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EDITOR'S NOTE

T

he editor gratefully acknowledges the efforts of Jay
Hudson in developing this eBook on heat transfer
fluids and thermal fluid heating systems for process
applications. I also extend my appreciation to the eBook
sponsors for their support of this project.
When designing a thermal fluid system or specifying
components for a thermal fluid system, the reader should
employ experienced resources, either internal or external,
to ensure that recognized and generally accepted good
engineering practice is followed, and that local and national
codes and standards are complied with.
The images contained in this eBook are provided for
illustrative purposes only and are copyrighted by the
respective owners of the images. No images or text may
be excerpted, edited or reproduced without written
permission of the copyright holder(s).
In-plant photos reflect conditions observed by heat
transfer fluid and equipment manufacturers and do not
necessarily reflect operation of the supplying company’s
heat transfer fluid or thermal fluid heating equipment.
Fouled materials are included to illustrate conditions that
can develop when fluid and system are not selected to
meet or exceed operating conditions.
Process Heating gratefully acknowledges photo
contributions from the following companies: ARI Valve,
Arizona Boiler Inc., Bray International, Coastal Chemical,

Photo courtesy: Arizona Boiler

CECO Dean Pump, CECO Environmental, Chromalox Inc.,
Dow Chemical Co., Dow Heat Transfer Fluids, Duratherm
Heat Transfer Fluids, Gaumer, Heatec Inc., Hurst Boiler
Inc., LEWA-Nikkiso America Inc., Paratherm, A Division of
Lubrizol, Mokon, MultiTherm, Samson Controls, Sentry
Equipment, Sigma Thermal, Teikoku USA/Chempump, and
Vapor Power International. Cover image courtesy of Vapor
Power International.
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SECTION ONE: FLUIDS

Choosing the Heat Transfer Fluid
No one fluid is ideal for all uses. A brief survey of three basic groups — petroleum-based,
synthetic aromatic and specialty fluids — outlines the general characteristics of each type.

W

Glycol and polyglycol fluids, along with molten salts,
will not be discussed in this eBook. If the reader would
like a bit more detail on the chemistry of thermal fluids,
that information can be found in “Thermal Fluids – An
Overview,”[1] originally published in the June 2006 Issue of
Process Heating.

ithout question, specifying the heat transfer
fluid is the most important decision to make
in specifying a new thermal fluid system. The
fluid’s properties have to be matched to the process
requirements, and the process and heating equipment
have to be matched to the fluid properties.
I have in my office information on approximately 90
different thermal fluids, and every time I think that I have
them all, I learn about another. The variety of fluids available
to the end user is staggering, and each supplier advertises
his fluid as “the best.” So, what fluid is best — or at least a
good choice — for a particular application?

Petroleum-Based Fluids

These fluids are represented by the mineral oils and also by
the more highly refined white oils.
Mineral Oils

Sometimes referred to as “base stocks,” these heat transfer
fluids are the ubiquitous “hot oils.” Hot oils come from the
lube cut and are selected for viscosity — which partly
defines the heat transfer properties — and stability. Then,
they are branded and marketed as heat transfer fluids. Hot
oils may or may not have additional additives mixed in
such as antioxidants and rust preventatives.
Common brands of hot oils are Exxon-Mobil Mobiltherm
603, Shell Thermia C and Sunoco HT-21.

Thermal Fluids

For the purposes of this article, we will look at three classes
of thermal fluids:
• Petroleum-based fluids.
• Synthetic aromatic fluids.
• Specialty fluids.
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Choosing the Heat Transfer Fluid
Duratherm, Multitherm, Paratherm and Therminol.

Synthetic Aromatic Fluids

These materials are, for the most part, modified benzene
compounds. They are generally thermally stable at higher
temperatures than are practical for petroleum-based
fluids. These chemicals are either purposely produced for
heat transfer service or other uses, or they are co-produced
with other chemicals.
While benzene is a listed hazardous chemical, and these
fluids may carry benzene at part per million concentrations,
the derivatives used for heat transfer fluids are generally
less toxic and safe to use. It is recommended, however, that
the end user review the material safety data sheets (MSDS)
for these products — and ALL heat transfer products, for
that matter — before putting them into service.
Common brand names for synthetic aromatic fluids
include Dowtherm, Marlotherm and Therminol.

Exposing a heat transfer fluid to excessive temperatures
can lead to the creation of low or high boilers due to fluid
degradation. Photo courtesy: The Dow Chemical Co.

White Oils

White oils are petroleum-based stocks that have been
chemically treated with hydrogen to make a “cleaner,”
more consistent product. This process is referred to as
hydrogenation, hydro-finishing or hydro-treating. The
result is a pale yellow to water-white fluid with improved
thermal stability and improved resistance to oxidation as
compared to mineral oils.
Common brand names of white oils include Calflo,

Specialty Fluids

Silicone- and fluorocarbon-based fluids are two examples
of “specialty fluids” available for highly specific uses. These
fluids offer enhanced performance, depending on the
specific product, in areas such as superior low temperature
performance, broad temperature range, low flammability
and low toxicity. They are most often selected when the
special demands of a particular process justify the higher
7

previous/next article

BACK TO
TO CONTENTS
BACK

TITLE FLUIDS
HERE
SECTION ONE:

Choosing the Heat Transfer Fluid

Annual fluid testing allows you to evaluate the condition of your thermal fluid. Photo courtesy: Paratherm, A Division of Lubrizol

cost of these fluids.
Common trade names for specialty fluids include
Syltherm (silicone) and Galden (fluorocarbon).

property to consider when selecting a fluid.
Most fluids will begin to degrade at an accelerated rate
when exposed to temperatures above their maximum
rated temperature. As in many chemical processes, an
upward change of 18°F (10°C) will double the rate of
fluid degradation. So, it is prudent to buy a fluid with a
maximum rated temperature slightly above the maximum
temperature of the process. As a general rule, less expensive
heat transfer fluids have lower bulk temperature ratings.

Fluid Properties

When selecting a fluid (or fluid type) to specify for a system,
it is important to have accurate data on certain intrinsic
properties of the fluids being considered. These properties
are used to define fluid flow rates and temperatures on
the process side of the system and also for the fluid heater
manufacturer’s use in sizing his equipment.

Maximum Fluid Film Temperature

The film temperature is the temperature that the fluid
achieves inside the heater at the point where it touches the
heat transfer surface of the heater. The film temperature
rating is often about 50°F (27.7°C) above the maximum

Bulk Temperature Rating

This is simply the highest temperature for which the total
volume of fluid is rated, and it is perhaps the most important
8
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bulk temperature, but this is not always the case.

CHOOSE PARATHERM

Specific Gravity (Density)

The specific gravity is the weight of a known volume of the
fluid as compared to that of water. The specific gravity of
thermal fluids varies greatly from ambient temperature to
operating temperature, so the user should know the specific
gravity across the entire temperature range of the fluid. This
property is used in sizing the circulating pump(s) and also in
determining how large the expansion tank needs to be.

Other Hot Oils

Specific Heat

This is simply how many BTUs it takes to change the
temperature of one pound of fluid one degree Fahrenheit.
Another way to think of it is as the measure of the heatcarrying capacity of the fluid. Specific gravity, specific heat
and the change in temperature in the process or heater
determine the flow rate of fluid required to achieve the
desired process conditions.

