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Introduction

• Definition.

• In this introduction, the discussion will be limited to 
two common exchangers; namely, the double pipe 
exchanger and the shell-and-tube exchanger. 

• The double pipe is the simplest type of heat 
exchanger (H.E), while the shell-and-tube is the 
most widely used type of exchanger in the chemical 
process industries.

• H.E calculations includes two types of calculations. 



H.E Calculations

Thermal and 
hydraulic 

calculations

Mechanical 
calculations



Notes

• Thermal and hydraulic calculations are made to
determine heat-transfer rates and pressure drops
needed for equipment sizing.

• Mechanical design calculations are concerned with
detailed equipment specifications, and include
considerations such as stress and tube vibration
analyses.



Heat-exchanger Problems

H.E 
Problems

Rating Design

In a rating problem, one must determine whether a given, fully specified exchanger 
will perform a given heat-transfer duty satisfactorily.

In a design problem, one must determine the specifications for a heat exchanger that 

will handle a given heat-transfer duty.



Double-Pipe Equipment

Simple double-pipe exchanger  (one hairpin)

Concentric tube exchangers

counter-current flowparallel (or co-current) flow



characteristics of hairpin exchanger

• Batteries of hairpins connected in series or in
series-parallel arrangements are commonly
employed to provide adequate surface area for
heat transfer.

• The outer pipe may be insulated to minimize heat
transfer to or from the environment.

• Nozzles may be provided on the inner-pipe (tube)
side as well as on the annulus side to facilitate
connection to process piping.

• Multi-tube exchangers are also available in which
the inner pipe is replaced by a bundle of U-tubes,
as shown in the next slide.



Multi-tube hairpin exchanger



• Simple double-pipe exchangers are commercially
available with outer-pipe sizes ranging from 2 to 8
in. and inner pipes from 3/4 to 6 in.

• Multi-tube units with outer-pipe sizes as large as 36
in. are commercially available.

• Double-pipe exchangers are commonly used in
applications involving relatively low flow rates and
high temperatures or pressures, for which they are
well suited.

• Other advantages include low installation cost, ease
of maintenance, and flexibility.



Shell-and-Tube Equipment
• A shell-and-tube exchanger consists of a bundle of tubes 

contained in a cylindrical shell.

• Tubes could be fixed or removable. 

• Tube sheets are used to fix the tubes and to prevent fluids 
mixing. {See next slide} 

• A number of different head and shell designs are 
commercially available. See next slides



Tube sheet



TEMA 
designations 

for shell-
and-tube 

exchangers



Notes
The Tubular Exchanger Manufacturers Association (TEMA) employs a 
three-letter code to specify the front-end, shell, and rear-end types. 
For example, a floating-head type AES and fixed tube-sheet type BEM
exchangers are shown in the following figure.

(a) Type AES floating-head 
exchanger

(b) type BEM fixed-tube 
sheet exchanger with 

conical
rear head



Numbers for the previous figure (Also see text _ Serth).



• Shells are available with inside diameters in discrete sizes up to 
120 in. Shells up to 24 in. in diameter are generally made from 
steel pipes, while larger sizes are made from rolled steel plate.

• Tubes are available with sizes from 1/4 to 2 in. outside diameter. 
Finned tubing is also available. See the next slid for properties of 
steel pipes.



Properties of steel pipes (see the text 
for detail).



Tube layout

The tubes are arranged in the bundle according to
specific patterns. The most common are square
(90°), rotated square (45°) and equilateral triangle
(30°) as shown in the following Figure:

 The square and rotated square layouts permit
mechanical cleaning of the outsides of the tubes.

Question: Define Pitch and clearance. 



Equivalent diameter for shell side 



Baffles
• Baffles are a number of discs installed inside the 

shell side of the H.E.

• Used to support the tube bundle and to withstand 
vibrations and bending.

• Typical types are  

Segmental baffles



Baffles

Note: The baffles serve the function of

directing the flow of the shell-side fluid

across the tube bundle, thereby enhancing

the rate of heat transfer.



Tube and shell passes

• Tube side:
multiple passes are achieved by means of U-tubes or by

partitioning the headers.
The number of tube-side passes is usually one, two, four, or

six, but may be as high as 16.

• Shell side:
Multiple passes on the shell side are achieved by partitioning

the shell with a longitudinal baffle (type F-shell) or by
connecting two or more single-pass shells together.

number of shell-side passes is usually between one and six.

Notes: Sealing strips (metal strips attached to the baffles) are 
used to minimize the channeling of fluid between the outer 
row of tubes and the shell.





