets, Baffles, and nozzles, other
components include tie-rods and Spacers, Pass partition plates, longitudinal baffle, sealing strips, supports, and foundation The
shell and tube exchanger consists of four major parts:

Front header: The fluid enters the tube side of exchanger called front header.

Rear header: Where the tube side flow leaves the exchanger called the rear header.

Tube bundle: Bunch of tube called tube bundle .Tubes, Tube sheets, baffle and tie-rods to hold the together by the tube bundle.
Tie-rod: To handle the baffle assembly together and maintain the selected baffle spacing, tie rods and spacers are made use of.
The tie rods are secured at one end to the tube sheet. Secured at one end to tube sheet tie-rod are used.

Baffle: Baffle are used to direct the flow and support the tube bundle. Baffles being an integral part of STHE provide support to
the tube bundles especially when the length of the heat exchanger is too long, It maintain desirable velocity & path for the shell
side fluid flow, Baffle create turbulence and resist tube vibration to enhance the fluid velocity as well as the heat transfer
coefficient.

1. Baffle Shape: Baffle space is one of the prominent factor in the design of shell and tube heat exchanger, it affect the
performance of shell and tube heat exchanger, trisection, quadrant, helical are the different types of baffles, the single
and double segmental baffles are most frequently used as they divert the flow most effectively across the tubes.

2. Baffle Spacing: Baffle spacing also affects the performance of shell and tube heat exchanger, increasing the baffle space
at same mass flow rate reduces heat transfer co-efficient while increasing the baffle space at same pressure drop
increases heat transfer co-efficient, longer baffle spacing give lower pressure drop also reduces power consumption.

3. Baffle cut: Baffle cut can vary between 15% and 45% of the shell inside diameter; both very small and very large baffle
cuts are detrimental to efficient heat transfer on the shell side due to large deviation from an ideal situation

V. LITERATURE REVIEW

Ender Ozden.et.al. [1] The most commonly used correlation based approaches for designing the shell side are the Kern method
and the Bell-Delaware method.They have take the baffle number between 6 and 12, and the baffle cut values of 36% and 25%,
for 0.5, 1 and 2 kg/s shell side flow rates, the simulation results are compared with the results from the Kern and Bell-Delaware
methods. The Bell-Delaware method shows a better agreement with the CFD results in the overall heat transfer coefficient
calculation

Srikanth Ganne.et.al [2] They have investigate the impacts of various baffle inclination angles on fluid flow and the heat
transfer characteristics of a shell-and-tube heat exchanger for three different baffle inclination angles namely 0°, 10°, and 20. The
pressure drop is decreased by 4%, for heat exchanger with 10° baffle inclination angle and by 16 %, for heat exchanger with 20°
baffle inclination angle. Shell and tube heat exchanger with 20° baffle inclination angle results is better performance compared to
10° and 0° inclination angles

Nikhil P. Talwekar.et.al [3] CFD analysis is carried on single pass, counter flow shell and tube heat exchanger containing
Baffles at 0°,15°,30°, 45° inclination angle. The shell-side pressure drop is decreased with increase in baffle inclination angle
from 0° to 45°.The baffle inclination angle more turbulence will be created across the shell side, because of this heat transfer
coefficient is increases

H. Li, V. Kottke. et.al [4] Flower ‘A’ or flower ‘B’ baffles the angle of turn of the stream lines are reduced and hence the
pressure drop is minimum. Flower Baffles are the most effective baffles as they reduce the pressure Drop by 25 - 35% Flower ‘B’
Baffles are more effective than Flower ‘A’ Baffles as they reduce the Pressure Drop to the same extent as that of Flower ‘A’
baffles but with a better thermal performance associated.

M. Vivekenand.et.al [5] Twisted elliptical tube with different structural parameter_experimental investigated. They have found
that the TETs can heat transfer augmentation and also pressure drop inside tube. Larger tube aspect ratio and small twist pitch
result in high heat transfer

Mahmoud Galal Yehia.et.al [6] The effect of friction characteristics of the heat exchanger model when using different number of
swirl vanes at different locations along the pipe length to enhance the heat transfer rate. The number of swirl vanes inserted into
each tube is three swirl vanes and six swirl vanes distributed along the pipe length with variable diameter (10 mm, 15 mm, 19 mm)
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and different blade angle (15°, 30°, 45°) for each case. The case of six swirl vanes with 19 mm diameter and 45° blade angle gives
the maximum heat transfer enhancement.

