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Abstract: Heat exchangers are devices that facilitate the exchange of heat between two fluids that are at different
temperatures while keeping them from mixing with each other. Heat exchangers are commonly used in practice in a wide
range of applications. Here, the flow and thermal performance of the shell-and-tube heat exchanger was studied using
experimental and CFD simulation methods. The primary objective for this research work was to extract the heat from a
hot water supply that varied from 2 liters/min to 8 liters/min at 70 C to the cold water on the shell side of 4 l/min with
inlet temperature of 30 C. In order to optimize the heat extraction process, various optimizations techniques such as
inclusions of fins at tubes, shell inner surfaces along with helical baffles were investigated as part of this research work.
While investigating the heat exchanger optimization, attaching the fins (turbulators) on the tube outside had no major
impact on the heat transfer performance. When the fin heights were increased from 1 mm to 4 mm, there wasn’t much
change in temperature drop as compared to the Base Model. Fin shapes – circular and square – along with the number
of fins were varied during the optimization study. It was observed that the impact of these geometrical changes over the
heat exchanger performance improvement were minimal. In the final phase of this research work, a comparison between
the segmental baffles with helical baffles was conducted. Three helix angle 0°, 10° and 20° was studied. The results
indicated that heat exchanger with helix angle of 10° provided better performance as compared to the remaining
configurations.
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I. INTRODUCTION
Heat exchangers are one of the most widely used equipment in the process industries. Heat exchangers are
used to transfer heat between two process streams. One can realize their usage that any process which involve
heating, cooling, condensation, boiling, or evaporation will require a heat exchanger for this purpose. Process
fluids, usually are heated or cooled before the process or undergo a phase change. Performance and efficiency
of heat exchangers are measured through the amount of heat transfer using least area of heat transfer and
outlet temperature. Usually there is lots of literature and theories to design a heat exchanger according to
requirement.

II. WORKING PRINCIPLE
Shell and Tube Heat Exchangers are one of the most popular types of exchanger due to the flexibility the
designer has to allow for a wide range of pressures and temperatures. A shell and tube heat exchanger consists
of number of tubes in cylindrical shell. Two fluids can exchange heat, one fluid flows over the outside of the
tubes while the second fluid flows through the tubes. The fluids can be single or two phase and can flow in a
parallel or a cross/counter flow arrangement. Shell and tube type heat exchanger, indirect contact type heat
exchanger. For this particular study shell is considered, which generally one pass shell.
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A shell is the most commonly used due to its low cost and simplicity. Baffles are used to support the tubes for
structural rigidity, preventing the tube vibration and to divert the flow across the bundle to obtain higher heat
transfer coefficient. Baffle spacing (B) is the center line distance between two adjacent baffles. In order to
improve the thermal performance at a reasonable cost of shell and tube heat exchanger, tubes in the present
study are provided with corrugation instead of using plane tubes. Heat exchanger is one of devices that are
convenient in industrial and household application. These include power production, chemical industries, food
industries, electronics, environmental engineering, manufacturing industry, and many others. Computational
fluid dynamic is now an established industrial design tool, offering obvious advantages. In this study, CFD
model of shell and tube heat exchanger is considered. By modeling the geometry as accurately as possible, the
flow structure and the temperature distribution inside the shell are obtained [1]

Figure2.1 Shell and tube heat exchanger [8]

III. PROBLEM STATEMENT

There have been various research on shell and tube heat exchangers for optimizing its performance using
various methods such as baffle design, vortex generators etc. A detailed literature survey on the latest
developments on shell and tube heat exchanger had been published by the author. In this research work, two
major heat exchanger optimization technique was considered – Turbulators and Baffle design. The following
parameters for the turbulators had been analyzed.
 Location of turbulators
o Turbulators on Tube Outer Surface
o Turbulators on Shell Inner Surface
o Turbulators on the Tube Inner Side
 Thickness of turbulators
o Turbulators height was varied as 1 mm, 2 mm, 3 mm and 4 mm
 Number of turbulators
o Single row, Double row and Triple row of turbulators

For the baffles, the results from heat exchangers with segmental baffle were compared with the helix baffles.
 Segmental Baffle
 Helix Baffle (Helix Angle 0°, 10° and 20°)
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The heat exchanger dimensions as well the flow conditions had been provided in the following tables.

