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Abstract 

A common problem in industries is to extract maximum heat 

from a utility stream coming out of a particular process, and to 

heat a process stream. Heat transfer equipment is defined by 

the function it fulfills in a process. On the similar path, Heat 

exchangers are the equipment used in industrial processes to 

recover heat between two process fluids. The operating 

efficiency of these exchangers plays a very key role in the 

overall running cost of a plant. So the designers are on a trend 

of developing heat exchangers which are highly efficient, 

compact, and cost effective. Therefore the objective of present 

work involves study of refinery process and applies 

phenomena of heat transfer to a double pipe heat exchanger. 

Also studied the temperature, velocity profiles at different 

flow rates. 
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Introduction 

A heat exchanger is a device that is used to transfer thermal 

energy (enthalpy) between two or more fluids, between a solid 

surface and a fluid, or between solid particulates and a fluid, 

at different temperatures and in thermal contact. The objective 

may be to recover or reject heat, or sterilize, pasteurize, 

fractionate, distill, concentrate, crystallize, or control a 

process fluid. 

 In a few heat exchangers, the fluids exchanging heat 

are in direct contact. In many heat exchangers, the fluids are 

separated by a heat transfer surface, and ideally they do not 

mix or leak.  Such exchangers are referred to as direct transfer 

type, or simply recuperators. In contrast, exchangers in which 

there is intermittent heat exchange between the hot and cold 

fluids—via thermal energy storage and release through the 

exchanger surface or matrix are referred to as indirect transfer 

type, or simply regenerators.  

Common examples of heat exchangers are shell and 

tube exchangers, automobile radiators, condensers, 

evaporators, air preheaters, and cooling towers. If no phase 

change occurs in any of the fluids in the exchanger, it is 

sometimes referred to as a sensible heat exchanger.  

Classifications of heat exchangers: 

1.1.1 Based on Principles of Operation (Transfer process): 

- Recuperative Type (Direct Transfer) 

- Regenerative type (Storage) 

- Fluidized Bed Type 

1.1.2 Based on Fluid Flow Arrangement: 

- Counter flow 

- Parallel flow 

- Cross Flow 

- Single Pass Shell and Tube 

1.1.3 Based on Method of Heat Transfer and Constructional 

Features 

- Shell and Tube Heat Exchanger 

- Single Tube Heat Exchanger 

- Parallel Plate Heat Exchanger 

- External Heating Type 

- Heat Transfer without Surfaces 

- Extended Surfaces 

1.1.4 Based on application 

- Condenser, Cooler, Chiller, Evaporator, 

Vaporizer, Recoiled heater, Waste heat boiler 

etc. 

1.1.5 Special Types 

- Scrubber condenser 

- Froth- cooled heat exchanger 

- Plastic tube exchanger 

- Carbon block exchanger 

- Scrapped surface exchanger 

1.1.6 Double pipe heat exchanger 

 

Literature Survey 

For the past decades, several analyses of heat transfer and 

flow phenomena were carried out in components of heat 

exchanger tube side, shell side, fins, and baffles using 

numerical codes. The review is carried out on the literature 

available on heat exchanger. A review of previous works will 

highlight some of the drawbacks and challenges of obtaining a 

numerical solution of the flow.  

Behzadmehr et al., Low Reynolds number mixed 

convection in vertical tubes with uniform wall heat flux, 

International have established numerically the critical 

Grashoff numbers for transition from laminar to turbulent 

convection and relaminarization of fully developed mixed 

convection in a vertical pipe with uniform wall heat flux. The 

middle one corresponds to transition from laminar to turbulent 

conditions while the largest indicates the conditions for which 
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relaminarization takes place. 

A. E. Bergles et al., [2] reported an experimental investigation 

of enhanced tube side flow and heat transfer laminar flow 

conditions with the highly viscous Newtonian liquid, 

Polybutene 20. Experimental pressure drop and heat transfer 

data have been obtained for a plain tube, an internally finned 

tube, and a tube with a twisted-tape insert. Alam et al., [3] 

had numerically studied the optimization of heat transfer in 

circular tubes fitted with four identical longitudinal fins 

having tapered lateral profiles subjected to constant heat flux. 

The velocity profiles, friction factors and comparisons with 

respect to constant property solutions have also been 

discussed. 

