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PREFACE

Heat exchangers are the workhorse of industry. Variously known as condensers,

coolers, evaporators, heaters, reboilers, vaporizers, and so forth, they are used exten-

sively in chemical, fertilizer, petrochemical, petroleum, power, refrigeration, and other
- industries. With the current awareness and concern about energy and resource con-
" servation as well as efficient and safe operation of plants, it is imperative that the heat
exchangers be designed and operated optimally. Optimal design has become still more
important as the size of heat exchangers continues to increase to take advantage of the
economy of scale.

With the above in mind, I have taught a one-semester course on heat exchanger
design at ‘the Indian Institute of Technology, Kanpur, since 1976; I also taught it
during the winter semester of 1983 at the University of Michigan, Ann Arbor, An
- abbreviated version has been used in short courses for practicing engineers in India and

Argentina. During these courses, students have asked specific questions about thermal
and mechanical designs, vibration analysis, and operation and maintenance of heat
exchangers. Some questions were received by mail. The questions were compiled and
many more were added (along with answers). The questions were then circulated
among students in class and among leaders in academia and industry in India, the
~United Kingdom, and the United States. The responses received were very positive
Tegarding both the usefulness of a book with a question-and-answer approach and the
material covered in the questions.
The main advantage of a question-and-answer approach which this book follpws,
is that it focuses the attention of the reader on a specific point, which facilitates Jeamn-
ing the answer quickly since the reader’s mind is not cluttered with much upfelated

-~

material, as in a conventional text. =

ix



x FREFACE

Although the literature on heat exchangers is extensive and growing, a newcomer
to the field confronts difficulties at a number of points and does not know where
to turn since no one has enough time to answer all questions. Sometimes he or she is
hesitant to ask “simple” questions. Until now, there was no single book that directly
told a person about such items as tie-rods and various types of baffles; what to do if
the calcufated pressure drop is higher than the allowable value; comparison of various
types of multi-pass exchangers, multiple segmental baffles, and tube layouts; effects
of laminar and turbulent flows; minimum information required for thermal and
mechanical design; flow stratification; when a stress anlaysis report is required and
which factors are to be taken into account during a stress analysis; mechanical design
and failure analysis; nondestructive testing methods; maintenance and repair; types of
corrosion and fouling and steps to counter them; causes of vibration, vibrational
damage and steps to prevent it; and so on.

This book is intended to help newcomers, those with a few years of experience in
design and operation, and senior-level students in design courses find answers to over
a thousand such questions. It is not meant for experts in the field, although they might
use it to review information. The book is self-explanatory, self-contained, and easy to

read. It brings out subtle details that do much to aid one’s understanding of the topics.

As work on the book progressed, the scope of the topics covered was expanded.

And so to keep this a reasonably sized volume, the actual thermal and mechanical

design calculations have been left out. This decision was aided by two related factors.
First, a number of books exist that deal with thermal design, while mechanical design
is governed by codes and standards that are easy to follow. Second, in most industries
the designers have access to in-house computer programs or those developed by co-
operative research organizations, whose membership is continuously i increasing. Hence,
this book is not to be taken as a design book but one that would help a designer come
up with better designs, in terms of both cost and performance, and an operator in
understanding and controling the performance of a unit. In addition, this book is not
meant to be an up-to-date and exhaustive literature survey of all the varied topics
covered, since that would be impossible. It does cover much of the latest information
available and gives over 540 references.

One drawback to using the question-and-answer approach is that the reader may
umntenﬁonally compare an answer with his or her own previous knowledge of the
topic ‘and become very critical of the answer given, It is hoped that readers who dis-

“agree with any of the answers in this book will contact the author so that i improve-

ments to the book can be made.

In an undertaking of this kind, some duplication of subject matter occurs, This
has generally been handled by cross-referencing questions, figures, tables, and equa-
tions. In a cross-reference, the first number indicates the chapter number and the

. second indicates the question, figure, table, or equation number, as the case may be.

There are over 680 such cross-references in this book.

Due to space restrictions, a number of questions and answers had to be deleted
and the number of figures restricted. It is likely that some important questions have
been missed altogether. Readers are encouraged to contact the author regarding any
suggested questions they might have.



PREFACE xi

An ‘author’s experiences and training inevitably bias his or her treatment of topics
chosen for inclusion in a book and this one is no exception. While direct-fired boilers,
cooling towers, and fluidized bed combustors are outside :he scope of this volume, the
decision not to treat regenerators was a difficult one to make, it being a rather vast
topic in itself. Some readers may find that some of their favorite topics are not dealt
with in as much detail as others. Their indulgence is sought in communicating such
topics to the author. :
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NOTE ABOUT UNITS