Parameter Value Parameter Value

Heat exchanger length (L) 1000mm Number of baffles (Nb) 06

Shell  diameter (Outer diameter)
Do

101.60mm Central baffle spacing  (B) 83.42mm

Shell inner diameter 96.60mm Tube bundle geometry
(tube layout)

Triangular  600

Shell Thickness 2.5mm Tube pitch (Center to
Center)

30mm

Tube  length 800mm Baffle cut  25% [0.25*96.60]=2
4.15mm

Tube outer diameter  (do) 16mm Baffle thickness 2mm

Tube inner diameter 13.96 Tube sheet thickness 2mm

Tube thickness 1.016mm Shell and tube heat
exchanger (single pass)

1-1 pass

Number of tubes(Nt) 07

This heat exchanger is of Liquid-Liquid category with water flowing through both the shell-side as well as the
tube-side of this heat exchanger. The cold water at 30° C flows through the shell-side while the hot water at
70°C flows on the tube-side. The cold water flow rate remains constant while the hot water flow rate on the
tube was varied to study the heat exchange characteristics. In the following table, the flow conditions along
with the temperature had been provided.

Flow and Thermal conditions for the Heat Exchanger Analysis

Cold Side (Shell Side) Hot Side (Tube Side)

Flow Rate, l/min Temperature, K Flow Rate, l/min Temperature, K

Case 1 4 303 2 343

Case 2 4 303 4 343

Case 3 4 303 6 343

Case 4 4 303 8 343

IV. COMPUTATIONAL FLUID DYNAMIC

CFD is useful for studying fluid flow, heat transfer; chemical reactions etc. by solving
mathematical equations with the help of numerical analysis. CFD resolve the entire system in small cells and
apply governing equations on these discrete elements to find numerical solutions regarding pressure
distribution, temperature gradients. [4] This software can also build a virtual prototype of the system or device
before can be apply to real-world physics to the model, and the software will provide with images and data,
which predict the performance of that design. More recently the methods have been applied to the design of
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internal combustion engine, combustion chambers of gas turbine and furnaces, also fluid flows and heat
transfer in heat exchanger. The development in the CFD field provides a capability comparable to other
Computer Aided Engineering (CAE) tools such as stress analysis codes. Basic Approach to using CFD [8]

a) Pre-processor: Establishing the model

1) Identify the process or equipment to be evaluated.

2) Represent the geometry of interest using CAD tools.

3) Use the CAD representation to create a volume flow domain around the equipment containing the critical
flow phenomena.

4) Create a computational mesh in the flow domain.

b) Solver:
1) Identify and apply conditions at the domain boundary.

2) Solve the governing equations on the computational mesh using analysis software.

c) Post processor: Interpreting the results

1) Post-process the completed solutions to highlight findings.

2) Interpret the prediction to determine design iterations or possible solutions, if needed.

CFD Simulation Approach: The CFD simulations for this research work was carried out in STAR CCM+
11.02. For these 3-Dimensional steady-state simulations, RANS (Reynolds Averaged Navier Stokes) solver
based Realizable k-epsilon turbulence model was applied as was suggested in various researchers. The
conjugate heat transfer in the shell and tube heat exchanger was predicted by ensuring the conformal mesh
interface between the fluid and solid region with the help of polyhedral and thin-mesh methods. Prism layers
were added to resolve the boundary layer effects on the tubes as well as the other wall surfaces.

Figure 4.1meshing of base model shell and tube heat exchanger

The flow inlet was modeled using ‘velocity-inlet’ boundary conditions while the pressure-outlet was applied
for the flow exits. Symmetry model was used as the flow and the geometry were symmetrical about the central
axis.

Heat Exchangers Helical Baffle Configuration
The helical shaped baffles were known to introduce flow swirling inside the heat exchangers due to which the
heat transfer mechanism between the hot and cold fluid would improve. One of the critical factor while
designing the helical heat exchangers was the helix angle as it has direct impact on the heat transfer
characteristics. In this project work, heat exchangers with three helix angle was studied

 Configuration K: Helix Angle = 0°
 Configuration L: Helix Angle = 10°
 Configuration M: Helix Angle = 20°

In the following image, the heat exchanger configurations with varying helix angles had been shown.
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Figure 4.2 Geometry description of Heat Exchanger Configuration K

Figure 4.3 Geometry description of Heat Exchanger Configuration L

Figure 4.4 Geometry description of Heat Exchanger Configuration M
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V. SYSTEM DEVELOPMENT

The experimental setup for the counter flow heat exchanger by LMTD method is shown in fig.

While obtaining the solution for any component designs such as Heat Exchangers, the experimental methods
are always preferred as compared to the analytical and numerical (CFD or FEA) approaches. This was mainly
due to the reason that the component undergoes actual operating conditions as per the specifications. With the
application of the actual working conditions, the performance of the components shall be investigated in
detail. However, the experiments must conducted by adhering to the relevant standards, data reduction
techniques etc to be considered for producing quality results from such a study.

For this project work, experimental studies for the shell and tube heat exchanger was conducted and the
measurements such as inlet, outlet temperatures were noted during the experiments. It was critical to record
these temperature values after obtaining the steady-state conditions. These are explained in the successive
sections.

