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AC plant Chiller is considered as a shell-and-tube heat exchanger and generally applied in a water-cooled chiller. These days shell 

and tube heat exchanger (STHX) is the most common type of heat exchanger broadly used in marine ships, due to its high pressure 

application. The AC plants fitted on-board Marine ships consist of a Chiller i.e. parallel flow heat exchanger with baffles. It is 

important to improve the performance of a chiller so that the usage of electrical energy can be reduced while the quality of a 

product can be increased. The water is cooled by using refrigerant in this chiller. This project mainly deals with modeling the 

prototype of basic geometry of shell and tube heat exchanger using Solidworks and  meshing using simulation run using CFD 

package ANSYS. In this paper, by varying the number of baffles and different fluids they are water, R134a and R410a their 

performance of the chiller is studied. In this work, effect of the baffle spacing on the performance of a heat exchanger has been 

examined. Thermal and fatigue analysis is done in ANSYS for two materials Aluminum and Copper for better fluid at from CFD 

analysis. 
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1.INTRODUCTION 

In order to remove excess heat generated by different 

types of process, a chiller is needed. The chiller can 

produce chilled water to a process by removing the heat 

energy in the water that coming from a process. The 

chiller can be classified into two major types which are 

an air-cooled chiller and water-cooled chiller. The 

method of a water-cooled chiller to produce chilled 

water is using a shell-and-tube heat exchanger, which 

generally called as chiller barrel, to absorb the heat 

energy of the water through heat transfer into the 

refrigerant gas.  In this project, the performance of a 

chiller will be analyzed. By increasing the performance, 

which also known as the effectiveness of heat 

exchanger, in a chiller system process, the cost of the 

electrical energy will able to be reduced as well.  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 is 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 
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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.  

1.1. Factors Affecting the Performance of Shell and 

Tube Heat Exchanger 

For a given shell geometry, the ideal configuration 

depends on the baffle cut, the baffle spacing, and baffle 

inclination angle. Even after fixing the right baffle cut 

and baffle space the performance can be still improved. 

So it is very important to have an optimum baffle 

spacing to give minimum pressure drop. 

1.2. Heat Exchanger Failures 

Heat exchangers usually provide a long service 

life with little or no maintenance because they do not 

contain any moving parts. However, there are four 

types of heat exchanger failures that can occur, and can 

usually be prevented: mechanical, chemically induced 

corrosion, combination of mechanical and chemically 

induced corrosion, and scale, mud and algae fouling. 

Mechanical-These failures can take seven different 

forms: metal erosion, steam or water hammer, vibration, 

thermal fatigue, freeze-up, thermal expansion and loss 

of cooling water. 

 

2.LITERATURE REVIEW 

Hassab et.al[1] present a simulation model of air cooled 

condenser of reciprocating water chillers using R134a as 

a refrigerant at steady state condition which present 

generalize thermal design at different cooling load 

which include mathematical equation for heat transfer 

and pressure drop. 

Flohr et.al [2] investigated the influence of aluminum 

brazing process operating on R407C and POE lubricant. 

It shows that the presence of brazing flux residues has 

no negative influence on apparent running condition 

and the stability of refrigeration system on R407C and 

POE lubricant, even under worst condition such as the 

absence filter dryer and with artificially high moisture 

content. 

Jannick et.al[3] theoretically investigated the 

simultaneous capacity measurement and comparison of 

mechanical produced and brazed heat exchanger with 

identical dimension and design. In average, capacity 

improvement of 1.5% were measured for the aluminium 

brazed heat exchanger.  

Aute et al[4] studied how genetic algorithm is powerful 

tool to develop optimal tool design for air cooled 

condenser. This study uses two different ranking 

schemes, the multiple solutions thus obtained which is 

same quality; provide greater flexibility to designer, 

thereby leading to a better system. 

Jiang et al [5] introduced the genetic simulation and 

optimization tool for design of air cooled condenser, it 

shows the ratio of condenser capacity for the best 

performer i.e. R32 and the worst performer i.e. R600a, 

was 1.18. 

