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ABSTRACT 
A heat exchanger is a device that is used to transfer thermal energy (enthalpy) between two or more fluids, between 

a solid surface and a fluid, or between solid particulates and a fluid, at different temperatures and in thermal 

contact. In heat exchangers, there are usually no external heat and work interactions. The aim of the present 

dissertation work focus on the design and thermal analysis of multiple shell and tube heat exchanger. Heat 

exchanger designed, justifying the phenomenon of convection within the shell and tubes. The study presents the 

linear static-steady thermal analysis of a multiple shell and tube heat exchanger using computational fluid 

dynamics approach. Altair HYPERMESH software is used to perform the analysis. The number of shell tubes, 

shell tubes arrangements at various angle, and temperature were considered as input parameters. 

 

KEYWORDS: Hypermesh, Multiple Shell and Tube Heat Exchanger, Tube Heat Exchanger, CFD, Parallel Flow. 

INTRODUCTION 
In the recent years, there is increasing need of highly efficient heat exchangers. This project primarily focuses on 

designing and simulation of tubular heat exchanger using Computational fluid Dynamics through ANSYS 

FLUENT (CFD) as software tool. The major relevant literature has been studied in order to summarize the major 

approaches and design available at the present stage. The studied review of literature directed this dissertation 

work to design the tubular heat exchanger. This main emphasis to design the simple tubular heat exchanger is to 

simulate it for the particular parameters and the heat transfer rate and heat transfer coefficient can be analysed. 

Thus this study provides a numerical analysis ofheat transfer coefficient for the simple tubular heatexchanger. 

 

Heat exchange between flowing fluids is one of the most important physical process of concern, and a variety of 

heat exchangers are used in different type of installations, as in process industries, compact heat exchangers 

nuclear power plant, HVACs, food processing, refrigeration, etc. The purpose of constructing a heat exchanger is 

to get an efficient method of heat transfer from one fluid/gas to another, by direct contact or by indirect contact. 

The heat transfer occurs by three principles: conduction, convection and radiation. In a heat exchanger the heat 

transfer through radiation is not taken into account as it is negligible in comparison to conduction and convection. 

Conduction takes place when the heat from the high temperature fluid flows through the surrounding solid wall. 

The conductive heat transfer can be maximized by selecting a minimum thickness of wall of a highly conductive 

material. But convection is plays the major role in the performance of a heat exchanger. Forced convection in a 

heat exchanger transfers the heat from one moving stream to another stream through the wall of the pipe. The 

cooler fluid removes heat from the hotter fluid as it flows along or across it 

 

Tubular heat exchangers are built of mainly of circular tubes although some other geometry has also been used in 

different applications. This type of construction offers a large amount of flexibility in design as the designing 

parameters like the diameter, length and the arrangement canbe easily modified. This type is used for liquid-to-

liquid (phase changing like condensing or evaporation) heat transfer. Again this type is classified into shell and 

tube, double pipe and spiral tube heat exchangers. 
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OBJECTIVES OF WORK 
The design of tubular heat exchanger has been facing problems because of the lack of experimental data available 

regarding the behaviour of the fluid in helical coils & tubes and also incase of heat transfer data, which is not the 

case in Shell & Tube Heat Exchanger. So to thebest of our effort, thermal analysis was carried out to determine 

the heat transfer characteristics for a tubular heat exchanger by varying the different profiles like different 

temperatures and diameters of pipe and coil. The objective of the project is to obtain a better and more quantitative 

insight into the heat transfer process that occurs when air flows in thetube. 

 

METHODOLOGY 
ProblemDescription: 

Design and analysis of simple tubular heat exchanger with number of varying pipes inside the heat exchanger 

using hyper mesh software. To study the temperature variation inside the heat exchanger tube with different mass 

flow rate. 

 

ComputationModel: 

The computation model of an analysis test tubular heat exchanger with the varying number of pipe is shown in 

figure and the geometry parameters are listed in table below [21]. As shown in figure there are five and nine 

number of tubes inside the tubular heat exchanger. The wholecomputation domain is bounded inside of the tube 

and everything inside the tube contained in the domain. This IGES file of the model is imported from CAD 

software. 