Specification of experimental setup
Tank with two Heaters

Fiber tank (50 lit) for storing cold & hot water.

Platform made from angles and plywood

Piping system – hose pipes for transportation of cold water.

Piping system – hose pipes for transportation of hot water.

Welding of the heat exchanger to the platform.

Rota meter (5LPM) for measuring the flow.

Magnetic pump – 2 (40 watt)
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VI. RESULT AND DISCUSSION

Results from Experimental Studies
Table 6.1: observation during the experiment study had been shown below
Date of the Experiment 5/11/2017

Cold water flow rate 4 liters / minute

Hot water flow rate 2 liters / minute

Cold Side (Shell-side) Hot Side (Tube-Side)

Time, s
Inlet Temperature,
°C

Outlet Temperature,
°C

Inlet Temperature,
°C

Outlet Temperature,
°C

0 30 30 70 70

120 30 31.8 70 67

240 30 34 70 64.1

360 30 35.4 70 61.2

480 30 36 70 58.3

600 30 36.6 70 56.4

A similar observation table for the remaining three configurations – hot water flow rate of 4 l/min, 6 l/min and
8 l/min – were prepared

The results comparison between the experiment and CFD simulation results are shown below in the graphs.
As can be observed, both results were in good agreement to conclude it as validation.

While analyzing the CFD results, the vector plots highlight the flow separation zones near to the baffles. Due
to this flow separation, the local re-circulation zones would be created that lead to the under-performance of
the heat exchangers. So, the optimization method should focus on rectifying such flow behavior on the heat
exchanger flow paths.
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As shown in the following streamlines, major volumes near the baffles were under-utilized for flow mixing
which result in low thermal performance of the heat exchangers.

Figure 6.1 streamlines for identifying the under-utilized zones

Investigation on Helical Baffles
In the final phase of the project work, helical baffles (with three different helix angle) for the heat exchanger
were compared against the Base Model heat exchanger that had segmental baffles.

Figure 6.2 heat transfer rate vs. flow rate
To achieve both high heat transfer rate one must increase the value of UA product either by increasing the size
(cost) of heat exchanger or by forcing the fluids through heat exchanger at higher velocities to produce
increased convection coefficient.

Figure 6.3 friction factors vs. flow rate

50

60

70

80

90

100

110

2 3 4 5 6 7 8

He
at

 tr
an

sfe
r r

at
e,

 W

Hot water flow rate, l/min

Heat transfer rate, Q

Experiment - Base Model
CFD - Base Model
CFD - Helical 0deg
CFD - Helical 10deg
CFD - Helical 20deg

0.008

0.01

0.012

0.014

0.016

2 3 4 5 6 7 8

Fr
ict

io
n 

fa
ct

or

Hot water flow rate, l/min

Friction factor

Experiment - Base Model

CFD - Base Model

CFD - Helical 0deg

CFD - Helical 10deg

CFD - Helical 20deg



1328 Gajanan P Nagre, Prof. A.V.Gadekar,Prof. D.V.Nehete

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 12
December 2017

With the increase in the flow rate (Reynolds no.) friction factor is decreasing as resistance to flow is
decreased.

Figure 6.4 effectiveness vs. flow rate

Just because heat exchanger has high effectiveness at certain flow condition does not mean that it will have
higher heat transfer rate than at some low effectiveness condition. Higher effectiveness value corresponds to
reduced values of thermodynamic irreversibility and small entropy generation

.

VII. CONCLUSION

 Base Model heat exchangers showed numerous flow re-circulation zones as well as under-utilization
zones near the segmental baffles.

 Even though the improvement in thermal performance of the heat exchangers with the helical baffles
weren’t significant as compared to the Base Model heat exchanger with segmental baffles, the flow losses
were reduced by a significant 300%.

o So, for the identical thermal performance from the segmental baffled heat exchangers, the helical baffled
heat exchangers had lower flow losses. And hence they were concluded to the optimum design for these
specifications.

 Among the three helical baffles (Configuration K – M) that were analyzed in this project work, 10° helix
angle showed marginally better thermal performance as compared to the other two helix angles. So, this
configuration was considered as the optimum heat exchanger model based on this research.

VIII. FUTURE SCOPE

 The present study was considered for the flow rates of 2 l/min to 8 l/min. However, the study shall be
conducted for higher mass flow rate operating conditions to analyze the performance of the heat
exchanger.

 Both the segmental and the helical baffles were made of continuous baffles. In order to minimize the
stagnate region on the downstream of the segmental baffles, perforated baffles for the heat exchanger.
This would enhance more mixing of fluid and hence the improved thermal performance of the heat
exchanger.

 The present study can be extended by using different working fluid
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