M.W Browne et.al [6] : This paper presents an overview 

of various simulation techniques that may be useful for 

predicting the in-situ (dynamic) performance of 

vapour-compression liquid chillers over a wide range of 

operating conditions. Four models were considered 

namely steady-state and transient physical models, and 

steady-state and transient neural network models. It 

was found that the steady-state models can give 

excellent results (to within ±5%) during quasi-static 

operation. However under more dynamic conditions 

discrepancies of up to ±20% can occur. They also have 

the obvious limitations during the shutdown process 

where they will either drastically overestimate the work 

input or under predict the cooling capacity depending 

on the choice of the convergence variable  

PK.Bansal et al. [7]: presents a steady-state moel or 

predicting the performance of vapour-compression 

liquid chillers over a wide range of operating 

conditions.. In particular, it employs an elemental 

NTU-e methodology to model both the shell-and-tube 

condenser and evaporator. The approach allows the 

change in heat transfer coefficients throughout the heat 

exchangers to be accounted for, thereby improving both 

physical realism and the accuracy of the simulation 

model. The model predicts the electrical work input to 

the compressor, and the coefficient of performance 

(COP), and the condenser capacity to within ±10% for 

the majority of operating conditions for both chillers. 

The model is also able to predict the refrigerant 

temperatures in the condenser and the evaporator to 

within ±1% for the majority of operating conditions. 

a) Problem Description 

In the research by R. Shankar Subramanian, the shell 

and tube heat exchanger is taken in the water with 

various temperatures. In this thesis, along with water,  

refrigerants (R134a and R410a) of the shell and tube heat 

exchanger is analyzed for heat transfer properties, 

temperature, pressure, velocity and mass flow rates in 

CFD analysis.  In thermal analysis, two materials 

Copper and Aluminum are considered for heat 

exchanger. Modeling is done in Solid works, Thermal, 

fatigue analysis and CFD analysis is done in ANSYS.  
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3.COMPUTATIONAL MODELLING   AND 

ANALYSIS 

A) MODELING  

Solid Works (stylized as SOLIDWORKS) is a strong 

modeling computer-aided layout (CAD) and 

laptop-aided engineering (CAE) computer application 

that runs on Microsoft Windows. Solid Works is 

published with the aid of Dassault Systems. 

Table: 1 Design Parameters 

PARAMETERS  VALUES  

Heat Exchanger length 495 mm  

Inner diameter of shell  200 mm  

Outer diameter of Tube  23 mm  

Inner diameter of Tube  19 mm  

No of tubes  5  

Baffles  to be varied  3, 6, 9  

 
Fig: 1 3D model of shell and tube heat exchanger. 

 
Fig: 2 3D model of shell and tube heat exchanger with 9 baffles 

 
Fig: 3. 3D model of shell and tube heat exchanger with 6 

baffles 

 
Fig: 4. 3D model of shell and tube heat exchanger with 3 

baffles 

 
Fig: 5 surface design of shell and tube heat exchanger with 3 

baffles 

 
Fig: 6 surface design of shell and tube heat exchanger with 6 

baffles 

 
Fig: 7. surface design of shell and tube heat exchanger with 9 

baffles 

B) ANALYSIS 

ANSYS is capable of both steady state and transient 

analysis of any solid with thermal boundary conditions.  

Steady-state thermal analyses calculate the effects of 

steady thermal loads on a system or component. Users 

often perform a steady-state analysis before doing a 

transient thermal analysis, to help establish initial 

conditions. A steady-state analysis also can be the last 

step of a transient thermal analysis; performed after all 

transient effects have diminished.  

C) MATERIALS AND PROPERTIES  

1. R-134a properties  

R134a is also known as Tetrafluoroethane (CF3CH2F) 

from the family of HFC refrigerant. It is now being used 

as a replacement for R-12 CFC refrigerant in the area of 

centrifugal, rotary screw, scroll and reciprocating 

compressors.  

•Density = 1326.6 kg/m3  

•Specific heat = 1043.0 j/kg/k 

•Thermal conductivity = 0.0042 w/m-k 

•Viscosity = 0.000279 kg/m-s 
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2. R410A Refrigerant is widely used as a refrigerant in 

many air conditioning applications, usually packaged in 

rose color cylinders.  

•Density = 1133 kg/m3  

•Specific heat = 1570.0 j/kg/k 

•Thermal conductivity = 0.055 w/m-k 

•Viscosity = 0.006 kg/m-s 

 

4.CFD ANALYSIS OF HEAT EXCHANGER 

The model is designed with the help of SOLID WORKS 

and then import on ANSYS for Meshing and analysis. 

