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CHAPTER 1 

INTRODUCTION 

1-1  INTRODUCTION 

          Heat transfer enhancement techniques play a vital role in situations at 

which the heat transfer coefficients are generally low. Enhancement techniques 

may be classified as passive techniques, which do not required external power, 

and active techniques, which required external power. Passive techniques, 

where inserts are used in the flow passage to augment the heat transfer rate, are 

advantageous compared with active techniques, because the insert 

manufacturing process is simple and these techniques can be easily employed in 

an existing heat exchanger. In the design of compact heat exchangers, passive 

techniques of heat transfer augmentation can play an important role if a proper 

passive insert configuration can be selected according to the heat exchanger 

working conditions (both flow and heat transfer conditions). Passive techniques 

comprise the use of ribbed surfaces, extended surfaces, baffled flow, swirled 

flow, fluid additives and porous media. Active techniques include surface 

vibration, fluid vibration and injection. Primarily, there are three popular 

techniques to enhance heat transfer in channels. The first type is the boundary 

layer disturbance that is created by periodically placed ribs on the heat transfer 

surface. The second is the impinged cooling that uses high velocity jets to cool 

the surface of interest. The last one is the internal flow swirls or tape twisters 

that create a significant amount of bulk flow disturbance. 

          Heat exchangers have several industrial and engineering applications. The 

design procedure of heat exchangers is quite complicated, as it needs exact 

analysis of heat transfer rate and pressure drop estimations apart from issues 

such as long–term performance and the economic aspect of the equipment. The 

major challenge in designing a heat exchanger is to make the equipment 

compact and achieve a high heat transfer rate using minimum pumping power. 
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         Techniques for heat transfer augmentation are relevant to several 

engineering applications. In recent years, the high cost of energy and material 

has resulted in an increased effort aimed at producing more efficient heat 

exchange equipment. Furthermore, as a heat exchanger becomes older, the 

resistance to heat transfer increases owing to fouling or scaling. These problems 

are more common for heat exchangers used in marine applications and in 

chemical industries. In some specific applications, such as heat exchanger 

dealing with fluids of low thermal conductivity (gases and oils) and desalination 

plants, there is a need to increase the heat transfer rate. The heat transfer rate 

can be improved by introducing a disturbance in the fluid flow breaking the 

viscous and thermal boundary layers. 

          Heat transfer enhancement techniques for internal flow in annulus duct is 

more important for many practical applications include passages for internal 

cooling of turbine airfoils in gas turbine engines, double pipes heat exchangers , 

electronics air cooling, combustion chamber liners, as well as many other 

devices. The type of heat transfer augmenter is selected by considering the 

required enhancement level, available pressure ratio, cost and complexity. Most 

heat transfer augmentations methods affect the boundary layer, in such away 

that they make it thinner or partially break it. 

          Single phase heat transfer coefficients may be increased by artificially 

roughened surfaces, inlet vortex generators, vibration of the surface, application 

of electrostatic fields and modifications to the duct cross section and surface. 

Many of these techniques typically increase the heat transfer coefficient through 

a change in the flow patterns.  

          Enhanced tubes can be used for many applications, like evaporators, 

condensers of refrigeration plants and heat exchangers. A helical element on the 

surface is believed to enhance the convective heat transfer by introducing swirl 
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into the bulk flow and /or periodic disruption of the boundary layer at the tube 

surface due to repeated changes in the surface geometry. 

          Helical annuli are inexpensive, they can be easily employed to improve 

the thermal performance of the existing systems and reduce the required heat 

transfer surface area. Several geometric parameters such as the hydraulic 

diameter, helical wire diameter and helical wire pitch must be specified to 

define a spirally enhanced geometry completely. A change in any of these 

dimensions affects the flow and heat transfer characteristics of the tube. 

1-2 OBJECTIVES OF THE PRESENT WORK 

The main objectives of the present work is  to investigate experimentally 

and numerically the influence of  surface roughness resulted from wrapping 

helical wire on the outer surface of the inner pipe of  a horizontal annulus  and 

Reynolds number on the overall heat transfer and friction factor for turbulent 

flow through the annulus.  

1-3 OUTLINE OF THE THESIS 

The present study is to investigate experimentally and numerically the 

effect of using helical wires in the annulus side of double pipe heat exchanger. 

The thesis is divided into seven chapters. The first chapter is aimed to tie the 

thesis together. In Chapter 2, a comprehensive review about the methods of heat 

transfer enhancement is presented. The description of test rig and method of 

calculation are presented in Chapter 3. The description of physical problem, its 

mathematical model and the methodology of obtaining a numerical solution of 

the problem with FLUENT 6.2 as the code are given in Chapter 5. The results 

obtained from the present study are discussed in Chapter 4 and 6. The numerical 

and experimental results qualitatively agree well with each other. Chapter 7 

highlights the significant conclusions of the present study and introduces 

recommendations for further extension in this field.  

 


