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Abstract 

Shell and Tube Heat Exchanger (STHE) has its own importance in the industrial applications .The 

improvement of efficiency of the STHE using different design modifications in the shell side results 

in increase of overall efficiency. In that view, Numerical simulations are carried for a shell and tube 

heat exchanger for optimum design of baffle. Numerical analysis are conducted on shell and tube 

heat exchanger with number of baffles (No baffle, 1, 2, 3, 4, 5 and 6), different baffle cuts ( 10 %, 20 

%, 30 %, 40 % and 50 % along the diameter of baffle) and different baffle inclinations ( 100, 200, 

300,and 400) At different mass flow rates of water and glycerin are utilized to calculate heat transfer 

rate and pressure drop variations in shell side of STHE with different baffle modifications. From 

numerical analysis among all number of baffle arrangements 4 baffle arrangement gives better 

results and that are 387.03 watts and 0.439891 Pascal’s. Keep that 4 number of baffles are constant 

and calculate thermal performance at altered baffle cuts. At 4 baffle arrangement 30 % baffle cut 

along the diameter gives better results and that are 390.05 watts and 0.5808 Pascal’s Finally keep 4 

baffle arrangement and 30 % baffle cut are constant and different baffle inclinations are considered 

to evaluate heat transfer rate and pressure drop of STHE. From the above results it is concluded that 

shell and tube heat exchanger with 4 number of baffles, 30 % baffle cut and 400 baffle inclination 

gives better heat transfer rate at lesser pressure drop and these are 555.84 watts and 0.19254 Pascal’s.  
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1.Introduction :Heat exchangers are one of 

the mostly 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 cooling, heating, condensation, 

boiling or evaporation will require a heat 

exchanger for these purpose. Process fluids, 

usually are heated or cooled before the process 

or undergo a phase change. Different heat 

exchangers are named according to their 

application. For example, heat exchangers 

being used to condense are known as 

condensers, similarly heat exchanger for 

boiling purposes are called boilers. 

Performance and efficiency of heat exchangers 

are measured through the amount of heat 

transfer using least area of heat transfer and 

pressure drop. A better presentation of its 

efficiency is done by calculating over all heat 

transfer coefficient. Pressure drop and area 

required for a certain amount of heat transfer, 

provides an insight about the capital cost and 

power requirements (Running cost) of a heat 

exchanger. Usually, there is lots of literature 

and theories to design a heat exchanger 

according to the requirements. M. 

Thirumarimurugan T.Kannadasan and 

E.Ramasamy [1] have investigated heat 

transfer study on a solvent and solution by 

using Shell and Tube Heat Exchanger. In 

which Steam is taken as the hot fluid and 

Water and acetic acid-Water miscible solution 

taken as cold fluid. A series of runs were made 
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between steam and water, steam and Acetic 

acid solution .The flow rate of the cold fluid is 

maintained from 120 to 720 lph and the 

volume fraction of Acetic acid is varied from 

10-50%. Experimental results such as 

exchanger effectiveness, overall heat transfer 

coefficients were calculated. From the 

comparisons it can be said that the 

mathematical model developed and simulated 

using MATLAB and compared with the 

experimental values for the system is very 

close. Usman Ur Rahman [2] had investigated 

an un-baffled shell-and-tube heat exchanger 

design with respect to heat transfer coefficient 

and pressure drop by numerically modelling. 

The heat exchanger contained 19 tubes inside 

a 5.85m long and 108mm diameter shell. The 

flow and temperature fields are resolved using 

a commercial CFD package and it is 

performed for a single shell and tube bundle 

and is compared with the experimental results. 