VI. DATA COLLECTION

An attempt is made in the paper to design and perform the analysis of Shell and tube heat exchanger. The model is created by using
SOLIDWORKS 2017. By applying boundary conditions, CFD analysis is carried out in ANSYS 18.2 .

Design data which is used for the design of STHE is tabulated below.

Table 1 Geometrical Dimensions for STHE [7]

Shell size, Ds 135mm

Tube outer diameter, do 120mm

Tube bundle geometry and pitch 30mm, square
Numbers of tubes, Nt 9

Heat exchanger length, L 640mm

Shell side inlet temperature, T 353.15K
Baffle cut, Bc 38%

Central baffle spacing,B 74,100mm
Number of baffles, Nb 8,6

For CFD analysis the boundary conditions are given to both fluids which are tabulated below. Throughout project the boundary
conditions are taken same. For both part water is used as working fluid.

Table 2 Boundary Conditions

Model k-e (Turbulent-Model)
Solver Steady state , First order
Formulation Implicit
Buoyancy Model Non Buoyant
Morphology Continuous Fluid
Domain Shell steel Shell fluid-water Tube steel Tube fluid-water
Boundary Shell side Tube side
Conditions
Inlet outlet Inlet Outlet
Mass flow rate 2 Kg/s 0 Pa Mass flow rate 2 Kg/s 0 Pa
Case:1 Temperature 353.15K Temperature 293.15K

VIl. MODELING

Fig.2 STHE with baffle orientation angles (180°) and baffle inclination angle (10°).
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Fig. 4 STHE with baffle orientation angles (180°) and baffle inclination angle (30°).

Fig. 8 STHE with baffle orientation angles (60°) and baffle inclination angle (10)
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Fig. 9 STHE with baffle orientation angles (45°) and baffle inclination angle (10)
VII. RESULTS

¢ Results obtained for baffle orientation angle

The results are obtained from analysis as shown below, it is observed from analysis that with increasing of baffle orientation angle
pressure drop is decrease and heat transfer coefficient increase.
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Fig.10 Pressure Contour for STHE with baffle orientation angles (180°)

Table 1 Results Obtained from baffle orientation angle

Orientation Mass flow Heat transfer
Angle Rate Coefficient
6 8
180° 2 6582.81 7485.67
120° 2 6284.32 6416.05
90° 2 5971.15 6116.63
60° 2 5476.18 5535.96
45° 2 5529.04 5384.15

¢ Results obtained for baffle Inclination angle.
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Fig.11 Pressure Contour for STHE with baffle inclination angle (0°)

The results are obtained from analysis as shown below, it is observed from analysis that with increasing of baffle inclination
angle, pressure drop is decrease and heat transfer coefficient increase It is observed from analysis that increasing of baffle
inclination angle, heat transfer co-efficient is increasing and pressure drop decrease.
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Table 2 Results Obtained from baffle inclination angle

Inclination Mass flow Shell side Heat transfer
Angle Rate Pressure drop Coefficient

6 8 6 8
0° 2 35238.74 38143.53 6582.81 7485.67
10° 2 35624.12 38357.06 6708.76 7794.54
20° 2 35611.58 37283.23 6821.81 7540.48
30° 2 35609.24 36768.56 7116.92 7726.12
40° 2 34586.19 36015.54 7260.46 7806.91

