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• The process of heat exchange between two fluids that are at different 
temperatures and separated by a solid wall occurs in many 
engineering applications. 

• The device used to implement this exchange is termed a heat 
exchanger, and specific applications may be found in space heating 
and air-conditioning, power production, waste heat recovery, and 
chemical processing.

• In this chapter our objectives are to introduce performance 
parameters for assessing the efficacy of a heat exchanger and to 
develop methodologies for designing a heat exchanger or for 
predicting the performance of an existing exchanger operating 
under prescribed conditions.
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INTRODUCTION
• Heat exchangers are typically classified according to flow 

arrangement and type of construction. 

• The simplest heat exchanger is one for which the hot and cold fluids 
move in the same or opposite directions in a concentric tube (or 
double-pipe) construction. 

• In the parallel-flow arrangement of Figure 11.1a, the hot and cold 
fluids enter at the same end, flow in the same direction, and leave at 
the same end. 

• In the counterflow arrangement of Figure 11.1b, the fluids enter at 
opposite ends, flow in opposite directions, and leave at opposite ends
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INTRODUCTION
• Alternatively, the fluids may move in cross flow (perpendicular to 

each other), as shown by the finned and unfinned tubular heat 
exchangers of Figure 11.2. 

• The two configurations are typically differentiated by an idealization 
that treats fluid motion over the tubes as unmixed or mixed. 

• In Figure 11.2a, the fluid is said to be unmixed because the fins 
inhibit motion in a direction (y) that is transverse to the main-flow 
direction (x). 

• In this case the fluid temperature varies with x and y. 

• In contrast, for the unfinned tube bundle of Figure 11.2b, fluid motion, 
hence mixing, in the transverse direction is possible, and temperature 
variations are primarily in the main- flow direction.
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INTRODUCTION
• Since the tube flow is unmixed, both fluids are unmixed in the finned 

exchanger, while one fluid is mixed and the other unmixed in the 
unfinned exchanger. 

• The nature of the mixing condition can significantly influence heat 
exchanger performance.

• Another common configuration is the shell-and-tube heat exchanger 
[1]. 

• Specific forms differ according to the number of shell-and-tube passes, 
and the simplest form, which involves single tube and shell passes, is 
shown in Figure 11.3. 

• Baffles are usually installed to increase the convection coefficient of the 
shell-side fluid by inducing turbulence and a cross-flow velocity 
component. 
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• In addition, the baffles physically support the tubes, reducing flow-

induced tube vibration. 

• Baffled heat exchangers with one shell pass and two tube passes and 
with two shell passes and four tube passes are shown in Figures 11.4a 
and 11.4b, respectively.

• A special and important class of heat exchangers is used to achieve a 
very large (≥400 m2/m3 for liquids and (≥ 700 m2/m3 for gases) heat 
transfer surface area per unit volume. 

• Termed compact heat exchangers, these devices have dense arrays of 
finned tubes or plates and are typically used when at least one of the 
fluids is a gas, and is hence characterized by a small convection 
coefficient. 
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• The tubes may be flat or circular, as in Figures 11.5a and 11.5b, c, 

respectively, and the fins may be plate or circular, as in Figures 11.5a, 
b and 11.5c, respectively. 

• Parallel-plate heat exchangers may be finned or corrugated and may 
be used in single-pass (Figure 11.5d ) or multipass (Figure 11.5e) 
modes of operation. 

• Flow passages asso- ciated with compact heat exchangers are 
typically small (Dh≤5 mm), and the flow is usually laminar.
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The Overall Heat Transfer Coefficient

The quantity 𝜂! in Equation 11.1 is termed the overall surface efficiency or 
temperature effectiveness of a finned surface. It is defined such that, for the 
hot or cold surface without fouling, the heat transfer rate is
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The Overall Heat Transfer Coefficient

If a straight or pin fin of length L (Figure 3.16) is used and an adiabatic tip is 
assumed, Equations 3.76 and 3.86 yield
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The Overall Heat Transfer Coefficient
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The Overall Heat Transfer Coefficient
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Analysis: Use of the Log Mean Temperature Difference

• To design or to predict the performance of a heat exchanger, it is 
essential to relate the total heat transfer rate to quantities such as the 
inlet and outlet fluid temperatures, the overall heat transfer coefficient, 
and the total surface area for heat transfer. 

• Two such relations may readily be obtained by applying overall energy 
balances to the hot and cold fluids, as shown in Figure 11.6. 

• In particular, if q is the total rate of heat transfer between the hot and cold 
fluids and there is negligible heat transfer between the exchanger and its 
surroundings, as well as negligible potential and kinetic energy changes, 
application of the steady flow energy equation, Equation 1.11d, gives
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The Parallel-Flow Heat Exchanger
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The Parallel-Flow Heat Exchanger
The energy balances and the subsequent analysis are subject to the following 
assumptions.
1. The heat exchanger is insulated from its surroundings, in which case the 
only heat exchange is between the hot and cold fluids.
2. Axial conduction along the tubes is negligible.
3. Potential and kinetic energy changes are negligible.
4. The fluid specific heats are constant.
5. The overall heat transfer coefficient is constant.

Applying an energy balance to each of the differential elements of Figure 11.7, 
it follows that

where Ch and Cc are the hot and cold fluid heat capacity rates, respectively.
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The Parallel-Flow Heat Exchanger
The heat transfer across the surface area dA may also be expressed as
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The Parallel-Flow Heat Exchanger
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For the Counterflow Heat Exchanger
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Special Operating Conditions
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For turbulent Flow inside a tube:

For the flow of the fluid through the annulus, the hydraulic diameter is:
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8.1.4 Pressure Gradient and Friction Factor in 
Fully Developed Flow
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Heat Exchanger Analysis: The Effectiveness–NTU Method
• It is a simple matter to use the log mean temperature difference (LMTD) method 

of heat exchanger analysis when the fluid inlet temperatures are known and the 
outlet temperatures are specified or readily determined from the energy balance 
expressions, Equations 11.6b and 11.7b. 

• The value of ∆Tlm for the exchanger may then be determined. 

• However, if only the inlet temperatures are known, use of the LMTD method 
requires a cumbersome iterative procedure. 

• It is therefore preferable to use an alternative approach termed the effectiveness–
NTU (or NTU) method.

where Cmin is equal to Cc or Ch, whichever is smaller.
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It is now logical to define the effectiveness, 𝜀, as the ratio of the actual heat 
transfer rate for a heat exchanger to the maximum possible heat transfer rate:
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where Cr is the 
heat capacity ratio 
Cr =Cmin/Cmax
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Heat Exchanger Design and Performance Calculations: Using 
the Effectiveness– NTU Method
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