SERVICE
Industry leading customer service
featuring 24/7 availability
PERFORMANCE
Superior product quality, efficiency
& thermal stability

Heat Transfer Coefficient

C O M PAT I B I L I T Y
Comprehensive product portfolio gives
users options to replace existing fluids

This number describes how easily heat can move into
or out of the fluid. This is a calculated value that depends
upon other factors. Equations are available in heat transfer
textbooks.
If the process heat transfer coefficient is relatively low
as compared to the fluid, then the impact of the fluid heat

Paratherm.com
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Choosing the Heat Transfer Fluid
particularly if the system has to be started in cold conditions
or if the fluid is used for process cooling as well as heating.
Fluids that exhibit high viscosity at lower temperatures
can be problematic in cold startup conditions, or if process
cooling is critical.

Vapor Pressure

As with most liquids, as temperature increases, the vapor
pressure of the fluid increases. When the vapor pressure
of a liquid equals the pressure of the surrounding gas, the
fluid boils. Vapor pressure is very important to know when
specifying the circulating pump(s) and in designing pump
suction piping. (More on that later.)

Flashpoint

Fluid degradation can change the physical properties of the
thermal fluid, including viscosity. Photo courtesy: MultiTherm

Almost all heat transfer fluids are combustible liquids,
and most are operated well in excess of their flashpoint.
Considering flashpoint will help to determine how the
system is sited and operated.

transfer coefficient on the overall heat transfer coefficient
is relatively low. However, if the system performance is
driven by the fluid heat transfer coefficient, then more
consideration is warranted.

Fluid Selection Criteria

In determining the best fluid for a new application, there
are a number of factors that the owner should consider in
narrowing his choices.
A careful technical review of the potential fluid’s intrinsic
properties — along with considerations for thermal and
oxidative stability, and the requirements of the process —

Viscosity

As with specific gravity, most heat transfer fluids exhibit
large changes in viscosity between ambient and operating
temperature.
It is important to understand the changes in viscosity,
10
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Choosing the Heat Transfer Fluid
characteristics of the fluid can impact both initial and
ongoing operating costs.

Cost

The purchase of the initial system fill is a significant cost,
and it needs to be considered carefully. This is not to say
that the lowest cost fluid with the correct bulk temperature
rating should be selected. Buying the cheapest fluid can
often be false economy. The cheapest fluid may not have
the appropriate properties to offer the owner a long and
reasonably trouble-free life.

Life of the Fluid

The useful life expectancy of the fluid can help in predicting
the ongoing costs of fluid top-up and replacement. System
design techniques (discussed in following articles) can
help protect the fluid from cracking (overheating) and
from oxidation. It also is important to select a fluid with
excellent thermal stability for its temperature range.

The fluid’s properties have to be matched to the process
requirements, and the process and heating equipment have
to be matched to the fluid properties. Photo courtesy: Sigma
Thermal

will help to determine the best choice for the particular
application.
The fluid properties first need to be compatible with
the process and meet the heat transfer, safety, operability,
etc., requirements of the process. This is a critical first step!
After this decision is made, the heating (and
cooling) equipment is specified and selected to meet
the requirements of the system. Plus, the operating

Technical Service

Ongoing fluid testing helps to track the “health” of the
fluid. Periodic top-up or freshening of the fluid can extend
fluid life and hopefully eliminate the costly practice of a
complete change-out. Always ask your potential fluid
supplier if he offers free periodic testing of the fluid.
Certain fluid suppliers even offer a trade-in program,
11
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where used fluid can be returned for partial credit for new
top-up material.
If the end user is unfamiliar with the various fluids,
there are experienced resources available to assist in
determining the most appropriate fluid to use.
The choices of fluids that are available are numerous,
and there is no one ideal fluid for all systems and
applications. Careful consideration of the properties of
various fluids can help the end user make an informed
choice to narrow the selected fluid choices to one of
performance and value for the particular application.

Choosing the Heat Transfer Fluid
Paratherm Heat Transfer Fluids:

CHANGING the GAME

Author’s Note: Certain fluid brand names are cited in this
article. These names are included only as examples of different
available heat transfer fluids. Listing of these brand names
should not be construed as an endorsement of these products
or as preferential treatment of their manufacturers. – JH

SERVICE
Industry leading customer service
featuring 24/7 availability
PERFORMANCE
Superior product quality, efficiency &
thermal stability
C O M PAT I B I L I T Y
Comprehensive product portfolio gives users
options to replace existing fluids
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1. “Thermal Fluids – An Overview,” originally published
in the June 2006 Issue of Process Heating, can be found
online here.
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Fluid Testing: It Pays to Pay Attention
Regular fluid testing can result in longer fluid life, more consistent system operation,
decreased system maintenance and lower operating costs.

H

eat transfer fluids that are not monitored and
maintained can have adverse effects on operating
equipment and manufacturing processes. In
extreme cases, improperly maintained heat transfer fluids
can be a safety risk. Periodic analysis of heat transfer fluids
provides the owner with the information needed to make
informed decisions regarding fluid maintenance.

Case in Point

I was called to a plant that uses oil-heated embossing rolls
as an integral part of the process. The plant’s reject rate was
up and production speed was down due to an increase
in the temperature difference (ΔT) across the rolls. This
phenomenon was noticed on all the rolls in the plant.
In the course of the normal barrage of troubleshooting
questions, I asked, “When was the fluid last sampled and
tested, and may I review those results?”
Silence.
The fluid, which was a high performance fluid from a
well-known manufacturer, had never been tested in the
seven-year life of the system. The owner did not think that
fluid testing was necessary because he used a “good” fluid,

There are many tests and test methods to monitor fluid condition and performance. Photo courtesy: MultiTherm

and because the system had been specified and designed
by a reputable engineering firm. The system had a closed
expansion tank with a nitrogen blanket system, and the
owner assumed (there’s that word again!) that the fluid
was adequately protected.
What the owner had failed to take into account was
13
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CHOOSE PARATHERM
Other Hot Oils

SERVICE
Industry leading customer service
featuring 24/7 availability

As a fluid degrades and gains viscosity, its intrinsic heat
transfer properties change. Photo courtesy: MultiTherm

that when the embossing rolls were changed (a regular
occurrence), the replacement rolls were installed with an
appreciable amount of air inside. This air introduced a small
amount of oxygen into the system each time the rolls were
changed. Over time, the fluid became highly oxidized.
One property of oxidized fluid is an increase in viscosity.
In this case, the increased viscosity was sufficient to affect
pump performance and reduce turbulence in the rolls,
both of which contributed to the adverse changes in
system performance.
The fluid was changed, piping was modified and

PERFORMANCE
Superior product quality, efficiency
& thermal stability
C O M PAT I B I L I T Y
Comprehensive product portfolio gives
users options to replace existing fluids
Paratherm.com
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procedures were put in place to mitigate further fluid
oxidation. One of the procedures was semi-annual fluid
testing.

Fluid Testing
transfer systems and also can cause problems if not
properly managed.

Oxidation

Types of Fluid Degradation

For this discussion, oxidation is not to be considered
burning. Free oxygen in the fluid can combine slowly and
in small quantities to chemically alter the fluid. Oxygen
can combine with hydrocarbon molecules to form, among
other things, carboxyl end groups (CEGs). CEGs are the socalled functional groups of carboxylic acids, a large family
of organic chemicals.