e 4.6.3 Results obtained for baffle orientation angle with inclination angle

Table 3 Results Obtained from baffle orientation with inclination angle

orientation inclination shell side heat transfer
angle angle pressure drop coefficient
6 8 6 8
180° 0° 35638.74 | 39143.53 | 6582.81 | 7485.67
10° 35624.12 | 38357.06 | 6708.76 | 7794.54
20° 35611.58 | 37283.23 | 6821.81 | 7540.48
30° 35609.24 | 36768.56 | 7116.92 | 7726.12
40° 34586.19 | 36015.54 | 7260.46 | 7806.91
120° 0° 35460.41 | 35929.828 | 6284.32 | 6416.05
10° 35365.74 | 35555.46 | 6489.61 | 6916.36
20° 35279.53 | 35460.24 | 6841.44 | 7200.58
30° 35255.46 | 35097.79 6886.1 | 7415.54
40° 34753.13 | 34693.57 | 7200.58 | 7562.07
90° 0° 35331.41 | 36147.58 | 5971.15 | 6116.63
10° 35053.46 | 35888.78 | 6232.54 | 6375.77
20° 34896.88 | 35594.32 | 6449.31 | 6721.36
30° 34781.96 | 35565.47 | 6453.09 | 6975.16
40° 34608.1 34352.38 | 6688.63 | 7194.59
60° 0° 35693.76 | 39892.43 | 5476.18 | 5535.96
10° 35522.83 | 39435.26 | 5735.96 | 5635.96
20° 35325.25 | 38325.36 | 5828.06 | 5938.22
30° 35822.36 | 37423.03 | 6004.17 | 6233.12
40° 32223.04 | 35273.53 | 6051.78 | 6151.78
45° 0° 35905.45 | 36256.99 | 5529.04 | 5384.15
10° 35143.69 | 35830.665 | 5642.79 | 5576.82
20° 34977.72 | 35693.073 | 5685.76 | 5757.08
30° 35434.78 | 35497.984 | 5751.87 | 5931.56
40° 34971.43 | 35203.234 | 5772.31 | 6038.09

The results are observed from analysis that with increasing of baffle orientation angle pressure drop is decrease and heat transfer
coefficient increase and The results are observed from analysis that with increasing of baffle inclination angle, pressure drop is
decrease and heat transfer coefficient increase.
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Fig.12 Compare CFD Result of ( 6 Baffle Inclination & 25°Orientation angle)

The best orientation angle with inclination angle is 180 orientation with 40 inclination angle. The case of 8 and 6 baffles
inclined by 40° and orientation 180° angle assured the highest heat transfer rate. This configuration is found to be the best one
through our investigations and it is recommended to enhance the thermal performances of shell and-tube heat exchangers

VIIL. CONCLUSION

Changing baffle arrangement in segmental baffle, which has an effective effect on pressure drop and Heat transfer Co-efficient is
analysed during the study of baffle, generally segmental baffles are used in today’s industry because of its easy fabrication
process and convenience in installation.

Introducing baffle with appropriate orientation angles (45°, 60°, 90°, 120°, 150° and 180°) and baffle inclination angle
(10°,20°,30°,40° and 45°) and result are compared with segmental baffle and along with segmental baffle orientation with
inclination angle. Result are the best orientation angle with inclination angle are shown below.

Results from analysis that increasing of baffle orientation angle and increasing of baffle inclination angle heat transfer co-
efficient is increasing and pressure drop decrease. The best orientation angle with inclination angle is 180 orientation with 40
inclination angle. The case of 8 and 6 baffles inclined by 40° and orientation 180° angle assured the highest heat transfer rate.
This configuration is found to be the best one through our investigations and it is recommended to enhance the thermal
performances of shell and-tube heat exchangers.

REFERENCES

[1] Ender Ozden “Shell side CFD analysis of a small shell-and-tube heat exchanger” Energy Conversion and Management 51
(2010) 1004-1014.

[2] Durgesh Bhatt “Shell and Tube Heat Exchanger Performance Analysis” International Journal of Science and Research
(IJSR) ISSN (Online): 2319-7064 (2012).

[3] Srikanth GANNE “shell side numerical analysis of a shell and tube heat exchanger considering the effects of baffle
inclination angle on fluid flow” Shell Side Numerical Analysis of a Shell and Tube Heat ... THERMAL SCIENCE: Year
2012, Vol. 16, No. 4, pp. 1165-1174.

[4] Nikhil P.Talwekar “Analysis and Experimentation of Shell and Tube Heat Exchanger with Different Orientation of
Baffles” International Journal for Research in Applied Science & Engineering Technology (IJRASET) Volume 4 Issue
VI, June 2016 ISSN: 2321-9653.

[5] H.Li, V.Kottke “Analysis of local shell side heat and mass transfer in the shell-and-tube heat exchanger with disc-and
doughnut baffles” International journal of heat and mass transfer 42 (1999) 3509-3521.

[6] M. Vivekenandan “CFD simulation study of shell and tube heat exchangers with different baffle segment configurations”
Applied Thermal Engineering (2016).

[JRTI1804028 International Journal for Research Trends and Innovation (www.ijrti.org



