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CHAPTER 47
HEAT EXCHANGERS
Fundamentals ................................................................................................................................  47.1
Types of Heat Exchangers .............................................................................................................  47.1
Components...................................................................................................................................  47.4
Application ....................................................................................................................................  47.5
Selection Criteria ..........................................................................................................................  47.5
Installation ....................................................................................................................................  47.6
EAT EXCHANGERS transfer heat from one fluid to anotherH without the fluids coming in direct contact with each other.
Heat transfer occurs in a heat exchanger when a fluid changes from
a liquid to a vapor (evaporator), a vapor to a liquid (condenser), or
when two fluids transfer heat without a phase change. The transfer
of energy is caused by a temperature difference.

In most HVAC&R applications, heat exchangers are selected to
transfer either sensible or latent heat. Sensible heat applications
involve transfer of heat from one liquid to another. Latent heat trans-
fer results in a phase change of one of the liquids; transferring heat
to a liquid by condensing steam is a common example.

This chapter describes some of the fundamentals, types, compo-
nents, applications, selection criteria, and installation of heat
exchangers. Chapter 3 of the 2005 ASHRAE Handbook—Funda-
mentals covers the subject of heat transfer. Specific applications of
heat exchangers are detailed in other chapters of this and other vol-
umes of the Handbook series. 

FUNDAMENTALS

When heat is exchanged between two fluids flowing through a
heat exchanger, the rate of heat transferred may be calculated using

Q = UA∆tm (1)

where
U = overall coefficient of heat transfer from fluid to fluid
A = heat transfer area of the heat exchanger associated with U

∆tm = log mean temperature difference (LMTD)

For a heat exchanger with a constant U, the ∆tm is calculated as

(2)

where the temperature distribution is as shown in Figure 1 and Cf is
a correction factor (less than 1.0) that is applied to heat exchanger
configurations that do not follow a true counterflow design. 

Figure 1 illustrates a temperature cross, where the outlet tem-
perature of the heating fluid is less than the outlet temperature of the
fluid being heated (T2 < t2). A temperature cross can only be
obtained with a heat exchanger that has a 100% true counterflow
arrangement.

The overall coefficient U is affected by the physical arrangement
of the surface area A. For a given load, not all heat exchangers with
equal surface areas perform equally. For this reason, load conditions
must be defined when selecting a heat exchanger for a specific
application.

The load for each fluid stream can be calculated as

The preparation of this chapter is assigned to TC 6.1, Hydronic and Steam
Equipment and Systems.

∆tm Cf

T1 t2–( ) T2 t1–( )–

T1 t2–( )ln T2 t1–( )⁄
---------------------------------------------------=
47
Q = mcp(tin − tout) (3)

The value of ∆tm is an important factor in heat exchanger selec-
tion. If the value ∆tm is high, a relatively small heat exchange sur-
face area is required for a given load. The economic effect is that the
heat exchanger must be designed to accommodate the forces and
movements associated with large temperature differences. When
the approach temperature (the difference between T2 and t1) is
small, ∆tm is also small and a relatively large A is required.

Chapter 3 of the 2005 ASHRAE Handbook—Fundamentals
describes an alternative method of evaluating heat exchanger per-
formance that involves the exchanger heat transfer effectiveness ε
and number of exchanger transfer units (NTU). This method is
based on the same assumptions as the logarithmic mean temperature
difference method described previously.

TYPES OF HEAT EXCHANGERS

Most heat exchangers for HVAC&R applications are counter-
flow shell-and-tube or plate units. While both types physically sep-
arate the fluids transferring heat, their construction is very different,
and each has unique application and performance qualities.

Fig. 1 Temperature Distribution in Counterflow Heat
Exchanger

Fig. 1 Temperature Distribution in
Counterflow Heat Exchanger
Related Commercial Resources
.1

http://membership.ashrae.org/template/AssetDetail?assetid=42238


47.2 2008 ASHRAE Handbook—HVAC Systems and Equipment

  

Li
ce

n
se

d
 fo

r s
in

g
le

 u
se

r. 
   

