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Abstract— 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. 

Heat exchangers are important engineering devices in many process industries since the efficiency and economy of the 

process largely depend on the performance of the heat exchangers. The present work is directed towards the modeling of shell 

and tube parallel flow heat exchanger in SOLIDWORKS 2014 and setting up of flow simulation in SOLIDWORKS by 

inserting boundary conditions, running the calculations, inserting surface parameters, using cut plots and flow trajectories to 

visualize the resulting flow field. Finally compared the flow simulation results with effectiveness-NTU method. There is a 

difference of 7.3% of flow simulation results with effectiveness NTU method. 
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I. 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. In heat 

exchangers, there are usually no external heat and work interactions. Typical applications involve heating or cooling of a fluid 

stream of concern and evaporation or condensation of single-or multi component fluid streams. In other applications, the 

objective may be to recover or reject heat, or sterilize, pasteurize, fractionate, distill, concentrate, crystallize, or con¬trol a 

process fluid. In a few heat exchangers, the fluids exchanging heat are in direct contact. In most heat exchangers, heat transfer 

between fluids takes place through a separating wall or into and out of a wall in a transient manner. 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 recuperate. In con¬trast, 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. Such exchangers usually have fluid leakage from one fluid stream to the other, 

due to pressure divergences and matrix rotation/valve switching. 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. There could be internal thermal 

energy sources in the exchangers, such as in electric heaters and nuclear fuel elements. 

A. Literature Survey 

The development of fluid flow and temperature profiles of a fluid after undergoing a sudden change in wall temperature is 

dependent on the fluid properties as well as the temperature of the wall. This thermal entrance problem is well known as the 

Graetz Problem. From reference [1] for incompressible Newtonian fluid flow with constant ρ and k,The velocity profile can 

also be developing and can be used for any Prandtl number material assuming the velocity and temperature profiles are 

starting at the same point [2]. For the original Graetz problem, Poiseuille flow was assumed and equation was used to 

describe the fully developed velocity field of the fluid flowing through the constant wall temperature tubing. Analyzing the 

paper from Sellars [3] where he extends the Graetz problem, this equation for velocity is also used. For the purposes of this 

paper and the use of the finite element program, a constant value for the inlet velocity was used. This means a modified 

Graetz problem was introduced and analyzed. In the cases studied, engine oil was assumed to be flowing through the inner 

pipe which was made of copper and cooled by the outer concentric pipe in which water was flowing. Material properties such 

as dynamic viscosity, density, Prandtl number, and thermal conductivity were obtained from reference [4]. Graetz found a 

solution in the form of an infinite series in which the eigenvalues and functions satisfied the Sturm-Louiville system. While 

Graetz himself only determined the first two terms, Sellars, Tribus, and Klein [5] were able to extend the problem and 

determine the first ten eigenvalues in 1956. Even though this further developed the original solution, at the entrance of the 

tubing the series solution had extremely poor convergence where up to 121 terms would Mnotwould Mnot make the series 

converge. Schmidt and Zeldin[6] in 1970 extended the Graetz problem to include axial heat conduction and found that for 

very high Peclet numbers (Reynolds number multiplied by the Prandtl number) the problem solution is essentially the original 

Graetz problem. Hwang et al [7] measured pressure drop and heat transfer coefficient in fully developed laminar pipe flow 

using constant heat flux conditions. Based on the experimental results they showed that the experimental friction factor was in 

good agreement with the theoretical predictions using the Darcy equation. Bianco et al [8] observed only amaximum of 11% 

difference between single and two phase results for the laminar regime. 

Akbari et al [9] for the first time compared three different two phase models and the single phase model in the 

laminar regime. Single and two phase models were found to be predicting identical hydrodynamic fields but very different 

thermal ones. The expression defining the velocity distribution in a pipe flow across turbulent flow is derived and 
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demonstrated in Bejan, “Convective heat transfer coefficient”,1994 . Hydro dynamically developed flow is achieved in a pipe 

after a certain length i.e. entrance length Le , where the effect of viscosity reaches the centre of pipe. At this point the velocity 

assumes some average profile across the pipe which is no longer influenced by any edge effects arising from the entrance 

region. The flow of real fluids exhibit viscous effects in pipe flow. Here this effect is identified for turbulent flow conditions 

.A closer look at all the experimental and numerical works reveals that most of the forced convective heat transfer studies in 

pipe flow have been done with constant wall flux boundary condition. So in this work, a systematic computational fluid 

dynamic investigation with constant wall temperature Boundary condition has been carried out adopting the single phase 

approach in the turbulent regime and the results are compared with the analytical and numerical results available in the 

literature. 

II. PROBLEM STATEMENT 

The double pipe heat exchanger is used in industry such as condenser for Chemical process and cooling fluid process. This 

double pipe heat exchanger is designed in a large size for large application in industry. To make this small double pipe heat 

exchanger type become practicality, the best design for this small double pipe heat exchanger is choose. Heat transfer is 

considered as transfer of thermal energy from physical body to another. Heat transfer is the most important parameter to be 

measured as the performance and efficiency of the concentric tube heat exchanger. By using CFD simulation software, it can 

reduces the time and operation cost compared by Analytical calculations in order to measure the optimum parameter and the 

behaviour of this type of heat exchanger. 

