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Abstract— Computational Fluid Dynamic (CFD) is a useful 

tool in solving and analyzing problems which involve fluid 

flows, while shell and tube heat exchanger is the most 

common type of heat exchanger and widely used in oil 

refinery and Auto mobile industries and other large chemical 

processes because it suit for high pressure and temperature 

application. The processes in solving the simulation consist 

of modeling and meshing the basic geometry of shell and 

tube heat exchanger using the CFD package ANSYS 14.5 

meshing. Then, the boundary condition will be set before 

been simulate in Fluent 14.5 based on the experimental 

parameters. Parameter that had been used were constant mass 

flow rate of cold water and varies with mass flow rate at 

0.0177 kg/s, 0.0089kg/s of hot water. Thus, this research 

presents the simulation of heat transfer in (STHE) shell and 

tube heat exchanger model and validates the heat transfer in 

Shell and Tube Heat Exchanger using baffles or without 

baffles making the flow counter and parallel. The CFD 

model is validated by comparison to the experimental results 

within less error. 
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I. INTRODUCTION 

One would be surprised to know that a lot of important 

processes, some very common ones, which we encounter in 

our everyday life, have a lot to do with heat transfer from 

one medium to another. The refrigerators and the air 

conditioners at our homes function on this very principle of 

heat transfer. Looking at nature, the evaporation of water 

from oceans is also an example of heat transfer. 

When we look at transfer of heat from one or more 

media to another medium or media, the media giving the 

heat undergoes cooling and vice versa. Hence, the name 

'heat exchangers'. Our lungs also act as heat exchangers and 

are quite efficient at that primarily due to the large surface to 

volume ratio. The radiators in cars also exchange heat with 

water releasing heat into the air passing through the radiator 

and in turn, cooling the engine. Heat exchangers are widely 

employed in industries for large scale processes. Condensers 

and boilers in steam plants are one of the examples. Heat 

exchangers have undergone numerous modifications over 

the ages and have become quite efficient compared to their 

predecessors. They have new designs, new materials and 

have been customized to meet specific needs. We will have 

a look at some of the most common types of them. 

II. TYPES OF HEAT EXCHANGERS 

Heat exchangers can be classified on various parameters- 

design and construction, flow arrangement, transfer process 

and number and state of fluids. 

A. Flow Arrangement: 

1) Co-current (Parallel) flow 

As the name suggests, the flow of the hot and the cold fluid 

is taking place in the same direction in this case. The 

temperature difference between the hot and the cold fluid 

keeps on decreasing from one end to the other. 

 
Fig. 1: Co-current (Parallel) flow 

2) Counter Current Flow 

In this setup, the hot fluid enters from one end of the 

exchanger and the cold from the opposite end. This results 

in nearly constant temperature difference between the hot 

and the cold fluid. This is a significant aspect and makes 

counter current exchangers preferable over co-current 

exchangers. 

 
Fig. 2: Counter current flow 

3) Crossed flow 

The two fluids (hot and cold) are directed at right angles to 

each other. Figure 3 show two common arrangement of 

cross flow heat exchanger. In figure 3 (a) the Fluid_1_in 

(th1) flows inside the separate tubes and its different streams 

do not mix. The Fluid_2_out (tc1) flows over the tube banks 

and gets perfectly mixed. In figure 3 (b), each of the fluid 

stay in prescribed paths and are not allowed to mix as they 

fluid through the heat exchanger. When mixing occurs, the 

temperature variations are primarily in the flow direction. 

When unmixed, there is temperature gradient along the 

stream as well as in the direction perpendicular to it. 

Apparently, temperatures of the fluid leaving the unit are not 

uniform for the unmixed streams. The cross flow heat 

exchanger are commonly employed in air or gas heating and 

cooling applications, e.g., the automobile radiator and the 

cooling unit of air-conditioning duct. 
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Fig. 3: Cross flow arrangement 

III. LITERATURE REVIEW 

The purpose of this chapter is to provide a literature review 

of past research effort such As journals or research papers 

and articles related to shell and tube heat exchanger and 

computational fluid Dynamics (CFD) analysis whether on 

two dimension and three dimension modelling. Moreover, 

review of other relevant research studies are made to 

provide more Information in order to understand more on 

this research. 

N.H.S Tay, F. Bruno, M. Belusko [1] A 

computational fluid dynamic (CFD) model for tubes in a 

phase change thermal energy storage system has been 

developed and validated with experimental results. The heat 

transfer fluid (HTF) flows in tubes which are configured in a 

unique arrangement during the charging and discharging 

processes.  

