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Abstract— The shell and tube heat exchanger is the most 

common type heat exchanger widely used in the oil refinery 

and other large chemical processes because it suits a high-

pressure application. The process of solving shell and tube 

heat exchanger in simulation consists of modeling and 

meshing the basic geometry using CFD package ANSYS 

15.0. The objective of this simulation is to design of shell and 

tube heat exchanger with helical baffle and study the flow and 

temperature field inside the shell using ANSYS software 

tools. The heat exchanger consists of 10 tubes with the 800 

mm shell length & the 100 mm in diameter. The helix angle 

of helical baffle will be varied from 0 degree to 25 degree. In 

this simulation, due to different helix angle and flow rate, the 

pressure varies in shell throughout. The flow pattern in the 

shell side of the heat exchanger with continuous helical 

baffles was forced to be rotational and helical due to the 

geometry of the continuous helical baffles, which results in 

an expressively increase the heat transfer coefficient per unit 

pressure drop in the heat exchanger. 
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I. INTRODUCTION 

Heat exchanger is that devices which are used for the 

transferring heat between different temperature fluids which 

may be directly in contact or may be flowing separately in 

two tubes or in two channels. Numerous applications of heat 

exchangers can be observed in our day today life, to say a few 

are condensers and evaporators used in refrigerators and air 

conditioners and in case of thermal power plant heat 

exchangers are used in, condenser, boilers, air coolers and 

chilling towers. In case of automobiles heat exchangers are in 

the form of radiators or in the form of oil coolers in engine. 

Large scale process industries and chemical industries use 

heat exchangers for the transferring heat between different 

temperature fluids which are single phase or two phase. 

A. Type of Heat Exchangers: 

1) Based on Heat transfer process 

a) Direct Contact heat exchanger 

In direct contact heat exchangers two immiscible fluids are 

directly mixed and heat transfer occurs between two fluids. 

The specialty of this type of heat exchangers is the absence of 

wall separating the hot fluid stream and cold fluid stream. The 

application of this kind of heat Exchangers can be found in 

many places like in air conditioners, water cooling, 

humidifiers, industrial hot water heating and condensing 

plants. 

b) Transfer Type of Heat Exchanger 

In Transfer type of heat exchanger two fluids simultaneously 

flows through two tubes separated by walls. This are the most 

commonly used type heat exchanger due to simplicity in its 

construction  

c) Regenerators type Heat Exchanger 

A regenerative heat exchanger is that type of heat exchanger 

in which hot fluid heat is intermittently stored in a thermal 

storage medium and then it will be transferred to the cold 

fluid. To achieve this first the hot fluid is allowed to come in 

contact with the thermal storage medium which is usually the 

wall of heat exchanger and then the fluid is replaced with the 

cold fluid which will absorb the heat from the storage 

medium. 

2) Based on Constructional Features 

a) Tubular Heat Exchanger 

This type of heat exchangers consist of two concentric tubes 

in which one of the fluid flows through the inner tube and the 

second fluid flows through the annular space. Both the fluids 

are separated by the wall and heat transfer occurs through the 

walls 

b) Shell and Tube Heat Exchanger 

This type of heat exchanger consists of tube bundles which is 

set of tubes and a shell. The fluid which is to be heated or 

cooled is contained in one set of these tubes. The second fluid 

flows over the tubes that is to be heated or cooled in this way 

fluid can be either heated or absorb the heat required. 

c) Finned tube Heat Exchanger 

The principle which is in cooperated in this type of heat 

exchangers are that with the introduction of fin in the heat 

exchanger the heat transfer capacity of the heat exchanger can 

be improved. This is mainly used in gas to liquid type of heat 

exchanger and while using this fin is used in gas side. 

d) Compact Heat Exchanger 

A compact heat exchanger can be defined as heat exchanger 

which has area density (The ratio of the heat transfer surface 

area of a heat exchanger to its volume) for gas value is greater 

than 700 m2/m3 and for liquid or two-phase stream operation 

it is greater than 300 m2/m3. Compact heat exchanger are 

generally cross flow type where two fluid flow perpendicular 

to each other. 

3) Based on flow arrangement 

a) Parallel Flow 

In parallel flow heat exchangers the hot and cold fluid flows 

parallel to each other that means in the same direction. 

b) Counter Flow 

In counter flow heat exchangers both the fluids flows in 

opposite direction. 

c) Cross Flow 

In cross flow heat exchangers the two fluid flow 

perpendiculars with respect to one another 

B. Helical Coil Heat Exchangers 

Helical coil heat exchangers are recent development which 

has many advantages when compared with straight tube heat 

exchangers. 
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1) Advantages 

1) Heat transfer rate of helical coil is large when compared 

with that of straight tube heat exchanger. 

