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Chapter 1 gives an introduction regarding the drag reduction and the characteristics of helical pipe flow with and without heat
transfer including a brief summary of their applications in addition to the significance and motive of this study.

Chapter 2 presents an extended literature review of:

e the previous researches about the drag reduction additives ( polymers, surfactants and micro-bubbles) including their
applications and techniques

e numerical and experimental studies on flow and heat transfer performance through helical and curved pipes including the
flow pattern, influence of pipe geometry, flow and heat transfer in entry region and the non-Newtonian flow in curved and
helical pipes

Chapter 3 investigates the micro-bubbles generation method and measurements. In this chapter a brief introduction about the methods
of micro-bubbles generation was given before explaining the current micro-bubbles generator design. Two methods used for
measurements of bubble diameter and bubble concentration are also presented with an explanation of the major differences between
them. Finally, the results obtained from these measurements were provided and discussed.

In chapter 4, an experimental study of the micro-bubbles drag reduction in both straight and helical pipes was performed without the
presence of heat transfer and covering both laminar and turbulent flow regions. The effects of coil curvature, air fraction and flow
Reynolds number on friction factor and drag reduction ratio are reported. The results showed a significant effect of the micro-bubbles
on the friction factor and drag reduction of the water flow through straight and helical pipes, however the effect on straight pipe was
higher than that in helical pipe. The drag reduction was found to increase with the increase of air fraction and the decrease of coil
curvature.

Chapter 5 investigates the effect of the micro-bubbles presence in water flow through straight and helical pipes on both flow field and
heat transfer characteristics under the condition of constant heat flux. The friction factor and Nusselt number results were presented
for different test section geometries, void fractions and flow Reynolds number. The heat transfer coefficient was found to decrease as
well as the friction factor due to the presence of micro-bubbles in both straight and helical pipes. However, the reduction of heat
transfer coefficient was more significant than the reduction in friction factor. The results showed that the both the reduction in heat
transfer and friction factor increases with the increase in void fraction. It was also indicated that the secondary flow in the helical
pipes reduces the effect of micro-bubbles on both the friction factor and heat transfer coefficient.

Finally, chapter 6 provides the overall conclusions and some suggestions for future work.
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