 ©
 2

00
8 

A
SH

R
A

E,
 In

c.
Shell-and-Tube Heat Exchangers
Figure 2 illustrates the counterflow path of a shell-and-tube heat

exchanger. The fluid at temperature T1 enters one end of the shell,
flows outside the tubes and inside the shell, and exits at the other
end at temperature T2. The other fluid flows inside the tubes, enter-
ing one end at temperature t1 and exiting at the opposite end at
temperature t2.  

In a shell-and-tube heat exchanger, a tube bundle assembly is
welded or bolted inside a tubular shell. The bundle is constructed of
metal tubes mechanically rolled or welded at one (U-tube) or both
ends (straight-tube) into tubesheet(s) that function as headers. The
shell is usually a length of pipe that has inlet and outlet connections
located along one or more of its longitudinal centerlines.

The shell is flanged at one or both open ends to accommodate a
head assembly. The tube bundle is positioned between the shell and
head assemblies so that the tube wall of the bundle mechanically
separates the two flow paths. 

The tube bundle is assembled with tube supports, which are held
together with tie rods and spacers. Units with liquid on the shell side
have baffles for tube supports that direct the flow. Condensers must
have baffles that have been notched on the bottom to allow the liquid
condensate to flow freely to the exit nozzle.

The head assembly directs the other fluid across the tubesheet(s)
into and out of the tube bundle. Head assemblies are designed with
pass partitions to isolate sections of the tube bundle such that the
fluid must traverse the length of the unit one, two, four or more
times before exiting. 

One of two types of head assemblies is mechanically attached to
the shell. Units with multiple tube-side pass construction have a
head with both an inlet and outlet connection bolted at one end with
a welded cap (U-tube) or bolted reversing head (straight-tube) at the

Fig. 2 Counterflow Path in Shell-and-Tube Heat Exchanger

Fig. 2 Counterflow Path in Shell-and-Tube Heat Exchanger

Fig. 3 U-Tube Shell-and-Tube Heat Exchanger with Remov-
able Bundle Assembly and Cast “K” Pattern Flanged Head

Fig. 3 U-Tube Shell-and-Tube Heat Exchanger with 
Removable Bundle Assembly and

Cast K-Pattern Flanged Head

Fig. 4 U-Tube Tank Heater with Removable Bundle Assembly
and Cast Bonnet Head

Fig. 4 U-Tube Tank Heater with Removable Bundle Assembly 
and Cast Bonnet Head
opposite shell end. Single-pass units have an inlet head attached at
one shell end and an outlet head attached at the other end.

Many variations of the shell-and-tube design are available, some
of which are described in the following paragraphs.

U-Tube. Figure 3 illustrates a U-tube removable-bundle shell-
and-tube heat exchanger. These units are commonly called convert-
ers. Figures 4 and 5 illustrate modifications of the U-tube design.

Tank heaters are U-tube heat exchangers with the shell replaced
by a mounting collar, which is welded to a tank. A hot fluid or steam
flows inside the tubes heating the fluid in the tank by natural con-
vection. The tank heater manufacturer should be consulted about
optimizing the bundle length. Although it is desirable for the bundle
to significantly extend into the tank, the designer must consider the
need for additional bundle support.

Tank suction heaters differ from tank heaters because they have
an additional opening that allows fluid being heated to be pumped
across the outside tube wall resulting in improved thermal perfor-
mance.

Straight-Tube. Figures 6 and 7 illustrate two common designs
of straight-tube, shell-and-tube exchangers, one with a fixed and the
other with a removable tube bundle assembly. 

Some straight-tube, shell-and-tube heat exchangers have a float-
ing head bolted with a gasket to a floating tubesheet or a shell-side
expansion joint. This configuration is expensive and is rarely spec-
ified in HVAC applications. 

