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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item was monitored and guided by the following Working Party on behalf of the
Heat Transfer Steering Group:

Eur. Ing. R.J. Brogan — HTFS, Harwell

Mr A. Deakin — BP Chemicals

Mr P. Ellerby — Graham Manufacturing Ltd

Mr P.E. Farrant — HTFS, National Engineering Laboratory
Dr C.D.R. North — Graham Exchanger Services Ltd

Mr G.H. Walter — Independent.

The Heat Transfer Steering Group first met in 1966 and now has the following membership:

Chairman
Prof. P.J. Heggs — UMIST

Vice-Chairman
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Dr R. Cheesewright — Brunel University

Members

Mr R.J. Allam — Air Products Ltd

Dr T.R. Bott — Birmingham University

Eur. Ing. R.J. Brogan — HTFS, Harwell

Eur. Ing. T.J. Loraine — Stone & Webster Engineering Ltd
Dr A.C. Pauls” — Independent
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Dr J. Taborek” — Independent

Eur. Ing. M.A. Taylor — Independent

Mr G.H. Walter — Independent

Dr D. Wilkie — Independent

Eur. Ing. D.A. Winkworth — Foster Wheeler Energy Ltd.

Corresponding Member

The technical work involved in the assessment of the available information and the construction and subsequent
development of the Data Item was undertaken (under contract to ESDU) by

Prof. G.F. Hewitt — Imperial College of Science, Technology and Medicine.

The costing data were provided by Graham Manufacturing Ltd and were collected by Mr P. Bansil, under the
supervision of Dr C.D.R. North and Prof. G. F. Hewitt.

The person with overall responsibility for the work in this area is Mr S.J. Pugh, Head of Thermofluids Group.
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SELECTION AND COSTING OF HEAT EXCHANGERS
Air-cooled type
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1 NOTATION AND UNITS
Units
S British
A heat transfer surface area of heat exchanger (related to m? 2
external bare tube area)
Cp specific heat capacity Jkg K Btu/lb °F
C cost per unit Q/AT, | £/(W/K)  £/(Btu/°F)
C, cost of labour per unit Q/AT | £/(WIK)  £/(Btu/°F)
Cm miscellaneous cost per unit Q/ATm £/(W/K)  £/(Btu/°F)
C, tube costs per unit Q/AT, | £/(W/K)  £/(Btu/°F)
CR cost ratio, see Section 7 - -
CRyes cost ratio for change to 1.65 m bundle - -
CRg1 cost ratio for change to 6.1 m bundle - -
CRy 4 cost ratio for change to 9.1 m bundle - -
CRy5 cost ratio for changeto 15 m bundle - -
CR,, cost ratio for change to % in tubing - -
CRoyi cost ratio for change to extruded tubes - -
Fq logarithmic mean temperature difference correction factor — -
h specific enthalpy Jkg Btu/lb
M mass rate of flow kg/s Ib/h
Q heat load of exchanger W Btu/h
overall heat transfer coefficient W/m?K  Btu/h ft*°F
AT temperature difference Kor°C °F
Issued December 1994 Documents
1 T Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 94043 1994


http://www.avadocuments.com/doc/esdu-94043-1994
http://www.avadocuments.com/doc/esdu-94043-1994

ESDU 94043

X factor in Equation (4.4) - -
Subscripts

c, h refer to cold and hot stream respectively

in, out refer to values of parameter at inlet to and outlet from heat

exchanger respectively

Im logarithmic mean
m mean
2. PURPOSE AND SCOPE OF THISDATA ITEM

ThisDataltemisone of agroup on the selection and costing of heat exchangers. Thefirst Item in the group,
ESDU 92013, provides a means of selecting, from awide range of exchanger types, those feasible for a
particular duty. Its objectiveisto provide the process designer with asimple and rapid method of selecting
between the feasible types, and subsequently of obtaining rough cost estimates. Such estimates are often
required well before the actual configuration of the equipment is decided.

This Item extends the costing data for air-cooled exchanger types, accounting for design parameters for
which single ‘standard’ values were previously assumed.

In the procedure outlined in the ESDU 92013, the first step isto select feasible types of heat exchanger on
the basis of thermal and hydraulic requirements, compatibility with fluids and operating conditions (for
exampletemperature and pressure), maintenance, avail ability, spaceand weight, and fouling characteristics.
Having established alist of feasible types, the next stage isto cost them and then to select a heat exchanger
(and its associated circuitry) having the lowest cost. It is recognised that the cost calculations in such
proceduresare of limited accuracy and that quotationsfor more than onetype of exchanger should be sought
if the costs are similar (that is within 20-50%).

In the costing method used in ESDU 92013 costs are expressed in terms of C, the cost per unit Q/ATm
where Q isthe heat load (heat transferred from the hot to cold fluid in the heat exchanger per unit time),
and AT, is the mean temperature difference, corrected for heat exchanger configuration. A further
summary of the method is given in Section 4. For a given exchanger type, a ‘standard’ set of design
parameters is chosen. However, costs are often highly dependent on variations in these design parameters,
even for a constant value of Q/AT,,, and particularly for tubular exchangers such as air-cooled and
shell-and-tube types. Simple correction factors are suggested; for instance, it is suggested in ESDU 92013
that stainless steel exchangerswould be 1.5 timesthe cost of carbon steel exchangers. However, the use of
such simple correction factorsis of doubtful validity. For instance, it is self-evident that the ratio of costs
for astainless steel exchanger to that for acarbon steel exchanger would vary with the relative importance
of the material content with respect to labour content, which would increase as the size of the exchanger
increased.

