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I. 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. 

Heat exchangers are of two types:- 

Where both media between which heat is 

exchanged are in direct contact with each other is 

Direct contact heat exchanger,   Where both media 

are separated by a wall through which heat is 

transferred so that they never mix, Indirect contact 

heat exchanger. 

A typical heat exchanger, usually for higher 

pressure applications up to 552 bars, is the shell and 

tube heat exchanger. Shell and tube type heat 

exchanger, indirect contact type heat exchanger. It 

consists of a series of tubes, through which one of 

the fluids runs. The shell is the container for the 

shell fluid. Generally, it is cylindrical in shape with 
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Abstract: 
            Heat exchanger is a device used to transfer heat between one or more fluids. The fluids may be separated 

by a solid wall to prevent mixing or they may be in direct contact. They are widely used in space heating, 

refrigeration, air conditioning, power stations, chemical plants, petrochemical plants, petroleum refineries, 

natural-gas processing, and sewage treatment. These exchangers provide true counter-current flow and are 

especially suitable for extreme temperature crossing, high pressure, high temperature, and low to moderate 

surface area requirements. Our Hairpin Exchangers are available in single tube (Double Pipe) or multiple tubes 

within a hairpin shell (Multitude), bare tubes, finned tubes, U-tubes, straight tubes (with rod-thru capability), 

fixed tube sheets and removable bundle.  

In this thesis, different nano fluids mixed with base fluid water are analyzed for their performance in the hair pin 

heat exchanger. The nano fluids are Aluminium Oxide and Titanium carbide for two volume fractions 0.4, 0.5. 

Theoretical calculations are done determine the properties for nano fluids and those properties are used as inputs 

for analysis. 

3D model of the hair pin heat exchanger is done in CREO parametric software. CFD analysis is done on the hair 

pin heat exchanger for all nano fluids and volume fraction and thermal analysis is done in Ansys. 
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a circular cross section, although shells of different 

shape are used in specific applications. For this 

particular study shell is considered, which a one 

pass shell is generally. A shell is the most 

commonly used due to its low cost and simplicity, 

and has the highest log-mean temperature-

difference (LMTD) correction factor. Although the 

tubes may have single or multiple passes, there is 

one pass on the shell side, while the other fluid 

flows within the shell over the tubes to be heated or 

cooled. The tube side and shell side fluids are 

separated by a tube sheet. 

 

PERFORMANCE NOTES.  
 

• Ideal for applications that require high 

thermal performance and a compact 

footprint 

• True counter current flow allows for a close 

temperature approach between the shell side 

and tube side fluids, as well as a temperature 

cross 

• Removable bundles are available in two 

closure options, separated or common, for 

required cleaning on both the shell and tube 

sides 

• Non-removable bundles are the cost-

effective option when a fixed tubesheet 

design is feasible  

• Wide temperature differentials are handled 

without an expansion joint  

• Ease of maintenance with a long radius U-

bend  

• All connections are at one end of the heat 

exchanger  

• Sizes up to 60 in. (150 cm) in diameter and 

480 in. (1200 cm) in length  

• Materials include carbon steel, 300 series 

stainless steel, Duplex stainless steel, copper 

alloy, chrome-moly alloys, Hastelloy, 

Inconel, Monel, 254 SMO, alloy clad/weld 

overlay  

Designed and fabricated per ASME, TEMA, CRN, 

PED, CML 

II. LITERATURE SURVEY 

1. Hosseini et al (2007), they experimentally 

obtained the heat transfer coefficient and 

pressure drop on the shell side of a shell and 

tube heat exchanger for three different types 

of copper tubes (smooth, corrugated and 

with micro-fins). Corrugated and microfin 

tubes have shown degradation of 

performance at a Reynolds number below a 

certain value (NRe < 400). At a higher 

Reynolds number the performance of the 

heat exchanger greatly improved for 

microfinned tubes.  

2. Babu and Munawar (2007) discussed 

about the differential evolution strategies for 

optimal design of shell and tube heat 

exchanger.  

3. Zubair et al (2000) presents a simple 

probabilistic approach to characterize 

various fouling models that are commonly 

encountered in many industrial processes. 

These random fouling growth models are 

then used to investigate the impact on risk 

based thermal effectiveness, overall heat 

transfer coefficient and the hot and cold 

fluid outlet temperatures of a shell and tube 

heat exchanger. Probabilistic approach is 

used to characterize various fouling growth 

models in terms of the risk level p and 

scatter in growth rate of the process. 

4. Ajib (2005) developed new software for 

calculation, simulation and optimization of 

shell and tube heat exchangers. This 

program is able to predict the effects of 

baffle spacing, baffle cut, tube size, shell 

pass number, shell size, etc., on the average 

heat transfer coefficient, thermal 

performance and thermal efficiency of the 

shell and tube heat exchangers.  

5. Joydeep Barman and Ghoshal (2007) 
considered an optimum design problem for 

the different constraints involved in the 

designing of a shell-and-tube heat exchanger 

consisting of longitudinally finned tubes. A 

Mat lab simulation has been employed using 

the Kern’s method of design of extended 

surface heat exchanger to determine the 

behavior on varying the values of the 
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constraints and studying the overall 

behavior of the heat exchanger with their 

variation for both cases of triangular and 

square pitch arrangements, along with the

values of pressure drop. 

6. Picon Nufieza et al (1999) 

methods 15 for surface selection and design 

of plate fin heat exchangers by a 

thermohydraulic model where full 

utilization of pressure drop was taken as a 

design objective. 