For purposes of this article, observations about fluid
degradation will be limited to petroleum-based and
synthetic aromatic hydrocarbon fluids. This will cover most
users and will avoid this article becoming a treatise on
organic chemistry. Silicone-based and glycol-based fluids
also suffer degradation but not in the same manner as the
more commonly used hydrocarbon fluids.
Materials that are selected as heat transfer fluids
are generally chosen because they have good intrinsic
properties for heat transfer, and they are relatively stable
at elevated temperatures.
Notice the term “relatively.” All hydrocarbons will
break down or degrade in some manner at elevated
temperatures, but heat transfer fluids degrade less than
other organic compounds. The fact that slow degradation
occurs is one reason fluids should be regularly sampled
and tested. Test data will allow the owner to determine
the best time to supplement or replace fluid before it can
cause problems.
Fluids generally degrade via two paths: oxidation
and cracking. An additional contributor to poor system
performance is water, which can find its way into heat

Cracking is most prominent in systems
that operate the heat transfer fluid at or
very near the fluid’s maximum rated bulk
temperature for extended periods.
CEGs are chemically active and are constantly looking
for something else to react with. This reactivity allows the
oxidized molecules within the heat transfer fluid to react
with other oxidized or non-oxidized molecules and form
high molecular-weight molecules in the fluid. The high
molecular-weight compounds may or may not be soluble
in the parent fluid. Oxidation also can follow a path that
leads to free carbon in the fluid.
Fluids that are oxidized often exhibit increases in
viscosity and can carry free, insoluble solids. Oxidized fluids
15
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Fluid Testing
Paratherm Heat Transfer Fluids:

CHANGING the GAME

Fluid properties are used to define fluid flow rates and
temperatures on the process side of the system and also for
the fluid heater manufacturer’s use in sizing his equipment.
Photo courtesy: Gaumer

SERVICE
Industry leading customer service
featuring 24/7 availability
PERFORMANCE
Superior product quality, efficiency &
thermal stability
C O M PAT I B I L I T Y
Comprehensive product portfolio gives users
options to replace existing fluids

can have a negative impact on heat transfer by leaving
solids in heat transfer equipment, coating heat transfer
surfaces and clogging up passages. Fluids with high solid
loading also can reduce the pump’s mechanical-seal life.
Also, as a fluid gains viscosity, its intrinsic heat transfer
properties change, namely as a lowering of the heat
transfer coefficient. This can cause subtle and hard-todiagnose problems in the system. Oxidized fluids, by
their acidic nature, can potentially corrode carbon steel
components if not replaced.

Paratherm.com
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Oxidation often is seen in small, cabinet-style fluid
heaters and in larger systems that have expansion tanks
that are vented to atmosphere. But, as seen in the case in
point noted at the outset, oxygen can find its way into the
system by other paths as well.

Fluid Testing

Thermal Fluid Sampling device
SaFe - Simple - accuraTe

Cracking

Safely capture

Cracking is the thermal destruction of the heat transfer
fluid through overheating, or through holding the fluid
at a high temperature for a long period of time. The high
temperature actually causes the molecules of the fluid to
break into smaller molecular pieces, i.e., to crack. All fluids
will undergo some thermal degradation over time. The rate
of degradation is based on several factors.
Cracking is most prominent in systems that operate the
heat transfer fluid at or very near the fluid’s maximum rated
bulk temperature for extended periods. Cracking also is
seen in systems where the fluid’s maximum recommended
film temperature is exceeded. This can be caused by the
heater not having been matched with the heat transfer
fluid or in heaters that have very high heat transfer rates.
Electric heaters with high watt densities or heaters where
the fluid is allowed to be throttled can accelerate fluid
cracking. Fired heaters with relatively small radiant heat
transfer sections also can exacerbate cracking.
Fluids that are cracked will often exhibit lower viscosities,
high vapor pressure and depressed flashpoints. While the
low viscosity does not pose a direct threat to the process,

SampleS at operating
temperatureS

eaSy to Setup and
operate

improved Sample
accuracy verSuS
traditional methodS

portable and
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permanent
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available

heaT exchange and TranSFer, inc.
www.heat-inc.com - 412.276.3388
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Fluid Testing
Water

TABLE 1. SUMMARY OF FLUID TESTS
Test

Reference Test[1]

Target Value[2]

Corrective Action

Water

ASTM D-203

< 200 ppm

> 500 ppm

TAN[3]

ASTM D-664

< 0.2

> 1.0

Flashpoint

ASTM D-92

± 10 percent of spec

- 20 percent of spec

Viscosity

ASTM D-445

± 10 percent of spec

± 30 percent of spec

Percent Solids

SAE ARP-785

<1 percent

> 5 percent

Boiling Range

ASTM D2887

Consult manufacturer

Consult manufacturer

Water can find its way into a system in new fluid, through
leaking heat exchangers, and by atmospheric aspiration
in expansion tanks that are vented to atmosphere, among
other ways.
Water in heat transfer systems exhibits extremely high
vapor pressures and can cause problems with pump
cavitation and with flashing at other points in the system.
As an example, water at 500°F (260°C) has a vapor pressure
of approximately 680 psia — high enough to cause plenty
of trouble. Large concentrations of water can be disruptive
to system operation, and every effort should be made to
keep water out of the system.
The startup procedures for new systems and systems
with new fluid charges should include a slow heatup while
circulating through the expansion tank with an open vent.
This will safely remove any water prior to the fluid and
system being increased to operating temperatures.

Generally accepted standards. Consult with your supplier or laboratory, which may or may not use this method.
Other methods are acceptable. Consistency is important.
General comment. Consult fluid supplier for recommended values.
[3]
Total Acid Number
[1]

[2]

Table 1. While there are many tests and methods to monitor
fluid condition and performance, these six tests are the most
common and will provide useful information for evaluating
fluid condition.

Common Fluid Tests

the high vapor pressure can be problematic. High vapor
pressure can contribute to pump cavitation and, in severe
instances, cause vaporization in the heater. Depressed
flashpoints are generally accompanied by depressed fire
points and depressed autoignition temperatures, which
can be a safety concern.
Oxidation and cracking are generally not exclusive of
each other and can occur simultaneously.

While there are many tests and test methods to monitor
fluid condition and performance, several tests are most
common in the industry and will provide useful information
for evaluating the fluid (Table 1).

Water Content

The system should always be sampled and tested for water
content after new fluid is added, after the system has been
18

previous/next article

BACK TO
TO CONTENTS
BACK

SECTION ONE:
TITLE FLUIDS
HERE

Fluid Testing

down for a period of time, or if a heat exchanger leak is
suspected. Many plants have laboratory apparatus for
checking water content, and this test can occasionally be
run locally.

Viscosity

The causes for changes in viscosity have already been
touched on. Changes in viscosity — an increase or decrease
— can be an indicator of degradation. Checking viscosity is
a quick test that often can be done at the plant site.

Total Acid Number (TAN)

The TAN test is a titration that determines how much of a
standard base solution the fluid can neutralize. It is basically
a measure of the number of carboxyl end groups (CEGs) that
have been generated through oxidation. In systems that are
subject to oxidative degradation, this is an extremely useful
and informative test to track the rate and degree of oxidation.

A sample cooler will lower the temperature of the fluid to a
safe handling temperature. Photo courtesy: Sentry Equipment

Solids also can contribute to reduced mechanical-seal life.

Flashpoint

Flashpoint is the lowest temperature where a substance
will burn if presented with a source of ignition. A reduced
flashpoint value is an indication of cracking, where the
fluid degrades into low molecular-weight molecules, but it
also can indicate fluid contamination.
Even though, in practice, most fluids are operated above
their flashpoints, it is considered good practice to track this
property and take steps to keep the flashpoint close to the
manufacturer’s specification.