ESDU Copyright material. For current status contact ESDU.

In this present Item the specific case of the air-cooled heat exchanger isinvestigated further, with an attempt
to develop correction factors to the table for the *standard’ parameters in order to produce more realistic
costings over awider range of configurations. ESDU 94013 provides similar extended data for the other
tubular heat exchanger case, namely shell-and-tube types.
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The objective of this present Item is to provide the process designer with the means of establishing an
approximate cost. Normally, the process designer will specify the duty of an air cooled heat exchanger.
Thermal design then follows, leading to the establishment of a configuration which can then be
mechanically designed and, ultimately, costed. However, thereis an increasing requirement for the process
designer to establish the approximate cost of process equipment before the detailed design sequence is
entered. Thisallows choicesto be made between alternatives at an early stage of devel opment of the process
flow sheet.

Methodsfor costing air-cooled heat exchangersareavailableintheliterature. For instance, Smith3 considers
avariety of factors which influence cost relative to a fixed configuration. This approach is useful if the
configuration isknown a priori, but lacks the attraction for rapid costing of the C-value method, where the
specific configuration is not required.

Another important consideration for air cooled heat exchangers is that of the overall optimisation.
Air-cooled heat exchangersrequire fan power to move the air and are often quite large, occupying sizeable
plots of often expensive land. Thus, it could be argued that optimisation should be on the basis of annual
costs (taking account of power and annual land costs) rather than capital costs. Though the approach is
eminently sensible, it is the experience of heat exchanger vendors (as exemplified by the vendor who
provided the present data) that buyers of air-cooled heat exchangers usually concentrate on capital costs
with the aim of minimising initial investment, and in this present study has also concentrated on capital
costs. Oz;imisation of air cooled heat exchangers taking account of land and power costs is discussed by
Saunders”.

In this Item, various constructional features of air-cooled heat exchangers are considered (Section 3) and
the basis of the costing method is discussed (Section 4). Sections 5 and 6 discuss costs for the “standard”
type of configuration and Section 7 discusses the effect of variations from this standard, specifically the
effects of tube type, bundle length and noise reduction.

ESDU Copyright material. For current status contact ESDU.

Documents
3 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit ynder license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 94043 1994


http://www.avadocuments.com/doc/esdu-94043-1994
http://www.avadocuments.com/doc/esdu-94043-1994

ESDU 94043

3. CONFIGURATIONS OF AIR-COOLED HEAT EXCHANGERS

The air cooled heat exchanger consists of a bundle (or bundles) of externally-finned tubes which are
mounted in aframe and terminated at each end by aheader. Air isblown over the tube bundle(s) by means
of singleor multiplefans. Sketch 3.1 showsthevariouswaysinwhich thefansand bundlescall be arranged.
These alternative designs may be reviewed as follows.

@ Horizontal, induced draught: A typica unit of thistypeis shown in Sketch 3.1aand Figure la
Thistype has anumber of advantages. The escape velocity of the air from the fansistypically up
to 10 m/s, and this makes the unit less susceptible to crosswind than the forced draught design ((b)
below). The upper plenum provides protection against rain or hail storms (which assists
controllability) and a so protects the bundle from solar radiation (which can significantly affect the
heat load in hot countries, typically by 10 — 15%). Much more uniform air flow distribution is
achieved than with the forced draught unit. The main disadvantage of this type is that the fan has
to be mounted in the hot efflux air stream. This limits its use to low process temperatures (below
70°C, say). Furthermore, access to control louvres (see below) is more difficult.

(b) Horizontal, forced draught: Thisis the most popular layout. A typica unit is shown in Sketch
3.1b and Figure 1b. Here the fan isin cool air and this allows much higher process temperatures
to be used. Sincetheair passing through thefansis cooler, the power consumption for agiven mass
flow islower. Theerection procedureissimpler and bundles can beremoved for cleaning and repair
much more easily than for the induced draught type. However, compared with the induced draught
type, air flow distribution is much less uniform. Furthermore, the escape velocity of the air from
the top of the bundle is low, making the unit susceptible to crosswind effects, including external
recirculation around the unit. This problem is accentuated by proximity to tall structures. Unless
screens or louvres are fitted, the top of the unit is open to the atmosphere. This presents a problem
with process control, since sudden squalls of rain or hail can dramatically change the performance.
Also, the bundle is exposed to solar radiation, which can give rise to asignificant risein heat |oad
in hot countries.

(© Vertical, induced draught: Here, the bundle is mounted vertically (see Sketch 3.1c), which
minimises plot areaand allowsthe unit to be mounted directly on columns (for example, on column
reflux condensers). Fan temperature problems similar to those described above for the horizontal
induced draught type can occur; and vertical unitsare also particularly proneto crosswind effects.
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Sketch 3.1 Fan and bundle arrangement for air-cooled heat exchangers
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