 

Some of the basic characteristics of the process to simplify the simulation assumption are made as follows. 

• The tube side fluid has constant thermalproperties. 

• The heat transfer process and fluid flow are in steady statecondition. 

• The leak between tube and shell areneglected. 

 

The heat exchanger is insulated so that heat loss to the environment is completely neglected. 

 

Ansys fluent: 

Ansys Fluent is a commercially finite element pre-Processor and post-processor that quick creates finite element 

and finite difference models foe engineering analysis. Hyper mesh using the followingprocess: 

• Import and translate surface geometry from externalfile. 

• Create collectors andcomponent, 

• Build the model by buildingelement. 

• Mesh the modeland 

• Check the mesh qualitygeometry. 

 

It also provides CAD surface manipulations, of particular interest is the ability of hyper mesh to do automatic 

mesh generation and surface stitching. The organisation of mesh generation algorithms, algorithms parameter and 

smoothing operation are available to improve grid quality. The available mesh generation algorithms are divided 

into two types: 

• Those that require the presence of asurface. 

• Those that working purely from node or linedata. 

 

The smoothing algorithms are categorized as size pr shape corrected algorithms. The size correcting smoothing 

uses a modified Laplacian over- relaxation. The shape correction smoothing algorithms employs iso-parametric-

centroidal over-relaxation that corrects the elements shape allowing variation in element size. 

 

Gridformation 

The three dimension model is then discretized in hyper mesh. In order to capture the thermal boundary layer the 

entire model is discretized using Quadra-hedral mesh element which is precise and involves less computation 

effort. Fine control of the Quadra-hedral mesh near the wall surface allows capturing the boundary layer gradient 

accurately. The entire geometry is divided into three domains Air inlet, air tube shell, and five and nine number 

of pipes. 
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The heat exchanger is discretized into solid in order to have better to control over the number of nodes. The mesh 

is made is made finer for simulating conjugate heat exchanger phenomenon. The fluid domain from the tube 

surface is maintained at 100 microns to capture the thermal boundary layer. The discretized model is checked for 

quality and ifit once found free from error and minimum required quality it is exported to HYPRMESH Pre- 

processor. 

 

MeshGeneration 

Meshing generation is an integral part of the computer-aided engineering analysis process. The mesh influences 

the accuracy, convergence and speed of the solution. Furthermore, the time taken to create a mesh model often 

consumes the significant portion of the project duration of simulation for the complex components. Therefore, the 

more the automated meshing tools, faster the convergence of equation residuals and better the solution. The mesh 

generation process in this system has started with creation of 2D quad elements in the diffuser and partingplanes. 

Initially a relatively coarser mesh is generated with 1.8 Million cells. This mesh contains cells of Quadra-hedral 

faces at the boundaries. Care is taken to use structured cells as much as possible, for this reason the geometry is 

divided into several parts for using automatic methods available in the Hyper mesh meshing client. It is meant to 

reduce numerical diffusion as much as possible by structuring the mesh in a well manner, particularly near the 

wall region. Later on, for the mesh independent model, a fine mesh is generated with 5.65 Million cells.  For this 

fine mesh, the edges and regions of high temperature and pressuregradients are finely meshed. A high quality 

mesh is very important for successful numerical simulations. The smaller the size of the element near the wall of 

the tube and the slot, the more detailed and accurate flow structure will be captured. However, for the 3D 

simulation, a small change in the size of element will lead a substantial increase in the number of elements. That 

will results in a significant increase of computational time. In order to balance the accuracy of the simulations and 