Shell-and-Coil. The tubes in this heat exchanger are coiled in a
helical configuration around a small core. A spacer is placed between
Fig. 5 U-Tube Tank Suction Heater with Removable Bundle
Assembly and Cast Flanged Head

Fig. 5 U-Tube Tank Suction Heater with Removable Bundle 
Assembly and Cast Flanged Head

Fig. 6 Straight-Tube Fixed Tubesheet
Shell-and-Tube Heat Exchanger with Fabricated
Bonnet Heads and Split-Shell Flow Design

Fig. 6 Straight-Tube Fixed Tubesheet
Shell-and-Tube Heat Exchanger with Fabricated

Bonnet Heads and Split-Shell Flow Design

Fig. 7 Straight-Tube Floating Tubesheet Shell-and-Tube Heat
Exchanger with Removable Bundle Assembly and Fabricated
Channel Heads

Fig. 7 Straight-Tube Floating Tubesheet
Shell-and-Tube Heat Exchanger with Removable
Bundle Assembly and Fabricated Channel Heads



Heat Exchangers 47.3
  

Li
ce

n
se

d
 fo

r s
in

g
le

 u
se

r. 
   

 ©
 2

00
8 

A
SH

R
A

E,
 In

c.
the tube layers. In some designs the tubes have an oval cross section.
These heat exchangers are very compact and have a relatively large
surface area for their size. Figure 5 in Chapter 41 illustrates a shell-
and-coil heat exchanger.

Plate Heat Exchangers
Plate heat exchangers consist of metal plate pairs arranged to

provide separate flow paths (channels) for two fluids. Heat transfer
occurs across the plate walls. The exchangers have multiple chan-
nels in series that are mounted on a frame and clamped together. The
rectangular plates have an opening or port at each corner. When
assembled, the plates are sealed so that the ports provide manifolds
to distribute fluids through the separate flow paths. Figure 8 illus-
trates the flow paths. 

The multiple plates, called a plate pack, are supported by a car-
rying bar and contained by pressure plates at each end. This design
allows the units to be opened for maintenance or addition or removal
of plate pairs. The adjoining plates are gasketed, welded, or brazed
together.

Gasketed plate heat exchangers are typically limited to design
pressures of 300 psig. The type of gasket material used limits the
operating temperature. Brazed plate units are designed for pressures
up to 450 psig and temperatures up to 500°F.

Gasketed. The most common plate heat exchanger is the gas-
keted plate unit. Typically, nitrile butyl rubber (NBR) gaskets are
used in applications up to 230°F. Ethylene-propylene terpolymer
(EPDM) gaskets are available for temperatures up to 320°F. The
gaskets are glued or clipped onto the plates. The gasket pattern on
each plate creates the counterflow paths illustrated in Figure 8.

Welded. Two plates can be welded together at the edges into an
assembly called a cassette. This flow channel contains fluids when
appropriate gasket material is not available such as for handling cor-
rosive fluids. The channels containing the non-aggressive fluids are
sealed with standard gaskets. Welded units can also be used for
refrigeration applications. Figure 9 shows the flow path of a welded
plate heat exchanger.

Fig. 8 Flow Path of Gasketed Plate Heat Exchanger

Fig. 8 Flow Path of Gasketed Plate Heat Exchanger
Brazed. Brazed-plate heat exchangers have neither gaskets nor
frames (Figure 10). They consist of plates brazed together with a
copper or nickel flux. This design can be very cost effective in
closed-system applications where lack of maintenance is not a con-
cern.

Double-Wall Heat Exchangers
Double-wall heat exchangers have a leakage path that warns of

mechanical failure before fluids can be cross contaminated. Both
shell-and-tube and plate heat exchangers are available. The overall
thermal performance of a double-wall unit is less than a comparable
single-wall design. Double-wall units cost significantly more than
single-wall units.

A double-wall U-tube unit (Figure 11) consists of a tube-in-tube
design with double tubesheets. The outer tube is rolled into the inner
tubesheet. The inner tube is finned or has grooves cut in it. It is
rolled into the outer tubesheet to provide a vented leak path between
tubesheets to provide a visible indication of a failure of either tube. 

