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CHAPTER 1 

INTRODUCTION 

1.1 General 

The physical phenomenon of pool boiling heat transfer takes place 

when a working liquid is in contact with a surface maintained at a 

temperature above the saturation temperature of the working liquid. 

Boiling eventually occurs at the liquid-solid interface. The pool boiling 

process consists of three successive regions. Pool boiling occurs when the 

heating element is immersed in a pool of liquid having large dimensions 

and the velocity of the boiling liquid can be neglected.    Nucleate pool 

boiling is the most interesting region for industrial application especially 

in refrigeration and air conditioning systems. The main advantages of 

nucleate pool boiling systems lie in the large heat transfer rates which 

may be achieved with small temperature differences.  

 

1.2 Nucleate Boiling 

Nucleate boiling has been extensively used in industry in the view 

of the fact that it is one of the most efficient heat transfer modes, 

particularly in high energy systems, such as nuclear power plants and 

boilers used for steam power generation.  The boiling curve is as shown 

in Fig. (1.1). The nucleate boiling is the third region on the characteristic 

pool boiling curve. In nucleate boiling region, a thin layer of superheated 

liquid is formed adjacent to the heating surface where bubbles nucleate 

grow from spots on the surface.  
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Fig. (1.1) Characteristics of pool boiling curve 

 

Nucleate boiling is characterized by the formation of vapour 

bubbles from fixed sites arranged randomly on the heating surface. 

Consequently, the number of these sites per unit area is considered the 

active nucleation site density, which is the key parameter in nucleate 

boiling. 

  

(α = αmax) 
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In most of recent industries such as, refrigeration, air-conditioning, 

power generation and petrochemicals, nucleate pool boiling has 

widespread applications. Therefore the compact heat exchanger can be 

employed to allow efficient use of material and energy. The compact 

design of heat exchangers can be accomplished by enhancing nucleate 

pool boiling heat transfer coefficient. For this purpose, several active and 

passive techniques have been recommended to enhance the heat transfer 

coefficient.  

 

The major parameters that affecting the heat transfer coefficient 

during nucleate pool boiling conditions are the heat flux, saturation 

pressure and thermo-physical properties of the working fluid. Therefore, 

these factors have to be investigated. On the other hand, the rate of heat 

transfer is also related to the amount of energy transported per bubble 

emitted from each cavity.  It is clear that the effect of surface 

characteristics such as thermo-physical properties of the heating surface 

material, surface finish, and microstructure play an important role in the 

heat transfer characteristics during boiling. 

 

The mechanisms of pool boiling heat transfer have been intensively 

investigated to better understand the boiling phenomena, which include 

nucleation site characteristics, pool boiling regimes, critical heat flux, 

bubble growth, bubble departure diameter, bubble frequency and the 

development of physical models and correlations. Among these topics, 

there have been extensive and continuous efforts toward augmenting 

nucleate boiling heat transfer by means of surfaces with particular 

structures or plain surfaces covered with special porous matrices. The 

main efforts done by academic research, to provide the boiling 

phenomena understanding, industrial research and fabrication technology, 