Percent Solids

The presence of solids is an indication of oxidative
degradation, but it also can indicate cracking, depending
on what chemical species are formed when a particular
fluid degrades.
Solids can be hard particulates, or they can be soft and
sticky. They can plate out on surfaces and impede heat
transfer, or they can collect in places that impede flow.
19
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Fluid Testing
will lower the temperature of the fluid to a safe handling
temperature as well as preserve volatile components of the
sample such as water and low boilers. A sample cooler can
be as sophisticated as a commercial cooler manufactured
specifically for the purpose or a simple as a coil of tubing in
a bucket of water.
With your bucket filled with cool water or the cooling
water to your sample cooler turned on, open the sample
valve to produce a small, manageable stream of heat transfer
fluid. Run about 1 liter of fluid into a collection bucket before
catching your sample in a second clean container.
Many fluid manufacturers supply convenient sample
kits for use in sending samples in for testing. These kits
have a clean sample container and a return shipping box
adequate for sending the sample back to the laboratory.
The kit also contains (or should contain) a sample request
form that allows identification of the sample and a standard
means of communication with your testing laboratory.
Always include a safety data sheet, attached to the outside
of the shipping box, with your return sample.

This test can be performed by distilling the sample and
recording the vapor temperatures at various points in the
distillation. Boiling range also can be determined by means of
chromatography, which is a chemical test that separates the
various constituent molecules in the fluid sample by relative
boiling point order. The value of chromatography is that it
can help identify specific chemical species in a sample that
were not in the fluid when it was manufactured. As this test is
a key to assessing fluid degradation, expert interpretation of
the results is necessary.
If unsure of methods or procedures, the owner should
consult with the fluid supplier or other experienced
resources for assistance with sampling methods that will
yield representative samples. The same resources also can be
of assistance in interpreting the test results reported back.

Take Representative Samples

The most convenient place to sample your heat transfer
fluid does not always yield the most representative result.
There is no substitute for collecting the sample from the
main circulating loop while the system is in operation.
This does not mean taking a sample from a gauge port
wearing only a leather glove, though. Safety is the most
important consideration.
The owner should consider the use of a sample cooler
and a dedicated sample valve for sampling. A sample cooler

Get Meaningful Test Reports Back

It is the owner’s responsibility to request the tests that are
required to track the condition of the heat transfer fluid.
In this section, we have listed and reviewed the important
tests that are required. The owner should specifically list
the tests that are desired on the sample request form that
20
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accompanies each sample, thus ensuring that appropriate
tests are conducted and reported.
At times, the owner may purchase the facility’s fluid
from its local lubrication distributor. Most lube-oil
manufacturers market a heat transfer product through
their distribution network. The distributors offer oil testing
as part of their service and will test any heat transfer fluid
along with other products.
Two potential problems are that lube oils are not usually
appropriate for use as heat transfer fluids, and the tests
that are performed for lube oils are not always appropriate
or informative for heat transfer fluids. Lube oil is tested for
metals, which would signal mechanical wear inside the
mechanical equipment, and nonmetallic contaminates
such as silicon, sodium and potassium. While these results
are informative for lubricants, they provide little useful
information for heat transfer fluids.
Many lubricant test laboratories are, however, capable
of performing the tests mentioned in this article. They
simply need to receive a proper request to provide it.
Sampling and testing do not take a great deal of time,
nor do they cost much money. Regular fluid testing can
result in longer fluid life, more consistent system operation,
decreased system maintenance and lower operating costs.
Finally, the knowledge gained from regular testing is
invaluable in charting the condition of the fluid. It is a great
troubleshooting tool when problems do occur.
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Fired Thermal Fluid Heaters
The answer to a good thermal fluid heater lies in understanding your process and its specifics,
including the required fluid flow rate, process fluid temperature setpoint, fluid allowable film
temperature, emission restrictions, and what add-ons are needed to enhance combustion efficiency.

I

t was previously stated that choosing the proper heat
transfer fluid is the single most important spec decision
for optimal process performance when putting together
a new thermal fluid system. That decision influences all other
considerations and can often make the difference between
a system that performs well and one that does not.
That being said, the most visible and challenging
component in the thermal fluid system is, of course, the
heater. In this article, I’ll be discussing the challenges
involved in properly specifying and selecting a direct-fired
thermal fluid heater.
The thermal fluid heater has to perform several jobs
efficiently:
• It has to have high combustion efficiency.
• It has to heat the thermal fluid gently enough not to
overheat and damage the fluid.
• It has to have sufficient burner turndown and control
capability to provide proper temperature control over
the entire expected thermal demand range of the
process.

Most thermal fluid heaters are constructed by fabricating
a heat transfer coil (or multiple coils) from pipe. Photo
courtesy: Coastal Chemical
22
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Heater Design

There are a large number of heater designs available,
including serpentine coil, helical coil, dual-helical coil
and cabin heaters, to name a few. There are also heater
designs that are unique to one manufacturer. In this
article, the discussion will be limited to serpentine coil,
helical coil and dual-helical coil heater designs because
they represent the bulk of heaters sold into the process
and converting industries.
Most thermal fluid heaters — and all of the heater
designs discussed in this article — are constructed by
fabricating a heat transfer coil (or multiple coils) from
pipe. The coil is installed inside an insulated shell. The shell
supports the coil and the burner, and it also directs the flue
gas in the desired path for optimum heat transfer.
Fired thermal fluid heaters transfer heat from the flame
to the fluid by two processes:

Process Heating Systems and Services

• Radiant heat transfer.
• Convective heat transfer.

Standard & Custom Solutions
for Process Heat
in Industrial Applications

In radiant heat transfer, the flame literally shines on the
heat transfer surfaces. Radiant heat transfer can account
for more than 50 percent of the total heat transfer in the
heater, depending on heater-coil design and the fuel
being burned.
In convective heat transfer, the hot flue gas is directed

www.sigmathermal.com
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over or past heat transfer coils, and it transfers heat
directly to the pipe wall. It is important to note that the
flame should never directly impinge on the heat transfer
coil surfaces.

Serpentine Heaters

Serpentine heaters are the oldest design that will be
discussed. They have a separate radiant section — the
serpentine coil — and a convective section. The cylindrical
shell can be oriented either vertically or horizontally, with
most older heaters being vertical. The serpentine coil
consists of pipes that run parallel to the heater shell and
are connected to each other at the ends with 180° elbows

A two-pass heater has a single helical coil. Photo courtesy:
Heatec Inc.