Jian-Fei Zhang, Ya-Ling He, Wen-Quan Tao [2] In 

the present study, a 3D numerical simulation of a whole heat 

exchanger with middle-overlapped helical baffles is carried 

out by using commercial codes of GAMBIT 2.3 and 

FLEUNT 6.3. At first, the computational model and 

numerical method of the whole heat exchanger with middle-

overlapped helical baffles is presented in detail, and parallel 

computation mode is adopted for the simulation of a whole 

heat exchanger with six cycles of the middle-overlapped 

helical baffles of 400 helical angle on a grid system of 13.5-

million cells; second, the validation of the computational 

model is performed by comparing the total pressure drop 

and average Nusselt number of the whole heat exchanger 

with experimental data. 

Xinyi Tang, Xianfeng Dai  , Dongsheng Zhu [3] 

Turbulent flow characteristics and heat transfer 

performances of twisted tri-lobed tube (TTT) and twisted 

oval tube (TOT) with Reynolds number of 8000–21,000 are 

experimentally compared in this research work, indicating 

that TTT provides better heat transfer performance and 

higher friction factor than TOT. 

Nasser Ghorbani, Hessam Taherian , et all [4] In 

the present study an experimental investigation of the mixed 

convection heat transfer in a coil-in-shell heat exchanger is 

reported for various Reynolds and Rayleigh numbers, 

various tube-to-coil diameter ratios and dimensionless coil 

pitch. The purpose of this article is to assess the influence of 

the tube diameter, coil pitch, shell-side and tube-side mass 

flow rate over the performance coefficient and modified 

effectiveness of vertical helical coiled tube heat exchangers 

Kannan K, Rudramoorthy R [5] Flow distribution 

headers play a major role in heat exchangers. The selection 

of header diameter, branch pipe diameter, branch pipe 

spacing etc. is based on the designer’s experience and 

general guide lines. The proper selection of the header 

dimensions will yield uniform flow distribution in heat 

exchangers, which in turn will enhance the heat exchanger 

efficiency. In this work, the flow distribution in branch pipes 

and the pressure variation across the branch pipes in laminar 

and low turbulence region is studied with two models of the 

inlet dividing headers. 

IV. SHELL AND TUBE HEAT EXCHANGER: CONSTRUCTION 

A. Tubes: 

The tubes provide the heat transfer area in a shell and tube 

heat exchanger. The tubes in a shell and tube heat exchanger 

are arranged in various arrangements. They are enclosed by 

a shell around them. They are available in various types heat 

exchanger with different types of fins shapes. The selection 

of wall thickness of tube depends on maximum operating 

pressure and corrosion characteristics. 

 
Fig. 4: Tubes 

B. Tube Pitch: 

Various aspects have to be kept in mind while designing a 

shell and heat tube exchanger. The tubes cannot be made 

very close to each other as that would then leave very less 

amount of fluid between the drilled tubes holes in tube 

sheets attached at the ends of the exchanger. And if the 

space between the tubes is very high, it would result in less 

surface area which in turn, would affect the efficiency of the 

exchanger. Hence, an optimum distance should be 

maintained. The shortest distance between centers of two 

adjacent tubes is called the tube pitch, should not be less 

than 1.25 times the tube diameter. My heat exchangers have 

a 17 mm pitch. 

 
Fig. 5: Tube Pitch 
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C. Shell:  

As shown in the figure, the shell is the outer casing of the 

heat exchanger. One fluid flows between the outer wall of 

the heat exchanger and inner wall of the shell while the 

other flows inside the tube. Shell has a circular cross section 

and selection of material of the shell depends upon the 

corrosiveness of the fluid and the working temperature and 

pressure. Carbon steel is a common material for the shell 

under moderate working conditions. 

 
Fig. 6: Shell 

D. Baffles: 

These are panels responsible for obstructing and redirecting 

the flow of fluid in the shell side of an exchanger. They are 

situated normal to the walls of the shell and force the liquid 

to flow at right angles to the axis of the tubes. This increases 

turbulence resulting in greater heat transfer. Also, the baffles 

help in keeping the tubes from sagging and increase the 

strength of the tubes by preventing their vibration. 

