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HEAT EXCHANGERS
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FUNDAMENTALS OF CONVECTION
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Ernst Kraft Wilhelm Nusselt (1882–1957). This
photograph, provided by his student, G. Lück,
shows Nusselt at the Kesselberg waterfall in
1912. He was an avid mountain climber.
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Prandtl was educated at the Technical
University in Munich and finished his
doctorate there in 1900. He was given a
chair in a new fluid mechanics institute
at Göttingen University in 1904—the
same year that he presented his historic
paper explaining the boundary layer.
His work at Göttingen, during the
period up to Hitler’s regime, set the
course of modern fluid mechanics and
aerodynamics and laid the foundations
for the analysis of heat convection.
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Osborne Reynolds (1842 to 1912) Reynolds
was born in Ireland but he taught at the
University of Manchester. He was a significant
contributor to the subject of fluid mechanics in
the late 19th C. His original laminar-to
turbulent flow transition experiment, pictured
below, was still being used as a student
experiment at the University of Manchester in
the 1970s.
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Heat exchangers are devices that facilitate the exchange of heat between two fluids that are at different
temperatures while keeping them from mixing with each other. Heat exchangers are commonly used in
practice in a wide range of applications, from heating and air-conditioning systems in a household, to chemical
processing and power production in large plants.
Heat exchangers differ from mixing chambers in that they do not allow the two fluids involved to mix. In a car
radiator, for example, heat is transferred from the hot water flowing through the radiator tubes to the air
flowing through the closely spaced thin plates outside attached to the tubes.
Heat transfer in a heat exchanger usually involves convection in each fluid and conduction through the wall
separating the two fluids. In the analysis of heat exchangers, it is convenient to work with an overall heat
transfer coefficient U that accounts for the contribution of all these effects on heat transfer.
The rate of heat transfer between the two fluids at a location in a heat exchanger depends on the magnitude
of the temperature difference at that location, which varies along the heat exchanger. In the analysis of heat
exchangers, it is usually convenient to work with the logarithmic mean temperature difference LMTD, which is
an equivalent mean temperature difference between the two fluids for the entire heat exchanger.
Heat exchangers are manufactured in a variety of types, and thus we start this chapter with the classification
of heat exchangers. We then discuss the determination of the overall heat transfer coefficient in heat
exchangers, and the LMTD for some configurations. We then introduce the correction factor F to account for
the deviation of the mean temperature difference from the LMTD in complex configurations. Next we discuss
the effectiveness–NTU method, which enables us to analyze heat exchangers when the outlet temperatures of
the fluids are not known. Finally, we discuss the selection of heat exchangers.

HEAT EXCHANGERS



7–1 TYPES OF HEAT EXCHANGERS







7–2 THE OVERALL HEAT TRANSFER COEFFICIENT
A heat exchanger typically involves two flowing fluids separated by a solid
wall. Heat is first transferred from the hot fluid to the wall by convection,
through the wall by conduction, and from the wall to the cold fluid again by
convection. Any radiation effects are usually included in the convection heat
transfer coefficients.
The thermal resistance network associated with this heat transfer process
involves two convection and one conduction resistances, as shown in Figure
below. Here the subscripts i and o represent the inner and outer surfaces of
the

In the analysis of heat exchangers, it is convenient to combine all the thermal
resistances in the path of heat flow from the hot fluid to the cold one into a
single resistance R, and to express the rate of heat transfer between the two
fluids as



Above equation reduces to

Then above Eq. for the overall heat transfer coefficient
simplifies to



Fouling Factor

The performance of heat exchangers usually deteriorates with time as a
result of accumulation of deposits on heat transfer surfaces. The layer
of deposits represents additional resistance to heat transfer and causes
the rate of heat transfer in a heat exchanger to decrease. The net effect
of these accumulations on heat transfer is represented by a fouling
factor Rf , which is a measure of the thermal resistance introduced by
fouling. The most common type of fouling is the precipitation of solid
deposits in a fluid on the heat transfer surfaces. You can observe this
type of fouling even in your house. Another form of fouling, which is
common in the chemical process industry, is corrosion and other
chemical fouling. In this case.
The overall heat transfer coefficient relation given above is valid for
clean surfaces and needs to be modified to account for the effects of
fouling on both the inner and the outer surfaces of the tube. For an
unfinned shell-and-tube heat exchanger, it can be expressed as



EXAMPLE 7–1 Overall Heat Transfer Coefficient of a Heat Exchanger

Analysis The schematic of the heat exchanger is given in Figure . The
overall heat transfer coefficient U can be determined from Eq. Below:





EXAMPLE 7–2 Effect of Fouling on the Overall Heat Transfer Coefficient

The thermal resistance for an unfinned shell-and-tube heat
exchanger with fouling on both heat transfer surfaces is given by





7–3 ANALYSIS OF HEAT EXCHANGERS

A- parallel-flow double-pipe heat exchanger
energy balance on each fluid in a differential section of the heat exchanger
can be expressed as

The rate of heat transfer in the differential section of the heat exchanger
can also be expressed as
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Counter Flow Heat Exchanger
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Determine the area required in parallel flow heat exchanger to cool oil from 60oC to 30oC using
water available at 20oC. The outlet temperature of the water is 26oC. The rate of flow of oil is
10kg/s. The specific heat of the oil is 2200J/kg.K. The overall heat transfer coefficient U is
300W/m2.oC. Compare the area required for a counter flow exchanger.
Solution
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The flow rates of hot and cold water streams running through a parallel flow heat exchanger
are 0.25kg/s and 0.6kg/s respectively. The inlet temperatures on the hot and colds sides are
80oC and 30oC respectively. The exit temperature of hot water is 55oC. If the heat transfer
coefficients on both sides are 700W/m2oC, calculate the area of the heat exchanger.

the specific hat of water to be constant and is cc=ch=4180J/kg.oC

Solution
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The log mean temperature difference Tlm relation developed earlier is limited to
parallel-flow and counter-flow heat exchangers only. Similar relations are also
developed for cross-flow and multi pass shell-and-tube heat exchangers, but the
resulting expressions are too complicated because of the complex flow conditions.
In such cases, it is convenient to relate the equivalent temperature difference to the
log mean temperature difference relation for the counter-flow case as
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Heating of Glycerin in a Multipass Heat Exchanger
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