2) It has a compact structure and requires less floor area 

compared to other heat exchangers. 

3) Self-cleaning. 

4) Surface area for heat transfer is large 

The application of heat exchanger covers following 

areas 

 Air conditioning 

 Power generation 

 Petroleum industry 

 Chilling towers in Thermal power plant 

 Refrigeration & cryogenics 

 For Heat recovery 

II. LITERATURE REVIEW 

In recent decade there was large growth in computing power 

and memory capacity which has led to increase interest for 

scientist, engineers and researchers to simulate their problem 

using computational and numerical methods. Many 

computational tools (software packages) and methods have 

been developed since the last decades to analyses many 

engineering problems related to fluid dynamics, combustion, 

and various modes of heat transfer. Heat exchangers are used 

for a large variety of applications which attract the 

researchers and scientists to do research related to heat 

exchangers. 

The helical coil heat exchangers are widely used in 

many industries owing to its compact structural design, 

higher heat transfer capability and larger surface area for heat 

transfer. In the recent few years so many works has been done 

to improve the rate of heat transfer of heat exchangers. Wide 

range of literature has been found which shows that 

improvement in heat transfer rate can be achieved by using 

helical coil heat Exchanger. The secondary flow pattern of the 

fluid improves the heat transfer rate, the outer fluid moves 

with a higher velocity compared to the inner fluid due to the 

effect of curvature ratio. A large number of experimental 

works has been done to study flow pattern and also heat 

transfer characteristic of helical coil heat exchangers. 

The works done on helical coil heat exchangers can 

be classified as follows. 

Naphon et al. (2005) has studied heat transfer 

characteristics of spiral coil heat exchanger which is 

subjected to wet-surface conditions, they have done both 

experimental and numerical studies to find out heat transfer 

rate as well as to predict spiral coil heat exchangers 

performance. For the analysis they used cooling and 

dehumidifying condition. The result that they got suggests 

that rate of mass flow and temperature of inlet air affects 

temperature of water and air at the outlet. The outlet 

temperature of air and water decrease with increase in water 

mass flow rate. With increase in mass flow rate of air and 

water rates the humidity effectiveness and enthalpy decrease. 

Kumar et al. (2006) investigated heat transfer 

characteristics and hydrodynamics of tube in tube helical coil 

heat exchanger the experimental work was done on counter 

flow setup of heat exchanger and overall heat transfer 

coefficients was evaluated. The Nusselt number and friction 

coefficient for outer tube as well as inner tube was calculated 

and then it is compared with numerical values got from CFD 

software package FLUENT. The observation made by them 

is that overall heat transfer coefficient increase with inner coil 

dean number for constant flow rate in annulus region. 

Jayakumar et al. (2008) has done both numerical and 

experimental study on helical coil heat exchanger and he has 

considered fluid to fluid heat transfer. The different boundary 

conditions under consideration where constant heat flux, 

constant wall temperature and constant heat transfer 

coefficient .The observation made was constant values of 

transport properties and thermal properties of heat transfer 

medium results in inaccurate heat transfer coefficient and also 

in many practical applications such as heat transfer in fluid to 

fluid heat exchangers arbitrary boundary conditions like 

constant heat flux and constant wall temperature are 

practically not applicable. Based on numerical analysis and 

experimental work conducted and development of 

correlations was done to calculate the inner heat transfer 

coefficient of helical coil within certain error limit. 

Kharat et al. (2009) has done experiment on 

concentric helical coil heat exchanger to study the heat 

transfer rate and develop the heat transfer coefficient 

correlations. The effect of various operating variables like 

diameter of tube, gap between the concentric coils and coil 

diameter. The gap between concentric coils and tube diameter 

affects the heat transfer coefficients and results obtained by 

them suggests that with increase in coil gap results in the 

decrease of heat transfer coefficient and when tube diameter 

increase the heat transfer coefficient increases.  

Pawar et al. (2014) has done the experimental 

analysis by considering isothermal steady state as well as 

non-isothermal unsteady state conditions for laminar as well 

as turbulent flow conditions in helical coils by considering 

Newtonian as well as non-Newtonian fluid as the working 

fluid. The Newtonian fluid considered is Glycerol-water 

mixture (10 and 20 % glycerol) and Non-Newtonian fluid. 

Considered is 0.5–1% (w/w) dilute aqueous polymer 

solutions of Sodium Carboxy Methyl Cellulose and Sodium 

Alginate is considered as Correlation was found out between 

Nusselt number, coil curvature ratio and Prandtl number.  

