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Abstract
The shell side design of a shell and tube heat exchanger; in particular the baffle spacing, baffle cut and shell
diameter dependencies of the heat transfer coefficient and the pressure drop are investigated by numerically
modelling a small heat exchanger. The flow and temperature fields inside the shell are resolved using a
commercial CFD package. A set of CFD simulations is performed for a single shell and single tube pass heat
exchanger with a variable number of baffles and turbulent flow. The results are observed to be sensitive to the
turbulence model selection. The best turbulence model among the ones considered is determined by comparing
the CFD results of heat transfer coefficient, outlet temperature and pressure drop with the Bell–Delaware
method results. For two baffle cut values, the effect of the baffle spacing to shell diameter ratio on the heat
exchanger performance is investigated by varying flow rate.
Keywords: CFD, Heat Exchanger, Shell and Tube, Baffle Cut, Turbulence Models.

1. Introduction
Shell and tube heat exchangers are known as the work-horse of the chemical process industry when it comes to
transferring heat. These devices are available in a wide range of configurations as defined by the Tubular
Exchanger Manufacturers Association. The applications of single-phase shell-and-tube heat exchangers are
quite large because these are widely in chemical, petroleum, power generation and process industries. In
essence, a shell and tube exchanger is a pressure vessel with many tubes inside of it. One process fluids flows
through the tubes of the exchanger while the other flows outside of the tubes within the shell. The tube side and
shell side fluids are separated by a tube sheet. In these heat exchangers, one fluid flows through tubes while the
other fluid flows in the shell across the tube bundle. The design of a heat exchanger requires a balanced
approach between the thermal design and pressure drop. The performance parameters include heat transfer,
pressure drop, effectiveness etc.
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The determination of pressure drop along with heat transfer in a heat exchanger is essential for many
applications for at least two reasons:
(1) The fluid needs to be pumped through the exchanger, which means that fluid pumping power is required.
This pumping power is proportional to the exchanger pressure drop.
(2) The heat transfer rate can be influenced significantly by the saturation temperature change for a
condensing/evaporating fluid in case of multiphase flow if there is a large pressure drop associated with the
flow. Ideally most of the pressure drop available should be utilized in the core and a small fraction in the
manifolds, headers, or other flow distribution devices.

Figure 1: The Model with 6 Baffles

To be able to understand the causes of the shell side design weaknesses, the flow phenomenon inside
the shell must be well understood. For that purpose, numerous analytical, experimental and numerical studies
have been performed. Most of these studies were concentrated on the certain aspects of the shell-and-tube heat
exchanger design. Among others, Gay et al. [4] worked on heat transfer, while Halle et al. [5], Pekdemir et al.
[6], Gaddis and Gnielinski [7] investigated pressure drop. Some of the researchers concentrated only on certain
parts of the shell-and-tube heat exchanger. It can be particularly useful in the initial design steps, reducing the
number of testing of prototypes and providing a good insight in the transport phenomena occurring in the heat
exchangers [14]. In all of these simplified approaches, the shell side pressure drop and heat transfer rate results
showed good agreement with experimental data.

2. Modelling Details
In this study, a small heat exchanger is selected in order to increase the model detail and to make solid
observations about the flow inside the shell. Some of the design parameters and the predetermined geometric
parameters are presented here. The geometric model with 6 baffles is shown in Fig. 1. Two different baffle cut
values are selected: 25% baffle cut value is very common in shell-and-tube heat exchanger designs; whereas,
36% baffle cut value is selected to place the cut just below or above the central row of tubes. The working fluid
of the shell side is water. Since the properties of water are defined as constants in the Fluent database, to
improve the accuracy, they are redefined using piecewise-linear functions of temperature by using the
‘‘Thermo-Physical Properties of Saturated Water” tables available in the literature [15].
.

2.1 Boundary conditions
The desired mass flow rate and temperature values are assigned to the inlet nozzle of the heat
exchanger. The shell inlet temperature is set to 300 K. Zero gauge pressure is assigned to the outlet nozzle, in
order to obtain the relative pressure drop between inlet and outlet. The inlet velocity profile is assumed to be
Avinash D Jadhav, Tushar A Koli

2

Vol.2 Issue.6,
June 2014.

INTERNATIONAL JOURNAL OF RESEARCH IN AERONAUTICAL AND MECHANICAL ENGINEERING

Pgs: 155-160

uniform. No slip condition is assigned to all surfaces. The zero heat flux boundary condition is assigned to the
shell outer wall, assuming the shell is perfectly insulated outside. Since the tube side flow is easy to resolve,
the present study is concentrated on the shell side flow. After modelling the tubes as solid cylinders, the
constant wall temperature of 450 K is assigned to the tube walls.
The pressure model is selected from the paper published by Kapale U C, Chand S. [16]
Design parameters and fixed geometric parameters.
Shell size (Ds) = 90 mm, Tube outer diameter (do) = 20 mm,
Tube bundle geometry and pitch = Triangular, 30 mm
Number of tubes (Nt) = 7, Heat exchanger length (L) = 600 mm,
Shell side inlet temperature (T) = 300 K, Baffle cut (Bc) = 25% & 30% alternate,
Central baffle spacing (B) = 86 mm, Number of baffles (Nb) = 6

Figure 3: Showing the actual flow pattern in shell-side

Figure 4: Illustration of baffle cut angles, leakage area.
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3. Result and Discussion
3.1. Sensitivity of results to turbulence model and discretization order
In all of the preliminary simulations, the flow inside the shell is observed to be turbulent. Therefore,
the viscous model is selected as turbulent. The sensitivity of the results to the turbulence model and the
discretization order is investigated using the heat exchanger model with 6 baffles which is shown in Fig. 1. The
first and second order discretization schemes and three different turbulence models are tried for two different
mesh densities.

Figure 5: Analytical Result for baffle cut at 25%

Figure 6: Analytical Result for baffle cut at 30%
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Figure 7: Comparison of CFD results

Figure 8: Velocity (m/s) path lines for 6 baffles (1 kg/s mass flow rate)

3.2. Effects of baffle cut on pressure drop
Here, the simulations are repeated for the baffle cut value of 25% and effects of the baffle cut on the
heat transfer and the pressure drop are investigated. The percent differences between the analytical calculations
and the CFD analysis results are presented in Figure 5. The analytical calculations are taken as the base values
for the percent difference calculations.

4. Conclusion
The shell side of a small shell-and-tube heat exchanger is modelled with sufficient detail to resolve the flow
and temperature fields. From the CFD simulation results, for fixed tube wall and shell inlet temperatures, shell
side heat transfer coefficient, pressure drop and heat transfer rate values are obtained. The sensitivity of the
shell side flow and temperature distributions to the mesh density, the order of discretization and the turbulence
modelling is observed. By varying baffle cut values of 25% and 30%, 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. Using CFD,
Avinash D Jadhav, Tushar A Koli
5

Vol.2 Issue.6,
June 2014.

INTERNATIONAL JOURNAL OF RESEARCH IN AERONAUTICAL AND MECHANICAL ENGINEERING

Pgs: 155-160

together with supporting experiments, may speed up the shell-and-tube heat exchanger design process and may
improve the quality of the final design. In the near future, improvements in the computer technology will make
full CFD simulations of much larger shell-and-tube heat exchangers possible
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