A double-wall plate heat exchanger (Figure 12) is constructed by
welding two standard channel plates together at the four port open-
ings to form a leak path between the plates should a plate fail.

Fig. 9 Flow Path of Welded Plate Heat Exchanger

Fig. 9 Flow Path of Welded Plate Heat Exchanger

Fig. 10 Brazed-Plate Heat Exchanger

Fig. 10 Brazed-Plate Heat Exchanger
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COMPONENTS

Heat exchangers for HVAC applications should be constructed
and labeled according to the applicable ASME Boiler and Pres-
sure Vessel Code and rated for 150 psig at 375°F. Heat exchangers
operating at elevated temperatures or pressures require special
construction.

Shell-and-Tube Components
Figure 13 illustrates the various components of a shell-and-tube

exchanger, which include the following:

• Shells are usually made of steel pipe; brass and stainless steel are
also used. The inlet and outlet nozzles can be made with standard
flange openings in various orientations to suit piping needs. The
nozzles are sized to avoid excessive fluid velocity and impinge-
ment on the tubes opposite a shell inlet connection.

• Baffles, tube supports, tie rods, and spacers are usually made
of steel; brass and stainless steel are also available. The number
and spacing of baffles controls the velocity and, therefore, a sig-
nificant portion of the shell-side heat transfer coefficient and pres-
sure drop.

• Tubes are usually made of copper; special grades of brass and
stainless steel can be specified. The tube diameter, gage, and
material affect the heat transfer coefficient and performance.

• Tubesheets are available in the same materials as baffles,
although the materials do not have to be the same in a given heat
exchanger. Tubesheets are drilled for a specific tube layout called
pitch. The holes are sometimes serrated to improve the tube-to-
tubesheet joint.

• Heads are usually cast iron or fabricated steel. Cast brass and cast
stainless steel are available in limited sizes. Heads can be custom
fabricated in most metals. The inlet and outlet nozzles can be

Fig. 11 Double-Wall U-Tube Heat Exchanger

Fig. 11 Double-Wall U-Tube Heat Exchanger

Fig. 12 Double-Wall Plate Heat Exchanger

Fig. 12 Double-Wall Plate Heat Exchanger

Fig. 13 Exploded View of Straight-Tube Heat Exchanger

Fig. 13 Exploded View of Straight-Tube Heat Exchanger
made with standard flange openings. Figures 3, 4, and 5 illustrate
three different head configurations that offer different levels of
serviceability and ease of installation.

Plate Components

Figure 14 illustrates the various components of a gasketed plate
and frame heat exchanger. The materials of construction and pur-
pose of the components are as follows:

• Fixed frame plates are usually made of carbon steel. Single-pass
units have inlet and outlet connections for both fluids located on
the fixed frame plate. Connections are usually NPT or stud port
design to accommodate ANSI flanges. NPT connections are car-
bon steel or stainless steel. Stud port connections can be lined with
metallic or rubber-type materials to protect against corrosion.

• Movable pressure plates can be moved along the length of the
carrying bar to allow removal, replacement, or addition of plates.
They are made of carbon steel. Multiple-pass units have some
connections located on the movable pressure plate.

• Plate packs are made up of multiple heat transfer (channel) plates
and gaskets. Plates are made of pressable metals, such as 316 or
304 stainless steel or titanium. They are formed with corruga-
tions, typically in a herringbone or chevron pattern. The angle of
these patterns affects the thermal performance and pressure drop
of a given flow channel.

• Compression bolts compress the plate back between the move-
able pressure and fixed frame plates. The dimension between the
two is critical and is specified by the unit manufacturer for a given
plate pack configuration.

• Carrying and guide bars support and align the channel plates.
The upper bar is called a carrying bar, the lower a guide bar. They
are made of stainless steel, aluminum, or carbon steel with zinc
chromate finish.

• Support columns support the carrying and guide bars on larger
plate heat exchangers.

• Splashguards are required in the United States by OSHA to
enclose exterior channel plate and gasket surfaces. They are usu-
ally formed from aluminum.