 
Fig. 7: Baffles 

V. THEORETICAL CALCULATION 

 mc = Mass flow rate of cold fluid 

mc = 0.0177 
𝑘𝑔

𝑠𝑒𝑐
 

 mh = Mass flow rate of hot fluid 

mh = 0.0089 
𝑘𝑔

𝑠𝑒𝑐
 

 cpc  Specific heat of cold fluid 

cpc   =
𝑗

𝑘𝑔 𝑘
 

 cp
h  Specific heat of hot fluid 

cp
h


𝑗

𝑘𝑔 𝑘


 th1 = 363k 

th2 = outlet temperature of hot fluid 

 th2 = 317.21k 

tc1 = Inlet temperature of cold fluid 

 tc1 = 290k 

tc2 = outlet temperature of cold fluid 

 tc2 = 313.06 

Q= mhcph (th1- th2) = mccpc (tc2- tc1) 

Q= 0 .0089×4.182× (363-317.2)  

= 0.0177×4.182× (313.06-290)   

= 1.712 = 1.712   

VI. COMPUTATIONAL FLUID DYNAMICS (CFD) 

Computational fluid dynamics, usually abbreviated as CFD, 

is a branch of fluid mechanics that uses numerical methods 

and algorithms to solve and analyze problems that involve 

fluid flows. Computers are used to perform the calculations 

required to simulate the interaction of liquids and gases with 

surfaces defined by boundary conditions. With high-speed 

supercomputers, better solutions can be achieved. Ongoing 

research yields software that improves the accuracy and 

speed of complex simulation scenarios such as transonic or 

turbulent flows.  

Computational fluid dynamics basically 

combination of numerical analysis, fluid mechanics and 

computer science. Numerical analysis the heart of 

computational fluid dynamics. Computer science plays in 

essential roil for calculation help of computers. Fluid 

mechanics use for flow visualization and other vary 

important conclusions 

 
Fig. 8: computational fluid dynamics 

A. Create Geometry 

Heat exchanger is design in the Autodesk inventor 2013. It 

is a counter-flow heat exchanger and parallel flow heat 

exchanger. First, the fluid flow (fluent) module is selected 

from ANSYS workbench. The design modeler opens then 

import design geometry. 

 
Fig. 9: Shell and Tube Heat Exchanger 
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B. Create Mesh for the Geometry 

The meshing part is done in the Meshing software package 

of Ansys. The mesh was generated with a high smoothing 

and fine sizing. The automatic inflation is taken ‘program 

controlled’ along the ‘fixed’ automatic size function. 

 
Fig. 10: Mesh Geometry 

C. Analysis Setup 

Boundary conditions are used according to the need of the 

model. Hot water inlet set on .01 m/s velocity, temperature 

at 336k and outlet set on pressure outlet. Cold water inlet set 

on 0.02 m/s velocity, temperature at 290k and outlet set on 

pressure outlet. Outer surface of shell and tube heat 

exchanger set on adiabatically (heat flux is 0). References 

values taken out from Ansys Fluent, temperature 290k are 

cold water inlet and other values is default for shell and tube 

heat exchanger. 

D. Visualizing the Results 

Shell and tube heat exchanger velocity variation on different 

types Velocity profile is examined to understand the flow 

distribution across the cross section at different positions in 

heat exchanger. 

Shown in Fig 10 a velocity variation of cold water 

into the shell. This figure shown as a cold water flow in 

wave form in the shell. This type flow increased heat 

transfer rate. 

 
Fig. 11: CFD Simulation of Shell (Internal Site) 

 
Fig. 12: CFD Simulation of Shell (Internal Site) 

 
Fig. 13: Fluid flow simulation into a shell and tube heat 

VII. RESULTS AND DISCUSSION 

Heat transfer increased from without baffles to with baffles, 

and greater for with baffles shell and tube heat exchanger. 

Shell and tube heat exchanger most effective case for 

baffles. We also get the theoretical values calculated through 

the calculation is approximately equal to the experimental 

values performed in ANSYS 14.5 using the same boundaries 

condition. 

Parallel 

flow 

Hot water 

inlet 

temp(k) 

Hot 

water 

outlet 

temp (k) 

cold water 

inlet 

temp(k) 

Cold 

water 

outlet 

temp (k) 

Without 

baffles 
363 319.6 290 311.62 

With 

baffles 
363 317.2 290 313.06 

Table 1: Fluid Flow parallel flow 

Counter 

flow 

Hot water 

inlet 

temp(k) 

Hot water 

outlet 

temp(k) 

cold 

water 

inlet 

temp(k) 

Cold 

water 

outlet 

temp(k) 

Without 

baffles 
363 317.82 290 312.71 

With 

baffles 
363 314.71 290 314.28 

Table 2: Fluid Flow Counter flow 
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Fig. 14: shell and tube heat exchanger for parallel flow 

 
Fig. 15: shell and tube heat exchanger for counter flow 

VIII. CONCLUSION 

A numerical study is carried out to investigate the 

temperature variation between different sections of shell and 

tube heat exchanger. A comparison is performed between by 

using baffles and without baffles in the design modeling. 