A Few Thoughts on Codes, Standards and Recommended Practices
There is a seemingly endless list of codes,
standards and recommended practices that
govern, well, almost every part of our lives.
They are largely intended to mitigate the
instance of life-safety events that damage
or destroy property and, most importantly,
harm people.
So, what’s the difference between the three
documents? The National Fire Protection
Association (NFPA) is the steward for several
hundred codes, standards and practices
and offers their own definitions. Other
organizations such as ASTM, ASME and API

will have their own definitions as well, which
are similar to the excerpts included here.
The formal language of a standard is
sometimes a little confusing, so, put another
way:
A recommended practice is a document that
organizes generally accepted good practices
into a format that can be followed in the
execution or specification of the subject of
that particular document. The guidelines in
Recommended Practices are not mandatory.
A standard is a document that organizes
generally accepted good practices into a

format that must be followed in the execution
or specification of the subject of that particular
document. The guidelines in Standards are
mandatory.
NFPA differentiates between recommended
practices and standards in this way:
Recommended Practice. A document
that is similar in content and structure to
a code or standard but that contains only
non-mandatory provisions using the word
“should” to indicate recommendations in the
body of the text.
Standard. An NFPA Standard, the main text
(continued on the next page)
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of which contains only mandatory provisions
using the word “shall” to indicate requirements
and that is in a form generally suitable for
mandatory reference by another standard of
code or for adoption into law.[1]
So, what is a code? A code looks and reads
like a standard, but it has been legislatively
adopted and is enforceable as a law. A
code is overseen and enforced by various
governmental enforcement authorities.
Examples of recommended practices include:
• API RP 556 – Instrumentation and
Control Systems for Fired Heaters and
Steam Generators

Fired Thermal Fluid Heaters

• API RP 2001 – Fire Protection in Refineries
Examples of standards include:
• NFPA 87 – Standard for Fluid Heaters
• NFPA 86 – Standard for Ovens and
Furnaces
• ANSI / ASME CSD-1 – Controls and
Safety Devices for Automatically Fired
Boilers
• API STD 560 – Fired Heaters for General
Refinery Service
Examples of codes:
• NFPA 54 – Natural Gas Code
• NFPA 70 – National Electrical Code
• NFPA 85 - Boiler and Combustion

Systems Hazards Code
• ASME Boiler and Pressure Vessel Code
The reader is encouraged to become familiar
with the codes and standards pertaining to
the equipment being specified, procured and
installed. The committees overseeing each
documents represents, literally, hundreds of
years of expert experience, and the benefits
of the guidance in each document outweighs
any inconvenience.
Source: NFPA 87-18 – Fluid Heaters, Chapter 3.

[1]

Purchase these standards at:
nfpa.org, api.org, and asme.org

Helical-Coil Heaters

to form a continuous coil. Spaces exist between the coil
elements that expose the refractory lining of the heater shell
to the flame.
The flame radiates onto the side of the pipe facing the
flame and on the exposed refractory behind the pipes.
Over time, the exposed refractory becomes hot and reradiates heat onto the back of the coil. This is the benefit
of the serpentine-coil design. It spreads the radiant heat
flux over more surface area and can heat the fluid more
gently. Convective heating is accomplished by directing
the flue gas through a separate convective heating
section, which consists of a coil that is made of closely
spaced rows of pipe.

Helical-coil heaters are constructed by fabricating a closely
wound coil of pipe, which is then stitch welded to form a
hollow cylinder. The cylindrical coil is mounted inside an
insulated heater shell with a small gap between the outside
of the coil and the heater shell wall.
The radiant section of the coil is approximately the first
two-thirds of the inside of the coil. When the flue gas gets
to the end of the heater shell opposite the burner, it is
directed back down the outside of the coil through the gap
to the burner end of the heater, where the stack breach is
located. Radiant heat flux is controlled by the diameter of
the helical coil relative the size of the flame.
25
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The heater can be used to circulate the hot thermal fluid to
one or more heat energy users within a closed-loop system.
Photo courtesy: Sigma Thermal

As with serpentine heaters, these heaters can be
mounted either horizontally or vertically. One advantage of
the helical-coil heater design is the ability to wind multiple
parallel-pipe circuits. Multiple fluid paths offer considerable
flexibility in matching heater capability to process-fluid
flow requirements. I have seen helical-coil heaters with as
many as four parallel fluid paths in the heater.

Dual Helical-Coil Heaters

Dual-coil heaters are also known as three-pass heaters
because the flue gas makes three passes through the
heater. Dual-coil heaters employ two helical coils nested
one inside the other. This adds additional convective area
26

previous/next article

BACK TO
TO CONTENTS
BACK

SECTION TWO:
TITLE HERE
HEATERS

Fired Thermal Fluid Heaters

to the coil system.
As with helical-coil heaters, the radiant heating section
is in the inside of the interior coil. The flue gas makes a pass
between the two coils and then a final pass between the
outer coil and the heater shell. The advantage of dual-coil
heaters is that they can be considerably more compact
than other designs. They often have higher combustion
efficiency because of the added convective surface area.
As with the other designs, these heaters can be mounted
either horizontally or vertically. Smaller vertical dual-coil
heaters often are arranged with the burner mounted
on top, firing down into the heater, which results in an
extremely compact installation.

Which Design Is Best?

The answer to this question depends on literally dozens of
considerations, including:
•
•
•
•
•

Required fluid flow rate.
Process fluid temperature setpoint.
Fluid allowable film temperature.
Emission restrictions.
Any accessories desired or used to enhance
combustion efficiency.

Additional considerations include the physical location
of the heater and how much room is available to install
the heater.

Process heaters are designed to directly heat a fluid product
as it flows through the heater. Photo courtesy: Heatec Inc.
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Fired Heater Codes and Standards
In the United States, three separate standards
govern the specification of thermal fluid heaters:
NFPA 87, ANSI / ASME CSD-1 and API STD 560.
NFPA 87, Standard for Fluid Heaters
NFPA 87 was developed specifically for fluid
heaters and contains guidance for both
combustion and for safety controls on the
fluid side of the heater, including expansion
tank level interlocks, expansion tank blanket
gas controls, and minimum flow interlocks, to
name a few. NFPA 87 is mandatory for heaters
with gross heat inputs greater than 12.5 million
BTU/hr.
ANSI / ASME CSD-1, Controls and Safety
Devices for Automatically Fired Boilers
CSD-1 is primarily a steam boiler standard. CSD-

1 applies to equipment with gross heat inputs
less than 12.5 million BTU/hr. CSD-1 defines
thermal fluid heaters and offers good guidance
for the combustion side of the equipment but
does not offer detailed guidance for the fluid
side of the heater.
API STD 560, Fired Heaters for General
Refinery Service
API 560 was developed to support the unique
applications that are found in the refining
industry. It is not seen very often outside of
that industry.
For heaters with gross heat inputs less than
12.5 million BTU/hr, readers are encouraged
to avail themselves of the fluid-side guidance
found in NFPA 87. Heater manufacturers can
easily comply with these requirements, and

Combustion Control System

the equipment owner will have a thermal fluid
heater that will be approved by loss risk insurers
and local authorities.
Other codes and standards that need to
be referenced in the heater’s equipment
specification include the ASME Boiler and
Pressure Vessel Code, the ANSI piping codes,
the National Electrical Code, insurance
standards (such as Factory Mutual), federal and
state environmental regulations, and OSHA.
This is far from a complete list.
Development of a detailed purchase
specification will help ensure that the
heater will conform to the many codes and
standards that help govern the manufacture
of this equipment, and it will help ensure that
manufacturers’ proposals will offer equivalent
pieces of equipment.

the owner’s loss risk insurer.
The fuel selection also is important. While natural gas
is the most convenient fuel choice, availability may make
it necessary to use other fuels, either as a backup or as the
primary fuel. Backup and secondary fuels include propane
and fuel oil (No. 2 and No. 6). Other fuels that this writer
has seen include wood chips and vegetable oil. Many
burners are equipped to burn two fuels, the most common
combination being natural gas and No. 2 fuel oil.

The specification of the burner and combustion control
system is as important a decision as the design of the
heater. The burner has to match the requirements of the
heater, both in heat input and flame shape. The burner
also has to have enough turndown capability to match the
variable heat demands of the process. This is one item that
is often overlooked by the inexperienced. The combustion
control system must conform to the requirements of
national codes and standards plus the unique demands of
28
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temperature can cycle as much as 40°F. For this reason, it
is as important to understand the lowest demand for heat
as it is to understand the maximum in order to properly
specify the burner’s capability.

