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Chapter (1) 

INTRODUCTION 

1-1 Introduction 

The fluid flow and the heat transfer in an annulus between two 

horizontal concentric cylinders have attracted considerable attention 

because of its wide engineering applications. Many investigations on 

convection heat transfer in enclosures have been reported in recent years 

because of the growing need for a better understanding of this phenomenon 

particularly in nuclear safety and electronic packaging. 

This process is of technological importance in the design of many 

thermal devices. The study of heat transfer in an annulus has direct 

industrial applications such as, heat transfer in turbo machineries, indoor 

climate, double glazed windows, thermal energy storage systems, heat 

exchanger device, solar collectors, nuclear reactor cooling as well as 

electrical and electronic component and underground electric transmission 

cables using pressurized gas ….. etc.  It can also be found in studies of more 

complicated systems such as heat transfer within the oceans and the 

atmosphere. Also pure scientific interests in the boundary layers, 

turbulence, of convective flows are found. Concentric annular pipe flow 

with rotation of the inner wall is often encountered in many engineering 

applications such as chemical mixing devices, turbo machinery, bearings, 

rotating-tube heat exchangers, the drilling of oil wells, rotating lid, with 

stationary or rotating cylinder, cooling of rotor-stator model, propulsion , 

engine and filtration.  

An obvious example of such equipment is the rotating electric motor 

which is heated by bearing friction losses and the ohmic dissipation of 

electric energy in the windings, and is cooled by the convection of heat 
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from the surface to the surrounding fluid. This process of heating and 

cooling of electric motor may induce uneven thermal stresses which can 

affect badly the useful life of this machine. In order to improve the design 

of such equipment and hence minimize possible failures, a better 

knowledge of heat transfer, and flow patterns inside the device is necessary. 

Mixture is produced by the flow of heat or material into one or more 

surfaces of the fluid volume, the system may become unstable to a 

convective flow which enhances the material and heat transport. There are 

many important examples of this type of flow in nature and technology. 

Finally, convection in fluid mixtures continues to be an important model 

system for the study of pattern formation in systems driven far from 

equilibrium. A fluid mixture is driven by mixed two or more fluid to 

produced a new flu id, as show in Fig (1-1).   

 

 

Fig (1-1) fluid mixture with rotating inner cylinder 
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Natural convection in eccentric annular space, has received more 

attention over the last few years. Natural convection heat transfer in 

eccentric annuli appears in many industrial situations. Such problems 

commonly occur within the electric and nuclear energy fields, as well as in 

solar energy and thermal storage systems. For example, the cooling of 

underground electric transmission cables is significantly affected by the 

position of the inner cable within the outer housing. Similarly, the cooling 

of nuclear fuel and target tube assemblies following irradiation must be 

carefully monitored in the event of assembly burnout due to inner tubular 

eccentricities. Likewise, natural convection cooling of casks containing 

nuclear waste can exceed thermal guidelines if positioning becomes overly 

eccentric. 

A rotating annulus is relevant to the co-rotating compressor or turbine 

disc cavities which found in gas turbine engines. A rotating air compressor 

is a device that converts electrical power or gas into kinetic energy by 

pressurizing and compressing air, as shown in Fig. (1-2).  

 

Fig. (1-2) Rotating Compressor with rotating inner cylinder 
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Rotating filter separator consists of a cylindrical porous membrane 

filter rotating within a concentric outer cylinder, as shown in Fig.(1-3). A 

suspension enters the annulus between the filter and the outer cylinder. The 

filtrate passes through the porous inner cylinder while the concentrate 

remains in the annulus. The fundamental basis for a rotating filter is the 

appearance of toroidal vortices in the annulus of the device.  

 

 

Fig. (1-3) filtration with rotating inner cylinder 

 

A rotating pump is a device used to move fluids, such as liquids or 

slurries. A pump displaces a volume by physical or mechanical action. A 

rotary pump is a positive-displacement pump. Rotating pumps fluid enters 

and exits along the same direction parallel to the rotating shaft, as shown in 

Fig (1-4). This leads to the volumetric flow rate being proportional to the 

rotation rate and to low levels of shearing being applied to the pumped 

fluid. Hence these pumps have application in fluid metering and pumping of 

viscous or shear sensitive materials. The principle of this pumping 

technique is frequently misunderstood. Often it is believed to occur due to a 

Circular Couette flow 
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dynamic effect caused by drag, or friction against the moving teeth of the 

screw rotor.  

  

 

Fig (1- 4) the rotating inner cylinder in rotating pump 

 

Annular two-phase air/oil flow occurs in a wide range of engineering 

applications. For example an aero engine transmission bearing chamber 

may consist of a stationary, predominantly annular, housing containing 

shafts and bearings rotating at high speed as well as stationary components 

show in figure (1-5). In such situations some of the oil, introduced into the 

chamber for lubrication and cooling, exists as films on the walls and the 

remainder is carried by the air in the form of drops. 

Natural convection in a horizontal annular porous layer heated from 

the inner surfaces and cooled from outer surface has become a subject 

receiving increasing attention due to its practical importance in the 

problems of insulators, such as ducting system in high temperature gas–
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cooled reactor, the storage system of thermal energy, underground cable 

system, etc. 

The investigating of laminar convection in an annulus with the 

rotating inner cylinder leads to a basic understanding of a fluid flow through 

the gap between rotating and stationary machine parts and improving the 

design of such equipment and hence minimizes possible failures. The 

electric machines are an example of such equipment in which the heat 

resulting from the iron and copper losses is conducted to the rotor surface 

where it is transferred to the air in the annular gap between the rotor and the 

stator. Therefore, the design of cooling systems for such types of electric 

machines in which heat is transferred by natural convection and radiation 

requires a knowledge of the hydrodynamic behavior of the free convection 

flow to limit the rotor temperature to less than the maximum permitted 

value. 

 

 

Fig. (1-5) section through the aero engine bearing chamber 
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1-2 The Outline of the thesis 

The thesis consists of six chapters and three appendices. 

 

Chapter 1 is an introduction to show the objectives and the main outlines 

of the present work. 

 

Chapter 2 includes the literature review of the previous investigations 

related to the present work and the suggested preliminary solutions for 

further investigations. Correlations for various stationary and rotating 

enclosures and factors affecting heat transfer are critically reviewed. 

 

Chapter 3 Experimental test rig which focuses on the experimental 

facilities and techniques used during the different runs in the present 

research. This chapter also contains a description of the test section used 

and the relevant such as instrumentation, electrical power supply, 

temperature recorder, amplitude of eccentricity, and rotation measurements. 

 

Chapter 4 present numerical results and discussion. The chapter 

focuses on the numerical techniques used during the course of the present 

research. Both the fluid flow and heat transfer characteristics at different 

operating and geometrical conditions are illustrated. Streamlines and 

isothermal contour lines are obtained from the CFD (Computational Fluid 

Dynamics) code with concentric and eccentric cylinders when annulus is 

stationary or rotating. 

 

Chapter 5 gives experimental result and discussion. This chapter 

includes analysis of the results of the heat transfer coefficient and its 

variation with concentricity and eccentricity for stationary or rotating 
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annuli. Comparisons of the present results with the available published data 

are also indicated. 

  

   Chapter 6 Conclusions and suggestions for future work:  the chapter 

summarizes the main findings and conclusions of results shown in the 

thesis. Recommendations and suggestions for future work are also given. 

 

The thesis ends with references as well as three different appendices. 