• Drip pans made of stainless steel are often installed under plate
heat exchangers to contain leakage on start-up or shut down, gas-
ket failure, or condensation.

Fig. 14 Components of a Gasketed Plate Heat Exchanger

Fig. 14 Components of a Gasketed Plate Heat Exchanger
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APPLICATION

Heat exchangers are used when the primary energy source is
available for multiple purposes, uses a different medium, or its tem-
perature or pressure is not in the design limits. Most of the following
examples are discussed in other chapters and volumes of the
ASHRAE Handbook. Heat exchangers are used

• To condense steam from a boiler to produce hot water for central
water systems

• For service water for potable and nonpotable applications, which
is often heated by a converter and hot-water or steam boilers, with
or without a storage tank 

• To meet special temperature requirements of parts of a system or
to protect against freezing in isolated terminal units (coils) and
cooling tower basins

• To isolate two systems operating at different pressures while
transferring thermal energy between them

• In energy-saving applications such as condensate cooling, vent
condensing, boiler blowdown, thermal storage, and chiller bypass
(free cooling)

• In many refrigeration applications as evaporators, condensers,
and liquid coolers

SELECTION CRITERIA

A heat exchanger is often selected by a computer program that
optimizes the selection for the given design. A manufacturer should
provide detailed selection guidance for both a shell-and-tube and
plate exchanger for a given set of conditions.

Thermal/Mechanical Design
Shell-and-tube heat exchangers are designed first to be pressure

vessels and second to transfer heat. Plate heat exchangers are
designed to transfer heat efficiently within certain temperature and
pressure limits.

Thermal Performance. The thermal performance of a heat
exchanger is a function of the size and geometry of the heat transfer
surface area. Heat transfer surface materials also affect perfor-
mance; for instance, copper has a higher coefficient of heat transfer
than stainless steel.

Flow rates (velocity), viscosity, and thermal conductivity of the
fluids are significant factors in determining the overall heat transfer
coefficient U. In addition, the fluid to be heated should be on the
tube side because the overall U of a shell-and-tube unit is often
reduced if the fluid to be heated is on the shell side. 

Properly selected shell-and-tube heat exchangers use tube pass
options and shell-side baffle spacing to maximize velocity (turbu-
lence) without causing tube erosion. The ability to maximize
velocity on each side of a heat exchanger is particularly important
when the two fluids’ flow rates are dissimilar. However, fluid
velocity in the shell-and-tube heat exchanger is limited to avoid
tube erosion. U-tube exchangers have lower tube-side velocity
limits than straight-tube units due to the thinner tube wall in the U
bends.

Shell-and-tube heat exchangers can be constructed for split-shell
flow design (see Figure 6) to accommodate unusual conditions.
These units have one shell inlet connection and two outlet connec-
tions.

Plate heat exchangers typically have U-factors three to five
times higher than shell-and-tube heat exchangers. The high turbu-
lence created by the corrugated plate design increases convection
and increases the U-factor. The plate design achieves a large tem-
perature cross at a 2°F approach because of the counterflow fluid
path and high U-factor.

Thermal Stress. Heat exchangers must accommodate the ther-
mal stresses associated with large temperature differences. U-tube
units offer superior economic performance over straight-tube
units with removable tube bundles under extreme conditions.
Units with fixed tubesheets do not handle large temperature differ-
ences well.

Gasketed plate units have a differential pressure/temperature
limitation (DPTL), which is the maximum difference in operating
pressure of the two fluids at a specific temperature. A unit rated for
300 psig at 260°F might have a DPTL of 220 psig at 200°F.

Pressure Drop. Fluid velocity and normal limitations on tube
length tend to result in relatively low pressure drops in shell-and-
tube heat exchangers. Plate units tend to have larger pressure drops
unless the velocity is limited. Often a pressure drop limitation rather
than a thermal performance requirement determines the surface area
in a plate unit. 

Fouling. Often, excess surface area is specified to allow for scale
accumulation on heat transfer surfaces without a significant reduc-
tion of performance. This fouling factor or allowance is applied
when sizing the unit. Fouling allowance is better specified as a per-
centage of excess area rather than as a resistance to heat transfer.