 Bergles et al. [4] have reviewed the various passive 

and active techniques that are available for augmentation of 

laminar flow heat transfer. In particular, tubes with internal 

fins and twisted tape inserts show considerable promise for 

laminar flow applications. B.Yu et al. [5] have obtained 

experimentally the heat transfer and pressure drop 

characteristics between blocked tubes and unblocked tubes 

having a double-pipe structure, with the inner tube as an 

insertion and found that wave-like fins could enhance heat 

transfer significantly with the blocked case being superior. 

 Friedrich et al. [6] fabricated micro channels on 

metal foil using diamond machining techniques. The 

conclusuions of  this experiment are The trapezoidal channel 

shape, and thus the inverted trapezoidal land spacing between 

adjacent channels, degrades the performance of the device. 

With a rectangular, rather than a trapezoidal fin, an increased 

number of channels across a given heat exchanger width is 

easily obtainable. 

Ebru Kavak Akpinar [7] study explored the effect of 

different helical wires on the heat transfer, friction factor and 

dimensionless exergy loss in a double concentric pipe heat 

exchanger. The study concluded that heat transfer rates 

increased with decreasing pitch and with increasing helical 

number of the helical wires used in the experiments. Fabbri 

[8] has studied the problem of optimizing the geometry of 

internally finned tubes in order to enhance the heat transfer 

under laminar flow conditions. The velocity and temperature 

distributions on the finned-tube cross-section are determined 

with the help of a finite element model. 

Objective 

The objective of present work is based on design and thermal 

analysis of double pipe heat exchanger. The inner pipe is a 

suction pipe of the pump in which hot hydrocarbon flows and 

in outer annulus cold crude oil passes from opposite direction. 

The heat recovery from hot fluid is used to increase the 

temperature of cold fluid. Design was carried out based on the 

outlet temperature requirement of the cold fluid. With the help 

of computation fluid dynamics, the study and unsteady 

simulation was carried out for the designed heat exchanger 

and based on the simulation results, thermal analysis was 

carried out.  

Design Aspects of Present Heat Exchanger 

The thermal design is based upon a certain process 

parameters, the thermal and physical properties of the process 

fluids and the basic governing equations. Conventionally 

design method of heat exchanger is largely based on the use of 

empirical equations as well as experimental data which is 

available mostly in the form of graphs and chart.   

Salient Features of Heat Exchanger 

The heat exchanger considered for analysis here has the 

following parameters. 

Shell side.                

Type of fluid: crude oil.  

Inlet temperature =313K 

Outlet temperature =553K. 

Mass flow rate=0.320kg/s. 

Diameter of shell=0.3m. 

                Type of fluid: diesel oil. 

Tube side  

Inlet temperature =618K 

Outlet temperature =?. 

Mass flow rate=145.6kg/s. 

Specific gravity=0.874 

Tube inside diameter =0.2027m. 

Tube outside diameter=0.2191m. 

 

 
Fig 1:Heat exchanger 

 

 

CFD analysis of plain tube 

 
Heat exchanger without mesh 

 

 
Heat Exchanger with mesh 

 

 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V1Y-4VY2CFM-3&_user=1562135&_coverDate=10%2F31%2F2009&_alid=1372915448&_rdoc=1&_fmt=high&_orig=search&_cdi=5687&_docanchor=&view=c&_ct=73&_acct=C000053724&_version=1&_urlVersion=0&_userid=1562135&md5=7219a6753bc7af6b4c43fb560d959c44#bbib10
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Fig 2: Temperature variation on plane along the heat 

exchanger 

 

The temperature contours with respective magnitudes are 

shown in fig.4.3 the temperature on the Plane shows a small 

gain in temperature nearly 11 K, along the heat exchanger. So 

from the above fig the targeted temperature is not reached due 

to that reason chosen the circular fin with different material as 

wells as different thickness the analysis has been carried out. 

And here circular fin will act as baffle to guide the flow.    

Modeling and Mesh generation:  Model of the heat exchanger 

in discussion is a double pipe heat exchanger with circular 

fins along the heat exchanger. . The geometry was created in 

the GAMBIT. It also has the capability of handling direct 

CAD geometry inputs, geometry creation and editing, regions 

and zone definitions.   The geometry in the study is complex 

and so is divided into two parts for simplification in 

geometrical modeling and mesh generation, the shell section, 

and tube section. The geometry creation in the GAMBIT is a 

very tedious procedure. The geometry in the GAMBIT builds 

up by first creating the vertices, edges, faces and then the 

volumes. All these volumes are joined by defining interfaces 

at the common faces. The computational meshes for the heat 

exchanger domain were also created in the GAMBIT module. 