CPU time, an optimum size of mesh need to be chosen. “Symmetry” boundary condition is imposed on the velocity 

field at y = 0 mm and z = 0 mm.The computational domain is divided into two zones: the inlet and tube bank zone 

and the exit zone. Data are transferred between the two zones by the connective interface. Non uniform meshing 

is used to discretize the equations in the inlet and tube bank zone. An inflation method is applied at the wall of 

tubes. The boundary layers on walls of tubes, upper and lower bounds are refined by putting several inflation 

layers. A coarser non uniform mesh is employed in the exit region. At the interface between the two zones, contact 

sizing is applied for coordinating the finer mesh in the inlet and tube bankzone by adjusting the global size of mesh 

element, contact size at the interface and inflation layers near the wall of the tubes, three meshes with different 

magnitudes of elements in the tube bank zone are generated [23]. The mesh near the wall of the tubes and near 

the slots is dense. With the use of zone meshing, the mesh in the tube zone can be refined with a minimal increase 

of CPU time. That enables us to obtain very accurate 3-D flow structure in the tube zone. 

 

RESULT AND DISCUSSION 
The simulation is carried out with setting all the boundary conditions using Ansys Fluent (as a simulation tool – 

CFX) The simulation results are obtained for different temperature ranges. The different iterations are placed for 

inlet air into the shell containing group of arranged pipes which ranges from 300 to 500 K. Also the study in this 

dissertation is focused on varying the no. of pipes inside the shell. Three different plots of temperature profile are 

taken into account for the comparison to analyze the heat transfer rate of simpler tube heat exchanger. Here a 

comparative study is generated where number of pipes varies as N = 4 and N = 6. Air is blown at five 

temperatureranges. 

 

The main objective of the present work is to identify the effects of inlet hot fluid     temperature at four levels 300-

400 K with and equal interval of 25 K, the value of inlet cold temperature is kept constant (i.e. 75, 100 K) during 

the each analysis (iterations). Effects of inlet hot fluid temperature was analyzed on various output responses such 

as; (i) pressure distribution; (ii) temperature distribution; (iii) density distribution; (iv) turbulence; (v) enthalpy 

and (vi) entropy of the shell and tube type heat exchanger. This Analysis will help in predicting the life and in 

reducing the chances of failure of Shell and tube type heat exchanger, which is one of the most ignorant areas of 

research in shell and tube type heat exchanger (STHE). 

 

To conduct this study computational fluid dynamics tool CFX of Ansys has been used. 

 

Set-I of the Experiments: First set of the experiments have been performed using inlet cold temperature constant 

at 75 K while varying the inlet hot fluid temperature in the range of 300-375 K. Four iterations have been done 

and presented in the next subsequent subsections as Iteration I-IV. 

Iteration-I 
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In the first iteration of set-I, inlet temperature (K) of cold fluid was kept constant at 75K, while inlet temperature 

of the hot fluid has been varied at five levels from 300K respectively. Responses have been measured in terms of 

(i) pressure distribution; (ii) temperature distribution; (iii) density distribution; (iv) enthalpy and (v) entropy of 

the shell and tube type heat exchanger. Figure 6.1 presents the variation in the measured responses of the shell 

and tube type heat exchanger. 

 

  

  

 
Fig. 6.1 Variations in the considered responses at inlet cold temperature 75 K and inlet hot temperature 

300K 

 

Iteration-II 

In the second iteration of set-I, inlet temperature (K) of cold fluid was kept constant at 75K, while inlet temperature 

of the hot fluid has been varied at five levels from 325K respectively. Responses have been measured in terms of 

(i) pressure distribution; (ii) temperature distribution; (iii) density distribution; (iv) enthalpy and (v) entropy of 

the shell and tube type heat exchanger. Figure 6.2 presents the variation in the measured responses of the shell 

and tube type heat exchanger. 
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Fig. 6.2 Variations in the considered responses at inlet cold temperature 75 K and inlet hot temperature 

325K 

 

Iteration-III 

In the third iteration of set-I, inlet temperature (K) of cold fluid was kept constant at 75K, while inlet temperature 

of the hot fluid has been varied at five levels from 350K respectively. Responses have been measured in terms of 

(i) pressure distribution; (ii) temperature distribution; (iii) density distribution; (iv) enthalpy and (v) entropy of 

the shell and tube type heat exchanger. Figure 6.3 presents the variation in the measured responses of the shell 

and tube type heat exchanger 
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Fig. 6.3 Variations in the considered responses at inlet cold temperature 75 K and inlet hot temperature 