III. Methodology: 

ADVANTAGES OF CREO PARAMETRIC 

SOFTWARE  
1. Optimized for model-based enterprises

2. Increased engineer productivity 

3. Better enabled concept design 

4. Increased engineering capabilities

5. Increased manufacturing capabilities

6. Better simulation 

7. Design capabilities for ad

manufacturing 

CREO parametric modules: 

• Sketcher 

• Part modeling 

• Assembly 

• Drafting  

 

 

Dimensions of designed double tube Hair

heat exchanger: 

Outer pipe specification Inner tube specification
Copper tube of U bends 

I.D. of shell= 19.05 mm 

I.D. of tube = 8.4 mm 

Copper tube of U bends 

I.D. of shell= 19.05 mm 

I.D. of tube = 8.4 mm 

O.D. of shell = 22 mm O.D. of tube = 9.5 mm

Center to center distance is taken 

Wall thickness= 0.55 mm 

127 

1.5 - 1.8 times of outer dia. ofshell. 

Thermal conductivity of wall= 385 w/m2K

Length of each G.I. pipe = 
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constraints and studying the overall 

behavior of the heat exchanger with their 

variation for both cases of triangular and 

square pitch arrangements, along with the 

 have given 

methods 15 for surface selection and design 

of plate fin heat exchangers by a 

thermohydraulic model where full 

utilization of pressure drop was taken as a 

ADVANTAGES OF CREO PARAMETRIC 

based enterprises 

 

Increased engineering capabilities 

Increased manufacturing capabilities 

Design capabilities for additive 

Dimensions of designed double tube Hair-pin 

Outer pipe specification Inner tube specification 

O.D. of shell = 22 mm O.D. of tube = 9.5 mm 

l= 385 w/m2K 

22.86cm 

Effective length of copper tube through which heat 

transfer could take place= 45cm

Total length of the copper tube = straight part

(51cm) + U-shaped bend part (9cm) =60cm

 

3d model of pin insert heat exchanger 

 

 

 

 

 

IV. Results and discussions: 

ALUMINUM OXIDE NANO FLUID

VOLUME FRACTION - 0.4 
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Effective length of copper tube through which heat 

transfer could take place= 45cm 

Total length of the copper tube = straight part 

shaped bend part (9cm) =60cm 

3d model of pin insert heat exchanger  

 

 

 

ALUMINUM OXIDE NANO FLUID 
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STATIC PRESSURE 

 
 
According to the above contour plot, the maximum 

static pressure inside of the heat exchanger tubes 

because the applied the boundary conditions at inlet 

of the heat exchanger tubes and minimum static 

pressure at the shell and tube heat exchanger casing.

According to the above contour plot, the 

maximum pressure is 3.79e-02Pa and minimum 

static pressure is -9.67e-03Pa. 
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According to the above contour plot, the maximum 

static pressure inside of the heat exchanger tubes 

because the applied the boundary conditions at inlet 

of the heat exchanger tubes and minimum static 

pressure at the shell and tube heat exchanger casing. 

According to the above contour plot, the 

02Pa and minimum 

VELOCITY MAGNITUDE 

 
According to the above contour plot, the maximum 

velocity magnitude of the heat exchanger at hot 

fluid inlet and minimum velocity magnitude at cold 

fluid outlet. 

According to the above contour plot, the 

maximum velocity is 6.31e-03m/s and minimum 

velocity is 3.15e-04m/s. 

 

HEAT TRANSFER CO-EFFICIENT

According to the above contour plot, the maximum 

heat transfer coefficient of the heat exchanger at 

inside the tubes and minimum heat transfer 

coefficient inside the heat exchanger casing. 

According to the above contour plot, the maximum 

heat transfer coefficient is 6.61e+02w/m

minimum heat transfer coefficient is 

3.31e+01w/m
2
-k. 
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According to the above contour plot, the maximum 

velocity magnitude of the heat exchanger at hot 

fluid inlet and minimum velocity magnitude at cold 

According to the above contour plot, the 

03m/s and minimum 

EFFICIENT 

 
According to the above contour plot, the maximum 

heat transfer coefficient of the heat exchanger at 

inside the tubes and minimum heat transfer 

heat exchanger casing. 

According to the above contour plot, the maximum 

heat transfer coefficient is 6.61e+02w/m
2
-k and 

minimum heat transfer coefficient is 
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MASS FLOW RATE 

HEAT TRANSFER RATE 

 
VOLUME FRACTION - 0.5 

STATIC PRESSURE 

 
VELOCITY MAGNITUDE 
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HEAT TRANSFER CO-EFFICIENT

MASS FLOW RATE 

HEAT TRANSFER RATE 

V. CONCLUSION 
In this thesis, different Nano fluids mixed with base 

fluid water are analyzed for their performance in 

the hair pin heat exchanger. The Nano fluids are

Aluminum Oxide for two volume fractions 0.4, 0.5. 
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In this thesis, different Nano fluids mixed with base 

fluid water are analyzed for their performance in 

the hair pin heat exchanger. The Nano fluids are 

Aluminum Oxide for two volume fractions 0.4, 0.5. 
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Theoretical calculations are done determine the 

properties for Nano fluids and those properties are 

used as inputs for analysis. Pin inserted Heat 

Exchangers are available in single tube. By 

observing the CFD analysis results the heat transfer 

rate value more at titanium carbide volume fraction 

0.4.  
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