Lu et al. (2014) has done both numerical and 

experimental work on shell-side thermal hydraulic 

performance of multilayer spiral wound heat exchangers 

subjected to different thermal boundary conditions for the 

wall.  

A. Numerical Works 

Rennie et al. (2006) has done numerical analysis of double-

pipe helical heat exchanger. The heat exchanger was 

numerically investigated for laminar flow conditions for both 

parallel flow and counter flow configuration and heat transfer 

rate for different flow rates and tube size was also looked 

upon. The correlation between annulus Nusselt numbers and 

a modified Dean number was found. 

Huminic et al.(2011) has done numerical 

investigation on double tube helical coil heat exchangers heat 

transfer characteristics. Working fluid consider for heat 

exchanger was Nano fluids. CuO and TiO2 where used as 

Nano particles in the working fluid. They consider laminar 

flow condition in the heat exchanger. They suggested that 

concentration of Nano particle and Dean Number a function 

of curvature ratio affects the heat transfer rate and heat 



Study of Shell and Tube Heat Exchanger Design Using Computational Fluid Method (CFD): A Review 

 (IJSRD/Vol. 5/Issue 08/2017/096) 

 

 All rights reserved by www.ijsrd.com 354 

transfer coefficient in helical coil heat exchanger respectively 

and with the increase in Dean number the rate of heat transfer 

increases. 

Ferng et al. (2012) has done numerical investigation 

focussed on predicting the effect of dean number and pitch 

size of the tube on the hydraulic as well as thermal 

characteristics of helical coil heat exchanger. Three Dean 

Numbers and four pitch sizes where considered for the study. 

The secondary flow in the tube, developing flow, turbulent 

wake around the rear of coiled tube and heat transfer from 

entrance region was studied by them. 

Jahanmir et al. (2012) has done numerical 

investigation on shell and tube heat exchanger having single 

twisted tube bundle for five different twist angles and then 

compared the result obtained with the conventional shell and 

tube heat exchanger with single segmental baffles. The effect 

of shell side nozzles configuration on heat exchanger 

performance was also studied. The analysis of results 

explains that for same shell side flow rate, the heat transfer 

coefficient of heat exchanger with twisted tube bundle is 

lower than that of heat exchanger with segmental baffle. Heat 

exchanger shell side pressure drop with twisted tube bundle 

is also much lower compared to that of heat exchanger with 

segmental baffles. For heat exchanger with twisted tube 

bundle pressure drop reduces rapidly compared to that of 

single segmental baffle heat exchanger. In the range of 25o – 

65o twist angle the overall heat transfer coefficient and 

pressure drop was negligible. The maximum heat transfer rate 

for a given Pressure drop was corresponding to angles 55o 

and 65o. 

B. Experimental Works 

Enhancing the heat transfer by introducing helical tapes has 

been studied by, 

Eiamsa-ard et al. (2005) for straight tube. 

Experimentally they found that helical tape inserts in the 

inner tube of heat exchanger enhances the heat transfer rate 

by introducing swirl motion and the swirl motion induced will 

increase the turbulence and there by heat transfer. The effect 

of screw tapes with or without core rod on friction factor and 

heat transfer performance has been studied by Eiamsa-ard et 

al. (2006) experimentally. 

Jamshidi et al. (2013) has experimental work on 

shell and helical tube heat exchanger to enhance heat transfer 

in helical tube section hot water is flowing and cold water is 

flowing on the shell side. The determination of heat transfer 

coefficient was done using Wilson plots. Taguchi method was 

used to optimise the coil diameter, pitch of the coil and shell 

side flow rate. He found out that coil diameter of helical coil, 

coil pitch and tube side flow rate are the most relevant 

parameters in helical coil heat exchangers. From the 

experimental works it was found that coil pitch affect the 

Nusselt number and this caused due to fluid flow rate. The 

high value for tube side Nusselt number is obtained for lowest 

coil pitch and high tube side flow rate this is caused due to 

higher torsion occurring for lower pitches. 

III. GAPS IN LITERATURE 

So many works has been done on finding heat transfer 

coefficient in helical coil heat but no work has been found 

comparing the variation of Nusselt number for helical coil 

heat exchanger with and without baffle. 

IV. CONCLUSIONS 

The Main aim of this project is compare the value of Nusselt 

number with Reynolds number for helical coil heat exchanger 

with and without baffles. 

The case under consider are 

 Laminar flow in helical coil for different curvature ratio 

and with and without baffles for different flow rates of 

hot fluid. 

 Turbulent flow in helical coil for different curvature ratio 

and with and without baffles for different flow rates of 

hot fluid. 
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