While a few heater manufacturers install a proprietary
burner of their own design and manufacture, most heaters
are equipped with a burner and combustion control
system supplied by a third party. Standard industrial
burners are mounted on the heater and have a duct
running to a separate combustion-air blower mounted
nearby. Package burners have the combustion-air blower
mounted on the burner as a single unit. Package burners
are often less expensive and will work well in many
applications; however, burners with remote blowers can
offer flexibility in mounting and are easier to adapt to
special requirements such as heated combustion air or
emission control hardware.
The ability of the burner to turn down (to “throttle”) rests
in the design of the burner — it does not reside in the control
system. If the required process heat load is less than the
lowest output that the burner can attain, the thermal fluid
temperature will increase until the temperature exceeds
a preset limit, at which time the burner will be turned
off by the control system. The thermal fluid temperature
in the system will then immediately begin to drop. At a
temperature below the fluid setpoint temperature, the
control system will trigger the “call for heat” relay, which
will enable the flame safety programmer to restart the
burner. If the low fire output of the burner is higher than
the lowest heat demand of the process, the burner will
continually cycle on and off. As a result, the thermal fluid

Emissions

It is important to have the thermal fluid heater and burner
manufacturer provide estimates of the emissions that can
be expected from the equipment. This information can
be used to submit to local authorities to meet permitting
requirements.

If the low fire output of the burner is higher
than the lowest heat demand of the process,
the burner will continually cycle on and off.

Combustion Efficiency and Efficiency Enhancement

It is possible to spend more money in one year for fuel for
a thermal fluid heater than was paid for the heater in the
first place. That said, it should be obvious that selecting
a heater with optimum combustion efficiency should be
one of the owner’s primary concerns when specifying
a new heater. Combustion efficiency is determined
largely by the heater’s efficient extraction of heat in
the convective section. In addition to the heater’s basic
design, there are numerous ancillary devices that can be
installed to enhance efficiency. They include economizers
and combustion air preheaters.
29
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Economizers. These devices are gas-to-liquid heat
exchangers that allow the flue gas leaving the heater to
heat the returning thermal fluid before it enters the heater.
Simply stated, economizers are an extension of the heater’s
convective section.
Combustion-Air Preheaters. In an air preheater,
combustion air from a remotely mounted combustionair blower is directed through a heat exchanger, where
the combustion air is heated by the exiting flue gas.
These devices are effective, but they can contribute to an
increase in NOX production. The manufacturer’s emission
estimates should be reviewed by plant environmental
personnel as well as local authorities before specifying a
combustion-air preheater.

Fired Thermal Fluid Heaters

THE TOTAL
PACKAGE

www.heatec.com

If you need a complete heating system with
heaters, tanks, piping, pumps, controls, etc., or
you just need part of it, Heatec has you covered.
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Electric Heaters
Electrically heated thermal fluid systems are extremely useful, but the user should understand
what’s “inside the box” when specifying and purchasing this equipment.

I

depending on your utility’s production mix. As a general
statement, it can cost two to three times as much to heat
thermal fluid with electricity per unit of heat delivered as it
does to heat it with fossil fuels.
When preparing to purchase a new electric heater, it is
important to understand the details of construction as well
as the general types of equipment available.

n this article, I will review the specification of electric
thermal fluid systems. Electric thermal fluid heaters
serve several useful purposes for process heating
applications:
• They can be obtained with smaller thermal ratings
than the smallest fired heater, making them ideal for
smaller processes.
• They are compact and do not have to be located so
that a smokestack can vent flue gas.
• They can exhibit extremely deep turndown ratios,
allowing them to supply fluid at very consistent
temperatures over a wide range of heating demands.
• The equipment can be less expensive per BTU
delivered than fired heaters.

Heater Types

For purposes of this discussion, I will look at two major
types of electric heaters: portable (also called cabinet)
heaters and circulation heaters.

Cabinet Heaters

These are the smallest heaters generally available. In my
experience, I’ve encountered cabinet heaters as small as 6
kW (~20,500 BTU/hr) and as large as 50 W (~170,000 BTU/
hr). There are many manufacturers of these smaller heaters.
So, while there may be larger and smaller heaters available,
I have not seen them in my practice.
A cabinet heater is a self-contained system, typically
on casters, with a compact design. The enclosed cabinet

So why aren’t all thermal fluid heaters electric? The
answer is the fuel cost, which in this case is electricity.
The price of fossil fuel varies over time, and the cost of
electricity varies geographically. Renewable energy sources
(i.e., wind and solar) are not mature industries yet. In some
cases, they can actually add a penny or two per kilowatt,
31

previous/next article

BACK TO
TO CONTENTS
BACK

SECTION TWO:
TITLE HERE
HEATERS

Electric Heaters

run. These smaller heaters often are seen in services such
as plastic extruders, die-and-platen presses, laboratory
equipment heating and pilot equipment heating.
Because of the large number of manufacturers, there
is a wide assortment of capabilities in these units. Careful
evaluation of manufacturers’ offerings is important if the
user wishes to get a unit that performs well for long periods
of time. A specification that defines the requirements
for watt density of the heating elements, maximum
temperature rating, controls, materials of construction and
pump type is important in getting a good value for the
money spent. This is one instance where the lowest price
may not be the best value.
Choices of thermal fluid are also important for cabinet
heaters. The proximity of the expansion tank to the hot
piping can allow the expansion tank to run hot and
cause fluid oxidation. Low cost hot oils may not perform
acceptably in these heaters. A fluid with more resistance
to oxidation generally will be the “value” decision in a
cabinet heater.

Stationary heat transfer fluid heating systems are often built
to customer specifications. Photo courtesy: Mokon

contains the heating element, pump, expansion tank,
controls and all of the necessary valves for heater operation.
Cabinet heaters also are available with cooling options
that can be used to maintain the required temperature in
processes that involve cooling as well as heating.
Cabinet heaters are self-contained and ready to run
right out of the crate. This is truly plug-and-play technology.
Once on-site, users simply connect electric power and
the thermal fluid connections, and the system is ready to

Circulation Heaters

Circulation heaters can have capacities as small as the
smallest cabinet heaters but also can be very large. I
personally have worked with one system that was almost 1
MW (3,400,000 BTU/hr!), but this was an exception.
The two circulation heaters shown were supplied as
complete systems, including heating element and controls,
32
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A skid-mounted circulation heater can be supplied as a
complete system, including the heating element, controls,
pump and expansion tank. Photo courtesy: Heat Exchange
and Transfer Inc.

Electric Heaters

Process Heating Systems and Services

along with the pump and expansion tank. On other
systems, the circulation heater system may be supplied
with a control panel but not the pump or expansion tank.
This configuration allows system customization.
Circulation heaters generally are not offered as standard
or stock systems but are constructed to spec when ordered.
This allows the buyer to request any special features that
may be desired to optimize the system performance.
Circulation heater systems can be specified and

Standard & Custom Solutions
for Process Heat
in Industrial Applications
www.sigmathermal.com
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often are used when the arrangement of the equipment
to be heated does not allow a compact, skid-mounted
system.
As with cabinet heaters, the user is well advised to
develop a detailed specification for the equipment to
be purchased. The owner also is advised that using the
manufacturer’s proposal as the specification carries the
risk of purchasing a system with less than optimum
performance.