The HEXA module is a 3D object-based, semi-automatic, 

multi-block structured and unstructured, surface and volume 

mesher. In addition, the T-Grid of this software allows to 

easily creat complex grid topology. A validation of the mesh 

quality was performed and finally the output solver (.MSH) 

file was written.  

Numerical Method: 

 There are a number of different numerical methods which are 

used in CFD codes to solve the governing differential 

equations. One common approach is the finite volume 

technique.  The CFD code Fluent uses a control-volume-based 

technique to convert the governing equations to algebraic 

equations that can be solved numerically. Governing 

equations are solved sequentially (segregated solver). The 

CFD code solves the governing differential equations of 

turbulence in addition to the basic equations of motion. 

 
  Fig 3: Geometry of heat exchanger without mesh. 

 
Fig 4:Geometry of heat exchanger with mesh 

 

Results and Discussion 

     The present work involves the Numerical analysis of the 

heat exchanger with different materials with varying fin 

thickness and by changing the mass flow rates for cold fluid. 

Initially the simulation is carried out with mass flow rate 

0.320 kg/s and shifted to 0.220 and 0.120 kg/s. The analysis 

was carried out for steel, aluminum, and copper material for 

different thickness range of 0.002m to 0.005m in the interval 

of 0.001m and the simulations and results are discussed. 

These simulations are done as an attempt for analysis of heat 

transfer and flow phenomena in the shell side and tube side. 

The details of fin materials along with different thickness for 

comparison are presented in table. 

                 Table 1: Details of Comparative Study. 

Material/fin 

thickness 

Steel Aluminum Copper 

t1 0.002 0.002 0.002 

t2 0.003 0.003 0.003 

t3 0.004 0.004 0.004 

t4 0.005 0.005 0.005 

 

Comparison of materials 

 

 
(a) 

 
(b) 

 
(c) 

Fig 5: Temperature variation on fin along the heat exchanger. 

Steel, (b) Aluminum, (c) Copper 
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Pressure and velocity: 

The pressure is gradually decreasing from the inlet to the 

outlet of the heat exchanger For different thicknesses a little 

variation in pressure is observed. At outlet boundary condition 

the pressure is defined as zero so for that the initial pressure is 

high. The velocity is gradually decreasing at the wall 

boundary and it is maximum at the middle of the pipe and it 

slightly increases in velocity at the exit of the heat exchanger. 

 

Summary of results 

Table2: For Mass flow rate 0.320kg/s 

Sr  

no 

Thickness 

of fin (m) 

Temperature      

(k) 

Pressure 

(Pascal) 

Velocity(m/s) Heat 

transfer 

(W) 

1 0.002 526.65 37.65 0.14 167265.66 

2 0.003 528.38 38 0.14 168600.05 

3 0.004 529.72 38 0.14 169622.3 

4 0.005 530.72 38 0.14 170435.08 

(a) 

Sr  

no 

Thickness 

of fin (m) 

Temperature 

(k) 

Pressure 

(Pascal) 

Velocity(m/s) Heat 

transfer 

(W) 

1 0.002 538.39 37.7 0.14 176473.69 

2 0.003 539.76 38 0.14 177524.04 

3 0.004 540.55 38 0.14 178145.21 

4 0.005 541.07 38 0.14 178549.9 

(b) 

Sr 

no 

Thickness 

of fin (m) 

Temperature 

(k) 

Pressure 

(Pascal) 

Velocity(m/s) Heat 

transfer 

(W) 

1 0.002 540.46 38 0.14 178074.16 

2 0.003 541.39 37.8 0.14 178820.6 

3 0.004 541.88 38 0.14 179189.36 

4 0.005 542.21 37.8 0.14 179464.3 

(C) 

Variation of properties with different thickness 

(a) Steel (b) Aluminum (c) Copper 

Conclusions 

1. As we increase the fin thickness the temperature of 

the cold fluid at the outlet of the heat exchanger 

increases.  

2. We get high temperature profile at outlet in case of 

Aluminum and copper compared to steel material. 

3. There is very minor changes occur in the pressure 

and velocity profile with increase of fin thickness as 

well as change of material that is pressure and 

velocity doesn’t get much affected by thickness of 

fin and material of fin. 

4. The simulated outlet temperature is 543k which is 

very near to design outlet temperature 553k. There is 

less than 3% variation occurs than design value. 

Future Scope 

1. Optimization of fin thickness and material for a heat 

exchanger  

2. Experimentation thermal analysis of double pipe heat 

exchanger. 

3. Numerical analysis of double pipe heat exchanger 

using augmentation devices. 
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