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Heat Transfer 

In the majority of chemical processes heat is either given out or absorbed, and fluids must 

often be either heated or cooled in a wide range of plant, such as furnaces, evaporators, 

distillation units, dryers, and reaction vessels where one of the major problems is that 

of transferring heat at the desired rate. In addition, it may be necessary to prevent the 

loss of heat from a hot vessel or pipe system. The control of the flow of heat at the 

desired rate forms one of the most important areas of chemical engineering. Provided 

that a temperature difference exists between two parts of a system, heat transfer will take 

place in one or more of three different ways. 

Conduction. In a solid, the flow of heat by conduction is the result of the transfer of 

vibrational energy from one molecule to another, and in fluids it occurs in addition as a 

result of the transfer of kinetic energy. Heat transfer by conduction may also arise from 

the movement of free electrons, a process which is particularly important with metals and 

accounts for their high thermal conductivities. 

Convection. Heat transfer by convection arises from the mixing of elements of fluid. 

If this mixing occurs as a result of density differences as, for example, when a pool of 

liquid is heated from below, the process is known as natural convection. If the mixing 

results from eddy movement in the fluid, for example when a fluid flows through a pipe 

heated on the outside, it is called forced convection. It is important to note that convection 

requires mixing of fluid elements, and is not governed by temperature difference alone as 

is the case in conduction and radiation. 

Radiation. All materials radiate thermal energy in the form of electromagnetic waves. 

When this radiation falls on a second body it may be partially reflected, transmitted, or 

absorbed. It is only the fraction that is absorbed that appears as heat in the body. 

BASIC CONSIDERATIONS 
 Individual and overall coefficients of heat transfer 

 

In many of the applications of heat transfer in process plants, one or more of the 

mechanisms of heat transfer may be involved. In the majority of heat exchangers heat 

passes through a series of different intervening layers before reaching the second fluid. These 

layers may be of different thicknesses and of different thermal conductivities. 

The problem of transferring heat to crude oil in the primary furnace before it enters 

the first distillation column may be considered as an example. The heat from the flames 

passes by radiation and convection to the pipes in the furnace, by conduction through the 
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Heat transfer through a composite wall 

pipe walls, and by forced convection from the inside of the pipe to the oil. Here all three 

modes of transfer are involved. After prolonged usage, solid deposits may form on both 

the inner and outer walls of the pipes, and these will then contribute additional resistance 

to the transfer of heat. The simplest form of equation which represents this heat transfer 

operation may be written as: 

   Q=UAΔT………………………eq.1 

where Q is the heat transferred per unit time, A the area available for the flow of heat, 

AT the difference in temperature between the flame and the boiling oil, and U is known 

as the overall heat transfer coefficient (W/m2 K in SI units). 

At first sight, equation 1 .implies that the relationship between Q and AT is linear. 

Whereas this is approximately so over limited ranges of temperature difference for which 

U is nearly constant, in practice U may well be influenced both by the temperature 

difference and by the absolute value of the temperatures. 

If it is required to know the area needed for the transfer of heat at a specified rate, 

the temperature difference AT, and the value of the overall heat-transfer coefficient must 

be known. Thus the calculation of the value of U is a key requirement in any design 

problem in which heating or cooling is involved. A large part of the study of heat transfer 

is therefore devoted to the evaluation of this coefficient. 

The value of the coefficient will depend on the mechanism by which heat is transferred, 

on the fluid dynamics of both the heated and the cooled fluids, on the properties of the 
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materials through which the heat must pass, and on the geometry of the fluid paths. In 

solids, heat is normally transferred by conduction; some materials such as metals have 

a high thermal conductivity, whilst others such as ceramics have a low conductivity. 

Transparent solids like glass also transmit radiant energy particularly in the visible part 

of the spectrum. 

Liquids also transmit heat readily by conduction, though circulating currents are 

frequently set up and the resulting convective transfer may be considerably greater than 

the transfer by conduction. Many liquids also transmit radiant energy. Gases are poor 

conductors of heat and circulating currents are difficult to suppress; convection is therefore 

much more important than conduction in a gas. Radiant energy is transmitted with only 

limited absorption in gases and, of course, without any absorption in vacua. Radiation 

is the only mode of heat transfer which does not require the presence of an intervening 

medium. 

If the heat is being transmitted through a number of media in series, the overall heat 

transfer coefficient may be broken down into individual coefficients h each relating to a 

single medium. This is as shown in Figure 9.1. It is assumed that there is good contact 

between each pair of elements so that the temperature is the same on the two sides of 

each junction. 

If heat is being transferred through three media, each of area A, and individual coefficients 

for each of the media are h1, h2, and h3, and the corresponding temperature 

changes are ΔT1, ΔT2, and ΔT3  then, provided that there is no accumulation of heat 

in the media, the heat transfer rate Q will be the same through each. Three equations. 

analogous to equation 1, can therefore be written as: 
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Example 
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