A. Double Pipe Heat Exchanger 

This exchanger usually consists of two concentric pipes with the inner pipe plain or finned, as Shown in figure. One fluid 

flows in the inner pipe and the other fluid flows in the annulus between pipes in a counter flow direction for the ideal highest 

performance for the given surfacearea. However, if the application requires an almost constant wall temperature, the fluids 

may Flow in a parallel flow direction. This is perhaps the simplest heat exchanger. Flow distribution is no problem, and 

cleaning is done very easily by disassembly. 

 
Fig. 1: 

 
Fig. 2: 

III. INTRODUCTION TO SOLIDWORKS 

SOLIDWORKS mechanical design automation software is a feature-based parametric solid modeling design tool which 

advantage of the easy to learn windows graphical user interface. We can create fully associate 3-D solid models with or 

without while utilizing automatic or user defined relations to capture design intent.Parameters refer to constraints whose 

values determine the shape or geometry of the model or assembly. Parameters can be either numeric parameters, such as line 

lengths or circle diameters, or geometric parameters, such as tangent, parallel, concentric, horizontal or vertical, etc. Numeric 

parameters can be associated with each other through the use of relations, which allow them to capture design intent.Design 

intent is how the creator of the part wants it to respond to changes and updates. For example, you would want the hole at the 

top of a beverage can to stay at the top surface, regardless of the height or size of the can. Solid Works allows you to specify 

that the hole is a feature on the top surface, and will then honor your design intent no matter what the height you later gave to 

the can several factors contribute to how we capture design intent are Automatic relations  Equations added relations and 

dimensioning.Features refer to the building blocks of the part. They are the shapes and operations that construct the part. 

Shape-based features typically begin with a 2D or 3D sketch of shapes such as bosses, holes, slots, etc. This shape is then 
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extruded or cut to add or remove material from the part. Operation-based features are not sketch-based, and include features 

such as fillets, chamfers, shells, applying draft to the faces of a part, etc. 

A. Modeling Of Concentric Tube Heat Exchanger 

As per the dimensions the modeling of the concentric tube is done and its various views are shown in above diagram 

 
Fig. 3: 

IV. FLOW SIMULATION 

A. Solidworks Flow Simulation Introduction 

SolidWorks Flow Simulation 2010 is a fluid flow analysis add-in package that is available for SolidWorks in order to obtain 

solutions to the full Naiver-Stokes equations that gave the motion of fluids. Other packages that can be added to SolidWorks 

include SolidWorks Motion and SolidWorks Simulation. 

 
Fig. 4: 

Figure: Flowchart for fluid flow analysis using Solidworks Flow Simulation. In this flow simulation of double pipe 

exchanger heat transfer will occur between the hot inner tube flow and the colder outer flow in the shell. The shell has a wall 

thickness of 10mm and an inner diameter of 32mm where as the tube is 2mm thick and has an outer diameter of 19mm.The 

mass flow rate of water in the shell is 0.8kg/s with an inlet temperature of 283.2k and the mass flow rate of water in tube is0.2 
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kg/s at an inlet temperature of 343.2k. The temperature distributions along the shell and tube will be shown from flow 

simulation results. 

B. Result and Discussions 

The observations of CFD simulation results are discussed below for the given boundary conditions. To determine the best 

design for double pipe heat exchanger type. Results will be analysed using solid works flow simulation 

FLUIDS ARE ACETONE AND ETHANOL AS HOT  

FLUID AND WATER AS COLD FLUID 

 
Fig. 5: 

 
Fig. 6: 

 
Fig. 7: 

The above figures are the cutplots that are formed after the simulation process of acetone as hot fluid with the 

aluminium as the solid material. 



 
CFD Analysis of Double Pipe Parallel Flow Heat Exchanger 

 (IJSRD/Conf/RTIME/2016/023) 

 

 
131 

 
Fig. 8: 

 
Fig. 9: 

 
Fig. 10: 

 
Fig. 11: 
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Fig. 12: 

 
Fig. 13: 

 
Fig. 14: 

 
Fig. 15: 
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Fig. 16: 

 
Fig. 17: 

 
Fig. 18: 
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Fig. 19: 

 
Fig. 20: 

 
Fig. 21: 
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Fig. 22: 

 
Fig. 23: 

 
Fig. 24: 

 
Fig. 25: 

V. CONCLUSION AND FUTURE SCOPE DISCUSSION 

The design and CFD analysis on shell and tube heat exchanger has been done and the results were compared with the 

effectiveness NTU method. We had observed a considerable amount of deviation from the actual value to the value that is 

obtained in the simulation. 

This project has further developments like considering different types of flows like cross, parallel and counter flow. 

And also here we have considered that the radiation and convection losses as zero where as in practical situations they will 

exist so this project can be further extended in that path.Since the significance of various design soft wares is increasing day 
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by day this project can be executed in any kind of design soft wares like PRO-E and CATIA. But Since the SOLID WORKS 

platform is user friendly we opted for this software. 
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