Specifying a System

A large number of electric thermal fluid systems are
available, and those systems exhibit a wide range
of capabilities. Of course, the owner always wishes
to purchase a system that will deliver the required
performance and not be burdened with reliability issues.
To achieve this, a number of issues should be understood
in order to specify a system that is adequate for the
application.

Remember that high watt densities result in high fluid film
temperatures, which can cause thermal degradation of the
fluid. Photo courtesy: Duratherm Heat Transfer Fluids

purchased as integrated systems — complete with pumps,
expansion tank and all valves — or as heater-only units
with electric heat exchangers and temperature control
systems. Both variants have their advantages.
The integrated systems offer the convenience of the
smaller cabinet systems and can provide the advantages
of more robust components, higher temperature ratings or
special control features.
The heater-only systems offer a considerable level of
freedom to customize the system. Heater-only systems

Thermal Fluid

As stated previously, the choice of thermal fluid is pivotal in
selecting the thermal fluid system components. The owner
should select his fluid based on his process requirements.
This selection should be transmitted to the equipment
manufacturer, so he can use the fluid properties to match
his equipment to the process requirements.
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The Electric Heat Exchanger

The heat exchanger is the heart of the electric heater
system. Heating elements are mounted in a flange and
inserted into one end of a metal container. Fluid circulates
through the container and picks up heat from the heating
elements. The buyer should be aware of several critical
concerns when ordering an electric heat exchanger — or
an entire system. They include:
•
•
•
•
•
•
•
•

Heat duty.
Watt density.
Baffles.
Flange.
Electric junction box.
Wiring.
Heat exchanger arrangement.
Piping materials.

I’ll take a brief look at each of those more specifically.

Heat Duty

The duty is simply the amount of heat per hour that needs
to be delivered to the thermal fluid and the process. One
kilowatt hour is equal to approximately 3,415 BTU/hr. The
amount of available excess heat is up to the owner, but
most will specify from 1.25 to 1.5 times the running load to
allow for heat up and extra demand.

Circulation heaters generally are not offered as standard or
stock systems but are constructed to spec when ordered.
Photo courtesy: Chromalox Inc.
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a heating element with a high watt density as a low watt
density. Manufacturers can save money, therefore, by
manufacturing higher watt density units — which equates
to a smaller package size — and sell equipment at a lower
cost while still meeting the total wattage requirement.
High watt densities, however, result in high fluid film

Heating elements are rated by how many watts per square
inch of heating element are delivered to the process.
This is the most critical fact to know and to specify when
purchasing an electric heat exchanger.
It costs the manufacturer little more to manufacture
Pertinent Codes and Standards
Listed below are a few codes and standards
that should be of interest to an owner wishing
to specify and install an electric thermal fluid
heater.
NFPA 87, Standard for Fluid Heaters
This standard applies to electric thermal fluid
heaters rated 150,000 BTU/hr input (44 KW)
and higher. Owners may wish to consider
whether the safety interlocks and other
features that are mandatory for larger systems
may be of benefit, from a safety standpoint, for
heaters with lower wattages as well.
NFPA 87’s published status changed from a
recommended practice to a standard in the fall
of 2017. Equipment manufacturers have been
adjusting to this at varying speeds. There are a
wide variety of electric heater manufacturers,
ranging from small catalog standard systems
to units that are custom made to order, and
they sell into widely varying markets.
That said, it is the owner’s responsibility to
ensure that any liquid heaters purchased meet

the codes and standards that are applicable to
the owner’s facility and operation.
ASME Boiler and Pressure Vessel Code,
Section VIII, Division 1
In general, Section VIII applies to vessels that hold
1 ft3 (7.48 gal) or higher and are to be operated
at a gauge pressure of 1 atmosphere (14.7
psig) or higher. Some electric heat exchanger
manufacturers will argue that, because the heat
exchanger is fabricated from pipe, the heat
exchanger is simply a “wide spot in the pipe.”
Thus, it does not require registration as a pressure
vessel. I live in North Carolina, and I know that
argument does not fly in this state. The owner
may wish to confirm with his local authority
having jurisdiction whether the electric heat
exchanger needs to be code rated or not.
Mandatory Appendix 41 – Electric
Immersion Heater Element Support Plates
The support plate for electric heat exchangers
probably going to be a blind pipe flange with

many holes drilled in it for the electric heating
elements. Theoretically, one hole will weaken
the plate a little and, practically, a lot of holes
have a calculable effect on the plate’s strength.
Appendix 41 gives guidance for the design of
the support plate that allows the heat exchanger
designer to choose a plate or blind flange of
appropriate thickness that will have the strength
required after all the holes are drilled in it.
NFPA 70, National Electrical Code
Article 425 in the NEC is entitled “Fixed
Resistance and Electrode Industrial Process
Heating Equipment.” The most pertinent detail
from this section is that electric heating circuits
are limited to 48 A. If the heating requirement
would call for more than 48 A, then the circuit
may be subdivided into multiple circuits. It is
permissible for more than one circuit to be
assigned to a single heat exchanger.
The owner may wish to check each leg of each
circuit in a new piece of heating equipment to
have a formal record of performance.
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temperatures, which can result in thermal degradation of
the fluid.
Smaller cabinet heaters sometimes have watt densities
higher than 30 W/in2. Larger circulation heaters may have
much lower watt densities, depending on the process
temperature and the thermal fluid chosen. As a point
of reference, electric heat exchangers for water service
— where film temperature is less of an issue — can be
higher than 60 W/in2. The owner is encouraged to ask the
heater manufacturer to provide an estimate of the fluid
film temperature for the electric heat exchanger when
operated with the specified fluid at the design temperature
of the system.

Electric Heaters

THE TOTAL
PACKAGE

Baffles

The heating elements should have baffles — or some other
internal fluid flow design — to help direct the fluid over
all parts of the heating elements equally. This will ensure
that that no areas of low or no flow exist inside the heating
element, which would result in extreme fluid degradation.

Flange

www.heatec.com

The electric heat exchanger is part of the system piping
and should conform to the system’s piping specification.
Here again, the manufacturer can save money by using
a lower rated flange such as ANSI Class 150 lb. A higher
rated flange, however, like ANSI Class 300 lb, may be more

Heatec doesn’t just make equipment, we do
design, engineering, and installation too. We
have you covered from start to finish.
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Electric Heaters

be installed with an air gap between the flange and the
electrical box to help reduce the amount of heat transmitted
to the terminals.

Wiring

The possibility of elevated temperatures in the electrical
junction box always exists. To combat this, wiring in the
terminals should have high temperature insulation capable
of withstanding 300 or even 400°F (~150 or even 200°C).

Heat Exchanger Arrangement

It is important to understand how the heat exchanger is to
be mounted. Units mounted vertically, as is typical in many
cabinet heaters, take up less room but position the junction
box directly over the heat exchanger, increasing the heat
transmitted to the junction box and electrical terminals.

A cabinet heater is a self-contained system, typically on
casters, with a compact design. Photo courtesy: Mokon

appropriate to prevent fluid leaks. (For more on this, see
the codes and standards near the end of this eBook.)

Piping Materials

The piping materials inside an electric thermal fluid system
should be the same as the piping materials used in the
process. Threaded pipe should be avoided, if possible,
because it presents the possibility of leaks.
Also, smaller systems sometimes utilize copper tubing
or brass valves in their systems. Copper (and any coppercontaining alloy) should be avoided in thermal fluid
systems. Copper is a reactive metal and will act to catalyze
the chemical degradation of the fluid.