Both SI and British units are used in this book. To alarge extent, the general pattern
follows the recommendations given in the ASME Orientation and Guide for Use of SI
" (Metric) Units (8th ed., ASME: New York, 1978). Generally, when an original source
referred to in this book uses British units, the same units are used here, and the SI
equivalents are given in parentheses, and vice versa. In several cases the conversions are
not exact, and an engineering judgment about rounding off has been carefully made, in
keeping with the recommendations of the above publication—for example,
34 ft = 10.4 m, instead of 10.3632 m. Furthermore, it is not implied that the material
given in equivalent dimensions is standard and commercially available. For example, if
a 2-in thickness is written as 51 mm, a flange of 51 mm thickness may not be a
standard item. :
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CHAPTER

ONE

SHELL-AND-TUBE HEAT
EXCHANGERS—I: GENERAL

INTRODUCTION

~® Shell-and-tube heat exchangers can handle a variety of services in a

vast range of allowable design pressures and temperatures, from full
vacuum to 6000 psig (41.5 MPa) and from cryogenic temperature to
2000°F (1100°C). Hence, these are the most versatile heat transfer
equipment used in the process, power, and refrigeration industries.

_In order to understand the design and operation of the shell-and-
tube heat exchangers, it is important to know the nomenclature and
terminology used to describe them and the various parts that go into
their making. Only then can we understand without any anomaly, the
design, communications, and reports on these units put out by re-
searchers, designers, fabricators, and users.

Therefore, in this chapter we will introduce the nomenclature and
parts of a shell-and-tube exchanger. This is the first chapter of a series
discussing these units. Chapter 2 discusses the process (thermal) design
without phase change, followed by Chapter 3, which covers the
situations involving phase change. In the second half of this book we
will .discuss the mechanical design and other items related to some of
the important parts of the exchangers discussed in this chapter.



2 HEAT EXCHANGER AND PRESSURE VESSEL TECHNOLOGY

NOMENCLATURE AND PARTS

1.1 How are the size and type of a heat exchanger designated?

TEMA Standards (Tubular Exchanger Manufacturers Assoc., 1978) and HEI
Standards (Heat Exchange Institute, 1980) have specified the nomenclature for the
size and type of a shell-and-tube heat exchanger. Those according to the TEMA
Standards are given below, while the HEI Standards’ nomenclature is discussed in the
next question. -

Size is designated by the nominal shell diameter and the tube length. In the
British system of units, the nominal shell diameter is the inside diameter of the shell
in inches rounded off to the nearsst integer. However, for the kettle-type reboiler,
the nominal port diameter precedes the nominal shell diameter. The tube length for
a straight tube unit is the distance between the outermost tubesheet faces. For a
U-tube unit, it is the distance between the outermost face of the tubesheet and the
bend tangent, i.e., only the straight leg. In the SI and the metric system, all the
dimensions are given in millimeters (mm). The type of the exchanger is designated
by a set of letters associated with the front end, the shell, and the rear end as given
in Fig. 1.1 and illustrated by the following examples.

1. Split-ring floating head (S) exchanger with removable channel and cover (A),
single-pass shell (E), 23% in (590 mm) inside diameter with tubes 16 ft (4880
mm) long. Size 23-192 (590-4880), Type AES. ;

2. U-tube exchanger (U) with bonnet-type stationary * ead (B), split flow shell (G),
19 in (480 mm) inside diameter with tubes 7 ft (2130 mm) straight length,
Size 19-84 (480-2130), Type BGU. . %

3. Fixed tubesheet exchanger with removable channel and cover (A), bonnet-type
rear head (M), two-pass shell (F). 33} in (840 mm) inside diameter with tubes 8 ft
(2440 mm) long. Size 33-96 (840-2440), Type AFM.

Special designs may be specified as best suits the manufacturer.

® In the discussion above, terms such’as single-pass and two-pass shell
have been used. These, respectively, mean that the shell-side fluid travels
only once through the shell (single-pass) or twice, i.e., it enters at ome
end, travels to the other, and then returns to the end where it entered
the shell (two-pass). Similarly, one can have multiple tube passes. also.
The number of tube passes is equal to or greater than the number of
shell passes. In general, the multi-shell and tube passes are usually
designated by two numerals separated by a hyphen, with the first
numeral indicating the number of shell passes and the second numeral
indicating the number of tube passes. Thus, a one-shell pass and
two-tube pass AEL exchanger will be written as 1-2 AEL. It should be
emphasized that this is not according to the TEMA Standards. They
require the number of shell and tube passes to be spelled out as in the
above examples. In a heat exchanger specification sheet (Q. 1.116),
there is a separate space indicating the number of shell and tube passes:



SHELL-AND-TUBE HEAT EXCHANGERS—I: GENERAL

SPECIAL HIGH PRESSURE CLOSURE
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Figure 1.1 Heat exchanger nomenclature. (© 1978 by Tubular Exchanger Manufacturers

Association, All rights reserved.)

1:2

How is the nomenclature specified by the HEI Standards (1980)?

These require five symbols to denote a heat exchanger as detailed below:

1. Front tube-side closure (symbols used: B, C, R)
2. Front tubesheet arrangement (1, 2, 3, 4)
3. Shell-side arrangement (S;, S;, Sq, Sk, Ss)