We obtained that by using the baffles we increase the rate of 

heat transfer in fluid between the inlet and outlet segment. 

ACKNOWLEDGMENT 

We would like to be thankful to the Gautam Buddha 

University, Greater Noida. At the same time we could not 

forget the direct or indirect support of faculty and friends to 

make this paper successful.  

REFERENCES 

[1] Tay NH, Bruno F, Belusko M. Experimental validation 

of a CFD model for tubes in a phase change thermal 

energy storage system. International Journal of Heat 

and Mass Transfer. 2012 Jan 31. 

[2] Zhang JF, He YL, Tao WQ. 3D numerical simulation 

on shell-and-tube heat exchangers with middle-

overlapped helical baffles and continuous baffles–Part 

I: Numerical model and results of whole heat exchanger 

with middle-overlapped helical baffles. International 

Journal of Heat and Mass Transfer. 2009 Nov 30. 

[3] Ghorbani N, Taherian H, Gorji M, Mirgolbabaei H. An 

experimental study of thermal performance of shell-

and-coil heat exchangers. International 

Communications in Heat and Mass Transfer. 2010 Aug 

31. 

[4] Kannan K, Rudramoorthy R. Experimental and 

numerical analysis of laminar and low turbulent flow 

distributions in inlet dividing header of shell and tube 

heat exchanger. Journal of Hydrodynamics, Ser. B. 

2010 Aug 31. 

[5] Nasr MJ, Shafeghat A. Fluid flow analysis and 

extension of rapid design algorithm for helical baffle 

heat exchangers. Applied Thermal Engineering. 2008 

Aug 31. 

[6] Dr.R.Rajappan, R.Azhaguvelu, “design and analysis of 

cross flow heat exchanger by using CFD”, National 

Conference on Emerging Trends in Mechanical 

Engineering 2013. 

[7] Savitri Patel, D.S Patel, “Application of CFD in 

STHE”, International Journal of Engineering Science 

and Innovative Technology (IJESIT) Volume 3, Issue 2, 

March 2014. 

[8] C. Z. Patel, Prof. K. K. Araniya, Prof. V. Y. Gajjar, 

Prof. H. B. Nayak, Prof. B.B. Patel, “CFX Validation of 

Shell and Tube Heat Exchanger at Thermal Power 

Station”, International Journal of Emerging Technology 

and Advanced Engineering, Volume 4, Issue 4, April 

2014. 

[9] Alok Vyas, Mr. Prashant Sharma, “An Experimental 

Analysis Study to Improve Performance of Tubular 

Heat Exchangers”, Alok Vyas et al Int. Journal of 

Engineering Research and Applications. 

[10] Vindhya Vasiny Prasad Dubey, Raj Rajat Verma, 

Piyush Shanker Verma & A. K. Srivastava, “Steady 

State Thermal Analysis of Shell and Tube Type Heat 

Exchanger to Demonstrate the Heat Transfer 

Capabilities of Various Thermal Materials using 

ANSYS”, Global Journal of Researches in Engineering, 

Volume 14 Issue 4 Version 1.0 Year 2014. 

[11] [11] B.Jayachandriah, K.Rajasekhar, “Thermal Analysis 

of Tubular Heat Exchangers Using ANSYS”, 

International Journal of Engineering Research, Volume 

No.3 Issue No: Special 1, pp.: 21-25 22nd March 2014 

[12] 8. B.Jayachandriah, K.Rajasekhar, “Thermal Analysis 

of Tubular Heat Exchangers Using ANSYS”, 

International Journal of Engineering Research, Volume 

No.3 Issue No: Special 1, pp.: 21-25 22nd March 2014. 

[13] Arjun K.S. and Gopu K.B, “Design of Shell and Tube 

Heat Exchanger Using Computational Fluid Dynamics 

Tools,” Research Journal of Engineering Sciences, Vol. 

3(7), 8-16, July (2014). 

[14] Yang J, Ma L, Bock J, Jacobi AM, Liu W. A 

comparison of four numerical modeling approaches for 

enhanced shell-and-tube heat exchangers with 

experimental validation. Applied Thermal Engineering. 

2014 Apr 30. 

[15] Yongqing W, Xin G, Ke W, Qiwu D. Numerical 

investigation of shell-side characteristics of H-shape 

baffle heat exchanger. Procedia Engineering. 2011 Dec 

31. 