Shell-and-tube exchangers with properly sized tubes can handle
suspended solids better than plate units with narrow flow channels.
The high fluid velocity and turbulence in plate exchangers make
them less susceptible to fouling.

The addition of surface area (tube length) to a shell-and-tube
exchanger does not affect fluid velocity, and, therefore, has little
effect on thermal performance. This characteristic makes a fouling
allowance practical. This is not the case in plate units, for which the
number of parallel flow channels determines velocity. This means
that as plate pairs are added to meet a load (heat transfer surface
area) requirement, the number of channels increases and results in
decreased fluid velocity. This lower velocity reduces performance
and requires additional plate pairs, which further reduces perfor-
mance.

Cost
On applications with temperature crosses and close approaches,

plate heat exchangers usually have the lowest initial cost. Wide
temperature approaches often favor shell-and-tube units. If the
application requires stainless steel, the plate unit may be more
economical.

Serviceability
Shell-and-tube heat exchangers have different degrees of ser-

viceability. The type of header used facilitates access to the inside of
the tubes. The heads illustrated in Figures 3, 6, and 7 can be easily
removed without special pipe arrangements. The tube bundles in all
of the shell-and-tube units illustrated, except the fixed-tubesheet
unit (Figure 6), can be replaced after the head is removed if they are
piped with proper clearance.

The diameter and configuration of the tubes are significant in
determining whether the inside of tubes of straight-tube units can be
mechanically cleaned. Figure 7 shows a type of head that allows
cleaning or inspection inside tubes after the channel cover is
removed.

Plate heat exchangers can be serviced by sliding the movable
pressure plate back along the carrying bars. Individual plates can be
removed for cleaning, regasketing, or replacement. Plate pairs can
be added for additional capacity. Complete replacement plate packs
can be installed.

Space Requirements
Cost-effective and efficient shell-and-tube heat exchangers

have small-diameter, long tubes. This configuration often chal-
lenges the designer when allocating space required for service and
maintenance. For this reason, many shell-and-tube selections have
large diameters and short lengths. Although this selection per-
forms well, it often costs more than a smaller-diameter unit with
equal surface area. Be careful to provide adequate maintenance
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clearance around heat exchangers. For shell-and-tube units, space
should be left clear so the tube bundle can be removed.

Plate heat exchangers tend to provide the most compact design in
terms of surface area for a given space.

Steam
Most HVAC applications using steam are designed with shell-

and-tube units. Plate heat exchangers are used in specialized indus-
trial and food processes with steam. 

INSTALLATION

Control. Heat exchangers are usually controlled by a valve with
a temperature sensor. The sensor is placed in the flow stream of the
fluid to be heated or cooled. The valve regulates flow on the other
side of the heat exchanger to achieve the sensor set-point tempera-
ture. Chapter 46 discusses control valves.

Piping. Heat exchangers should be piped such that air is easily
vented. Pipes must be able to be drained and accessible for service. 
Pressure Relief. Safety pressure relief valves should be installed
on both sides between the heat exchanger and shutoff valves to
guard against damage from thermal expansion when the unit is not
in service, as well as to protect against overpressurization.

Flow Path. The intended flow path of each fluid on both sides of
a heat exchanger design should be followed. Failure to connect to
the correct inlet and outlet connections may reduce performance.

Condensate Removal. Heat exchangers that condense steam
require special installation. Proper removal of condensate is partic-
ularly important. Inadequate drainage of condensate can result in
significant loss of capacity and even in mechanical failure.

Installing a vacuum breaker aids in draining condensate, partic-
ularly when modulating steam control valves are used. Properly
sized and installed steam traps are critical. Chapter 10 discusses
steam traps and condensate removal.

Insulation. Heat exchangers are often insulated. Chapter 23 of
the 2005 ASHRAE Handbook—Fundamentals has further informa-
tion on insulation.
Related Commercial Resources
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