350K 

 

Iteration-IV 

In the fourth iteration of set-I, inlet temperature (K) of cold fluid was kept constant at 75K, while inlet temperature 

of the hot fluid has been varied at five levels from 375K respectively. Responses have been measured in terms of 

(i) pressure distribution; (ii) temperature distribution; (iii) density distribution; (iv) enthalpy and (v) entropy of 

the shell and tube type heat exchanger. Figure 6.4 presents the variation in the measured responses of the shell 

and tube type heat exchanger. 
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Fig. 6.4 Variations in the considered responses at inlet cold temperature 75 K and inlet hot temperature 

375K 

 

Set-II of the Experiments: Second set of the experiments have been performed using inlet cold temperature 

constant at 100 K while varying the inlet hot fluid temperature in the range of 300-375 K. Four iterations have 

been done and presented in the next subsequent subsections as Iteration I-IV. 

 

Iteration-I  

In the first iteration of set-II, inlet temperature (K) of cold fluid was kept constant at 100K, while inlet temperature 

of the hot fluid has been varied at five levels from 300K respectively. Responses have been measured in terms of 

(i) pressure distribution; (ii) temperature distribution; (iii) density distribution; (iv) enthalpy and (v) turbulence of 

the shell and tube type heat exchanger. Figure 6.5 presents the variation in the measured responses of the shell 

and tube type heat exchanger. 
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Fig. 6.5 Variations in the considered responses at inlet cold temperature 100 K and inlet hot temperature 

300K 

 

Iteration-II 
In the second iteration of set-II, inlet temperature (K) of cold fluid was kept constant at 100K, while inlet 

temperature of the hot fluid has been varied at five levels from 325K respectively. Responses have been measured 

in terms of (i) pressure distribution; (ii) temperature distribution; (iii) density distribution; (iv) enthalpy and (v) 

turbulence of the shell and tube type heat exchanger. Figure 6.6 presents the variation in the measured responses 

of the shell and tube type heat exchanger. 
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Fig. 6.6 Variations in the considered responses at inlet cold temperature 100 K and inlet hot temperature 

325K 

 

Iteration-III 
In the third iteration of set-II, inlet temperature (K) of cold fluid was kept constant at 100K, while inlet temperature 

of the hot fluid has been varied at five levels from 350K respectively. Responses have been measured in terms of 

(i) pressure distribution; (ii) temperature distribution; (iii) density distribution; (iv) enthalpy and (v) turbulence of 

the shell and tube type heat exchanger. Figure 6.6 presents the variation in the measured responses of the shell 

and tube type heat exchanger. 
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Fig. 6.6 Variations in the considered responses at inlet cold temperature 100 K and inlet hot temperature 

350K 

 

Iteration-IV 
In the fourth iteration of set-II, inlet temperature (K) of cold fluid was kept constant at 100K, while inlet 

temperature of the hot fluid has been varied at five levels from 375K respectively. Responses have been measured 

in terms of (i) pressure distribution; (ii) temperature distribution; (iii) density distribution; (iv) enthalpy and (v) 

turbulence of the shell and tube type heat exchanger. Figure 6.6 presents the variation in the measured responses 

of the shell and tube type heat exchanger. 
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Fig. 6.9 Variations in the considered responses at inlet cold temperature 100 K and inlet hot temperature 

375K 

 

CONCLUSION 
The study presents the linear static-steady thermal analysis of a multiple shell and tube heat exchanger using 

computational fluid dynamics approach. Altair HYPERMESH software is used to perform the analysis. The 

number of shell tubes, shell tubes arrangements at various angle, and temperature were considered as input 

parameters.The design of tubular heat exchanger has been facing problems because of the lack of experimental 

data available regarding the behaviour of the fluid in helical coils & tubes and also incase of heat transfer data, 

which is not the case in Shell & Tube Heat Exchanger. So to thebest of our effort, thermal analysis was carried 

out to determine the heat transfer characteristics for a tubular heat exchanger by varying the different profiles like 

different temperatures and diameters of pipe and coil. 
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