Standard k- ε model is used first to get the 

flow distribution but it is not good for 

predicting the boundary layer separation and 

impinging flows. Thus the design can further 

be improved by creating cross-flow regions in 

such a way that flow doesn’t remain parallel to 

the tubes. It will allow the outer shell fluid to 

mix with the inner shell fluid and will 

automatically increase the heat transfer. Jian-

Fei Zhang, Ya-Ling He, Wen-Quan Tao [3] 

developed a method for design and rating of 

shell-and-tube heat exchanger with helical 

baffles based on the public literatures and the 

widely used Bell–Delaware method for shell-

and-tube heat exchanger with segmental 

baffles (STHXSB). The accuracy of present 

method is validated with experimental data. 

Four design cases of replacing original 

STHXsSB by STHXsHB are taken. In case 1 

comprehensive performance is greatly 

improved by using tube-core with 40 degree 

middle overlapped helical baffles, and the 

pressure drop is 39% lower and 16% decrease 

in heat transfer area. In case 2 the usage of 

tube-core with 40 deg middle overlapped 

helical baffles can reduce the over-all pressure 

drop by 46% and the heat transfer area is 13% 

lower. In case 3 pressure drop of the heat 

exchanger with 40 deg middle-overlapped 

helical baffles is equivalent, the heat transfer 

area reduced by 33%. Muhammad Mahmoud 

Salam Bhutta, Nasir Hayat, Muhammad 

HassanBashir,AhmerRaisKhan,KanwarNavee

d Ahmad, SarfarazKhani[4] , It focuses on the 

applications of Computational Fluid Dynamics 

(CFD) in the field of heat exchangers. It has 

been found that CFD employed for the fluid 

flow mal-distribution, fouling, pressure drop 

and thermal analysis in the design and 

optimization phase. Different turbulence 

models such as standard, realizable and RNG, 

k – ε, RSM, and SST k - ε with velocity-

pressure coupling schemes such as SIMPLE, 

SIMPLEC, PISO and etc. 25 . have been 

adopted to carry out the simulations. 

Conventional methods used for the design and 

development of Heat Exchangers are 

expensive. The simulations results ranging 

from 2% to 10% with the experimental 

studies. In some exceptional cases, it varies to 

36%. ŽarkoStevanović, GradimirIlić, 

NenadRadojković,MićaVukić,VelimirStefano

vić, GoranVučković [5] has developed an 

iterative procedure for sizing shell-and-tube 

heat Exchangers according to given pressure 

drop and the thermo-hydraulic calculation and 

the geometric optimization on the basis of 

CFD technique have been carried outThe 

optimization of flow distribution is an 

essential step in heat exchanger design 

optimization because an optimal flow 

distribution can result in a higher heat transfer 

rate and lower pressure drop. Ender Ozden, 

IlkerTari. [6] Has investigated the design of 

shell and tube heat exchanger by numerically 

modeling in particular the baffle spacing, 

baffle cut and shell diameter dependencies of 

heat transfer coefficient and pressure drop. 

The flow and temperature fields are resolved 

by using a commercial CFD package and it is 

performed for a single shell and single tube 

pass heat exchanger with a variable number of 

baffles and turbulent flow. By varying baffle 
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spacing between 6 to 12 , and the baffle cut 

values of 36%and 25% for 0.5 and 2kg/s flow 

rate ,the simulation results are compared with 

the results from the kern and Bell-Delaware 

methods. It is observed that the CFD 

simulation results are very good with the Bell-

Delaware methods and the differences 

between Bell-Delaware method and CFD 

simulations results of total heat transfer rate 

are below 2% for most of the cases. The 

novelty of this work is numerical investigation 

conducted on altered baffle numbers, baffle 

inclinations and baffle cuts to evaluate thermal 

performance of heat exchanger. 