The analysis by CFD is used in order to calculating 

pressure profile and temperature distribution. For 

meshing, the fluid ring is divided into two connected 

volumes. Then all thickness edges are meshed with 360 

intervals. A tetrahedral structure mesh is used. So the 

total number of nodes and elements is 8516 and 4414. 

 
Fig 8: Meshed model of Heat exchanger. 

CFD Boundary conditions  

Mass Flow Rate → 1.2Kg/s , Inlet Cold Temperature – 

283K and Inlet holt Temperature – 323K  

 
Fig 9: Static Pressure of Heat exchanger. 

 
Fig 10: Velocity of Heat exchanger. 

 
Fig 11: Heat transfer coefficient of Heat exchanger. 

 
Fig 12: Mass Flow Rate of Heat exchanger. 

 
Fig 13: Heat transfer rate of heat exchanger 

 

5.THERMAL ANALYSIS OF  SHELL AND TUBE 

HEAT EXCHANGER 

ANSYS can be used to determine temperatures, 

thermal gradients, heat flow rates, and heat fluxes in 

an object that are caused by thermal loads that do not 

vary over time. Thermal analysis is conducted on heat 

exchanger taking into account heat transfer 

coefficients from CFD analysis by adjusting the 

aluminum and copper materials. 

Boundary conditions  

Temperature – 323K 

Convection -1.20e+03 

 
Fig 14: Temperature of heat exchanger 

 
Fig 15: Heat flux of heat exchanger 

6.FATIGUE ANALYSIS SHELL AND TUBE HEAT 

EXCHANGER 

Fatigue analysis establishes whether your model is 

susceptible to fatigue damage when subjected to a 

varying load. You can use constant amplitude loading 

for situations in which the stress cycles are regular, such 

as a rotating shaft operating at a constant speed. 
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Fig 14: life of heat exchanger 

 

Fig 16: Damage of heat exchanger 

 

Fig 17: safety factor of heat exchanger 

7.RESULTS AND DISCUSSIONS 

1. CFD ANALYSIS 

In this CFD analysis the heat transfer rate was found by 

using the different refrigerants. 

Table: 1 CFD Analysis results of shell and tube heat 

exchanger

 
 

 
 

 

 

 

 

 

 

Graph: 1 plotted between heat transfer coefficient and 

different working fluids and number baffles 

Graph: 2 Fluids and Number of baffles Vs Pressure 

 
Taking into account the effects of the above CFD study, 

the coefficient of heat transfer is more for design with 9 

baffles. By comparing the results between fluids the 

heat transfer coefficient is higher for refrigerant 410a. 

2. Thermal analysis 

In this thermal analysis, the rate of heat transfer for 

different materials is shown below.  

Table: 3 Thermal analysis results shell and tube heat 

exchanger

 
Graph: 3 Materials and Number of baffles Vs Heat 

Flux 

 
By analyzing results, it is found that the heat flux is 

more for heat exchanger with 9 baffles. By comparing 
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the results between materials the heat transfer 

coefficient is higher for copper. 

3. Fatigue analysis 

Fatigue analysis used for estimate life, damage and 

safety factor of a component under static loading 

conditions. 

Table: 4 fatigue analysis results of shell and tube heat 

exchanger 

 
Graph: 4 Materials and Number of baffles Vs Damage

 
Graph: 5 Materials and Number of baffles Vs Safety 

factor 

 
By observing the Fatigue analysis results the Safety 

factor value more at copper material with 9 baffles 

when compared to other material and 3 and 6 baffles. 

 

8.CONCLUSION 

In this project, by varying the Number of baffles and 

different fluids they are water, R134a and R410a their 

performance in the chiller barrel. 3D model of the shell 

and tube heat exchanger is done in SOLIDWORKS. CFD 

analysis is done on the shell and tube heat exchanger for 

all fluids .thermal and fatigue analysis is done in 

ANSYS for two materials Aluminum and Copper for 

better fluid at from CFD analysis. 

By observing the CFD analysis results the heat transfer 

coefficient value more at R410a with 9 baffles when 

compared to other fluids and 3 and 6 baffles. 

By observing the Thermal analysis results the heat flux 

value more at copper material with 9 baffles when 

compared to other material and 3 and 6 baffles. 

By observing the Fatigue analysis results the Safety 

factor value more at copper material with 9 baffles 

when compared to other material and 3 and 6 baffles. 

So it can be concluded the R410a fluid and copper 

material is the better for shell and tube heat exchanger 

with 9 baffles. 
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