One shell pass and one tube pass  pure 
counter current flow 



Common type (1-2) exchanger



Notes
• The main advantage of shell-and-tube exchangers is that they

provide a relatively large amount of heat-transfer surface per
unit of volume and weight, and require a minimum number of
connections. They are extremely versatile, and can be
designed to meet almost any heat-transfer service. As a
result, they are used in a wide variety of applications.

• Flow pattern in the shell is a sinuous motion both transverse
and parallel to the tubes.

• Streams bypass: part of the fluid bypasses the main heat-
transfer surface as a result of various leakages. The bypass
streams include the tube-to-baffle leakage stream, the tube
bundle-to-shell bypass stream, and the baffle-to-shell leakage
stream. See next slide for good design by passing.



Idealized maim stream 

flow

Shell side leakage and 

by pass

A  tube-to-baffle leakage stream
B  actual cross-flow stream
C  bundle-to shell bypass stream
E  baffle-to-shell leakage stream
F   the pass-partition stream



Shell-Side Bypass Flows

 Look!! The main stream flowing across the tube

bundle may comprise less than 50% of the total shell-

side flow due to bypass flow.

 The presence of these bypass streams complicates the
analysis of shell-side heat transfer and pressure drop.



The Overall Heat-Transfer Coefficient

• Consider the a double-pipe section as shown below.

• Let the hot fluid (arbitrarily) to flow through the inner
pipe.

• Explain the heat transfer from hot to cold stream.

• To describe this overall process, an overall heat transfer
coefficient, U, is defined by:

q = U A Tm

Section of a double-pipe exchanger.



Heat transfer Area

The heat-transfer area, A, is the surface area of the 
inner pipe, and may be based on either the inside or 
outside diameter. In practice, however, the outside 
diameter is commonly used, so that:



Temperature difference

• The temperature difference, Tm , is the mean
temperature difference between the two fluid streams.

• It can be shown that when U is independent of position
along the exchanger, Tm is the logarithmic mean
temperature difference;

• where T1 and T2 are the temperature differences at
the two ends of the exchanger.

• The above equation is valid regardless of whether
counter flow or parallel flow is employed.



Thermal resistance & OHTC “U”
• Thermal resistance

where hi and ho are the heat-transfer coefficients for flow 
in the inner and outer pipes, respectively,

Ai is the surface area of the inner pipe based on the inside 
diameter, i.e.,

• Multiplying Equation (i) by Ao and inverting yields:

………………(i)

………………(ii)

• Equation (ii) is correct when the heat exchanger is new and 
the heat-transfer surfaces are clean.



Fouling Process

Fouling process means a formation of a film of dirt or 
scale on the heat-transfer surfaces over a period of time. 

Most of  fluids cause these scales depending upon the 
nature of the fluids as well as the operating conditions.

The process of fouling results in decreased performance 
of the heat exchanger due to the added thermal 
resistances of the dirt films.

Fouling is determined experimentally.

We have two types of fouling factors, RDi and RDo, (see 
next slide) which represent the thermal resistances of the 
dirt films on the inside and outside of the inner pipe.



Dirt and scales build up on the 
inner pipe surfaces



• Adding these two additional resistances to the  main 
OHTC Equation, we obtain:

• where UD is the overall coefficient after fouling has 
occurred.

• it is necessary to provide more heat-transfer area 
than is actually required when the exchanger is clean. 

• Outlet temperatures will exceed design specifications 
when the exchanger is clean, unless bypass streams 
are provided.



Typical Values of Fouling Factors (h. ft 2.°F/Btu)



Typical Values of Fouling Factors (h. ft 2.°F/Btu)



Fouling 
mechanisms

Sedimentation

Corrosion Crystallization Decomposition

Biological 
activity

Polymerization 



Example

A double-pipe heat exchanger will be used to cool a hot
stream from 350°F to 250°F by heating a cold stream from
80°F to 120°F The hot stream will flow in the inner pipe,
which is 2-in. schedule 40 carbon steel with a thermal
conductivity of 26 Btu/h. ft 2. °F Fouling factors of 0.001 h.
ft 2. °F. should be provided for each stream. The heat-
transfer coefficients are estimated to be hi = 200 and ho =
350 Btu/h. ft 2. °F and the heat load is 3.5 x 10 6 Btu/h.

a) For counter-current operation, what surface area is
required?

b) For co-current operation, what surface area is
required?



Solution

• Counter-current operation

Find Do and Di for 2-in. schedule 40 pipe, from tables

Di = 2.067 in. and Do = 2.375 in





• Co-current operation ‘Parallel flow’

• Comments



The T-x diagram

• Pure counter current seems the best heat 
exchanger configuration. 

• T-x diagram: this diagram shows the variation of 
temperature a long the exchanger.

T T

x x

Hot

Hot

Cold Cold