2. Numerical Analysis  

The availability of affordable high 

performance computing hardware and the 

introduction of user-friendly interfaces have 

led to the development of commercial CFD 

packages. Before these CFD packages came 

into the common use, one had to write his own 

code to carry out a CFD analysis. All formal 

CFD software contain three elements (i) a pre-

processor, (ii) the main solver, and (iii) a post-

processor  

A. Pre-processor  

Pre-processing is the first step of CFD analysis 

in which the user  

(a) defines the modeling goals,  

(b) Identifies the computational domain, and  

(c) Designs and creates the grid system  

B. Processor  

The solver is the heart of CFD software. It sets 

up the equation set according to the options 

chosen by the user and meshes points 

generated by the pre-processor, and solves 

them to compute the flow field. The process 

involves the following tasks:  

• selecting appropriate physical model,  

• defining material properties,  

• prescribing boundary conditions,  

• providing initial solutions,  

• setting up solver controls,  

• set up convergence criteria,  

• solving equation set, and  

• saving results  

C. Post-processor  

The post-processor is the last part of CFD 

software. It helps the user to examine the 

results and extract useful data. The results may 

be displayed as vector plots of velocities, 

contour plots of scalar variables such as 

pressure and temperature, streamlines and 

animation in case of unsteady simulation. 

Global parameters like drag coefficient, lift 

coefficient, Nusselt number and friction factor 

etc. may be computed through appropriate 

formulas. These data from a CFD post-

processor can also be exported to visualization 

software for better display. 

3. Virtual models 

1. Supporting plates:  

Diameter = 100mm  

Pitch = 30mm  

Hole bundle geometry = Circular  

No. of Holes = 7  

Hole diameter = 20mm  

 
Fig.1 Designed CATIA model of supporting 

plates and tubes 

  

2. Normal Baffle:  

Baffle Diameter = 90mm  
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Baffle thickness = 2mm  

Baffle spacing = 86mm  

No. of Baffles = 6  

3.Inclined Baffle:  

Baffle Inclination = 30o  

Baffle Diameter = 90mm  

Baffle thickness = 2mm  

Baffle cut = 36%  

Baffle spacing = 87mm  

No. of Baffles = 6  

 

 
Fig.2 Designed CATIA model of Normal and 

inclined Baffle 

4. Shell:  

Shell inner Diameter = 90mm  

Shell Thickness = 5mm  

Shell Length = 600mm  

Fig.3 Designed CATIA model of Shell 

 
Fig.4 Designed CATIA model of Shell and 

tube Heat Exchanger 

 

4.Meshing  

Initially a relatively coarser mesh is generated. 

This mesh contains mixed cells (Tetra and 

Hexahedral cells) having both triangular and 

quadrilateral faces at the boundaries. Care is 

taken to use structured hexahedral cells as 

much as possible. 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, a 

fine mesh is generated. For this fine mesh, the 

edges and regions of high temperature and 

pressure gradients are finely meshed. 
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Fig.5 Meshed model of Shell and tube Heat 

Exchanger 

5.Cell Zone Conditions: In cell zone 

conditions, we have to assign the conditions of 

the liquid and solid. 

 
 

6.Boundary Conditions: Boundary 

conditions are used according to the need of 

the model. The inlet and outlet conditions are 

defined as velocity inlet and pressure outlet. 

As this is a counter-flow with two tubes so 

there are two inlets and two outlets. The walls 

are separately specified with respective 

boundary conditions. 34  

 

No slip condition is considered for each wall. 

Except the tube walls each wall is set to zero 

heat flux condition. The details about all 

boundary conditions can be seen in the table 

as given below 

 
The objective of this project is to evaluate the 

minimum pressure drop in shell side of Shell 

and Tube Heat Exchanger. Whenever pressure 

difference is more, it will causes for increasing 

of entrance velocity and discharge. Baffles are 

the main parameters which influence the 

pressure drop. These Baffles are optimized by 

using fluid flow analysis.  

7. Results And Discussions  

In this project we are calculate the shell side 

pressure drop of Shell and Tube Heat 

Exchanger by varying different types of 

baffles(without baffle, normal baffle, inclined 

baffle). From literature survey as compared to 

all baffles helical baffles gives lesser pressure 

drop, but the construction and insert the 

helical baffles in tubes are complicated. So 

here staggered baffle itself with some design 

modifications are considered to get lesser 

pressure drop in shell side of STHE. 

7.1 Effects of Heat Transfer & Pressure 

Drop In Without Baffle 

 

 Fig.6 Numerical result of Shell and tube Heat 

Exchanger 
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After doing all the analysis of without baffles, 

we can obtain the rate of heat transfer (Q) is 

348.1081 and pressure drop (P) is 0.313737. 

7.2 Effect of Heat Transfer & Pressure 

Drop in Number of Baffles 

In the process we can compare the results of 

with and without baffles, inserted baffles will 

give max rate of heat transfer at lower 

pressure drops  

While comparing 1, 2, 3, 4 baffles. 4thbaffle 

will give more rate of heat transfer at less 

pressure drops i.e (Q=387.03, p=0.439891). 

 

 Fig.7 Pressure variation of Shell and tube 

Heat Exchanger 

 
Fig.8 Temperature variation of Shell and tube 

Heat Exchanger 
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7.3 Effect of Heat Transfer & Pressure 

Drop In Baffle Cuts 

  

 
Fig.9 Numerical result of  Shell and tube Heat 

Exchanger 

 

 

In the process we can compare the results of 

4thbaffle and baffle cuts, baffles cuts will give 

max rate of heat transfer at lower pressure 

drops  

While comparing 10%, 20%, 30%, 40%, 

50%baffle cuts. 30%baffle cut will give more 

rate of heat transfer at less pressure drops i.e 

(Q=390.5,p=0.58). 

7.4 Effect Of Heat Transfer & Pressure  

Drop In Baffle Inclination 

 

In the process we can compare the results of 

30%baffle cut and baffle inclinations, baffles 

inclinations will give more rate of heat transfer 

at lower pressure drops  

While comparing 100, 200, 300,and 400 baffle 

inclinations. 400baffle inclination will give 

max rate of heat transfer at less pressure drops 

i.e. (Q =555.84, p=0.192541). 

 

 
  Fig.10  Numerical result of  Shell and tube 

Heat Exchanger 
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CONCLUSION  

Heat exchanger is a device used to transfer the 

thermal energy from one fluid to another fluid. 

The thermal performance of the STHE 

depends upon different design modifications 

in the shell side and tube side. The shell side 

flow mainly depends upon different baffle 

arrangements. In that view, Numerical 

simulations are carried for a shell and tube 

heat exchanger for optimum design of baffle. 

Numerical analysis are conducted on shell and 

tube heat exchanger with  

a) Number of baffles (No baffle, 1, 2, 3, 4, 5 

and 6)  

b) Different baffle cuts ( 10 %, 20 %, 30 %, 40 

% and 50 % along the diameter of baffle)  

c) Different baffle inclinations ( 100, 200, 

300,and 400)  

 

At different mass flow rates of water and 

glycerin are utilized to calculate heat transfer 

rate and pressure drop variations in shell side 

of STHE with different baffle modifications.  

From numerical analysis among all number of 

baffle arrangements 4 baffle arrangement 

gives better results and that are 387.03 watts 

and 0.439891 Pascal’s. Keep that 4 number of 

baffles are constant and calculate thermal 

performance at altered baffle cuts. At 4 baffle 

arrangement 30 % baffle cut along the 

diameter gives better results and that are 

390.05 watts and 0.5808 Pascal’s Finally keep 

4 baffle arrangement and 30 % baffle cut are 

constant and different baffle inclinations are 

considered to evaluate heat transfer rate and 

pressure drop of STHE. From the above 

results it is concluded that shell and tube heat 

exchanger with 4 number of baffles, 30 % 

baffle cut and 400 baffle inclination gives 

better heat transfer rate at lesser pressure drop 

and these are 555.84 watts and 0.19254 

Pascal’s. Numerical analysis is a powerful tool 

and it is used to evaluate thermal performance 

of STHE without conducting experimentation. 

By this way it reduces experimentation time 

and cost. 49 . 
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