Electrical Junction Box

The electrical junction box mounts on the flange of the
heating element. The junction box needs to meet the
electrical classification of the area in which the unit is
installed. It also needs to be sufficiently robust to withstand
the temperature that will be conducted by the heating
element ends.
On very high temperature units, the junction box may
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Electric Heaters

ElEctric thErmal Fluid SyStEmS

The specifying engineer should evaluate the pump
provided with a system. Many smaller systems have gear
pumps while larger systems have centrifugal pumps. The
pump often is the most visible component of a thermal
fluid system because it requires the most maintenance.
Evaluate the maximum temperature rating of the pump and
seal provided and compare it with the fluid temperature
required by the process.
A manufacturer’s standard pump may sometimes be an
inexpensive unit that will perform the duty required but
may give trouble down the road. It is worth considering
upgrading the pump, if available, to have a robust, reliable
piece of equipment that will last. When I design systems,
the available pump choices (or lack of choice) often drive
me to purchase a circulation heater without a pump and
specify a robust pump to be installed in the field.

Engineered for Your Process

Never ComPromise sAFety,
QuAlity or PerFormANCe
NFPA87 ComPliANt DesigNs
siNgle FluiD
HeAt/Cool systems

Expansion Tank

When specifying a heater, always tell the potential vendor
the total system volume. That value will be used in
determining the proper size for the expansion tank.
Ideally, expansion tanks will be piped to allow full
fluid flow through the system during startup and later
have only a single expansion leg when the system is at
temperature. (Also, see the article on expansion tanks later
in this eBook for more detail on specifying and operating
expansion tanks.)

hEat ExchangE and tranSFEr, inc.
www.heat-inc.com - 412.276.3388
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Thermal Fluid Pumps
Selecting thermal fluid pumps of appropriate mechanical design, sizing the pumps to deliver the
proper flow to the heater and heat users, and making sure they are properly installed are critical
steps to specifying a thermal fluid system that offers optimal performance and long-term reliability.

W

hile the thermal fluid pump’s obvious job is
to move the fluid through the heater to the
equipment using the fluid, the selection of pumps
is critical to proper heat transfer and to the successful longterm reliability of the system. For proper heat transfer, the
pump must be selected to supply proper flow to the heater
and the rest of the system.
Also, unless the system has rotary joints, the pump will
be the highest maintenance component in the system. The
pump must be constructed of the right materials and have
the correct design to prevent leakage and provide reliable
service. Finally, though often overlooked, the pump must
be properly installed with the correct piping arrangement.

Pump Designs

The majority of thermal fluid pumps are either positivedisplacement or centrifugal pumps. The centrifugal pumps
can be further differentiated into mechanically sealed
pumps and sealless pumps.

Figure 1. Positive-displacement pump in high temperature
service. This pump has a vent and drain gland which allows use
of a steam quench to reduce fluid oxidation in the mechanical
seal. Photo courtesy: Viking Pumps, a unit of IDEX Corp.
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Thermal Fluid Pumps

the fluid is transported through the pumps via a system
of meshing gear teeth. The fluid fills the space between
the teeth and is forced from the suction to the discharge
of the pump.
In order to operate safely and properly, positivedisplacement pumps need to be:
• Protected from deadheading by a pressure-relief
valve.
• Fitted internally and externally with the proper
materials for heat transfer service.
• Supplied from the manufacturer with the proper
clearances.
• Provided with the proper mechanical seal installed for
thermal fluid service.

Figure 2. This pump curve shows the relationship between
flow and head at various impeller diameters. Other important
information includes the efficiency of the pump at any point and
the horsepower consumed if the pump were pumping water.

To make sure that the proper pump is supplied, the
end user should consult with the positive-displacement
pump manufacturer directly. The manufacturer can help
determine the correct specification for pumps for thermal
fluid service.
Many positive-displacement pump distributors carry
pumps in inventory and may offer a standard pump
for thermal fluid service. This may result in a pump that
perform poorly, exhibits maintenance problems or both.

Positive-Displacement Pumps

While not seen as often as more conventional centrifugal
pumps, positive-displacement pumps are used with some
regularity in thermal fluid service, particularly in small
electric package heating systems and in certain fired
thermal fluid heaters (Figure 1).
Though there are many different designs for positivedisplacement pumps, the design seen most often in
thermal fluid service is a gear-type pump. In this design,

Centrifugal Pumps

The vast majority of thermal fluid pumps are centrifugal
41

previous/next article

BACK TO
TO CONTENTS
BACK

SECTION THREE:
TITLE HERE
PUMPS
pumps. Centrifugal pumps move fluid with an impeller
that imparts its velocity to the fluid, so the flow of fluid
in the pump is variable. It varies with the backpressure
encountered by the fluid as it moves through the system.
The discharge pressure of a centrifugal pump is correctly
expressed in feet of head. A typical pump curve for a
centrifugal pump is shown as Figure 2.
Numerous manufacturers that make centrifugal pumps
for thermal fluid service, including domestic (US) and
imported models. To varying degrees, these pumps handle

Thermal Fluid Pumps

the higher temperatures of thermal fluids with features
such as:
• Upgraded materials.
• Enclosed impellers.
• Improved seals (some with novel methods of keeping
the seal cool and away from oxygen).
• Higher rated flanges.
• Centerline casing support.
• Other upgrades.

Desirable Features of Centrifugal Pumps for Thermal Fluids
Hydraulic Performance
While it is only part of the task of specification,
specifying proper hydraulic performance is
the single most critical item affecting pump
performance. Hydraulic performance includes
flow, head and Net Positive Suction Head
Required (NPSHR). The flow and head need
to match the hydraulic characteristic of the
circulating loop, and the NPSHR needs to be
satisfied by the static head and blanket gas
pressure of the expansion tank.
Casing Design
Casing design is affected by three
considerations: thermal fluids’ tendency
to leak, the need to maintain mechanical
alignment within the pump, and the large pipe
loads that can be encountered in thermal fluid

systems. More often than not, this results in a
pump with 300 lb flanges having a casing that is
centerline mounted, with a high performance
casing gasket.
Impeller Design
Fully enclosed impellor designs are not
dependent on clearance with the casing.
They operate consistently over the entire
temperature range of the pump.
Materials of Construction
The materials of the pump casing, rear cover
(also called the “back head”), bearing adapter
frame and impeller should be specified of
materials compatible with the fluid being
pumped. The materials selected also should
be resistant to thermal shock.

Base Plate Design
A fabricated steel baseplate is heavier
and stiffer than a traditional channel steel
baseplate. It offers a more stable platform to
maintain alignment between the pump and
driver. Also, it is extremely important that the
baseplate be leveled properly and anchored to
the pump foundation.
Mechanical Seal Considerations
Metal bellows mechanical seals with carbon
graphite static seals and gaskets should be
employed. O-ring seals — particularly seals
with dynamic O-rings — should be avoided.
Environmental controls that help to cool
the fluid around the mechanical seal and
also protect the seal faces from contact with
atmospheric oxygen will extend seal life.
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Thermal Fluid Pumps

These pumps carry temperature ratings from 600°F to
as high as 850°F (316 to 454°C), and they can handle almost
any thermal fluid application. Figure 3 shows a typical
pump specifically made for thermal fluid service.
One mistake that I have seen more than once is end users
that use standard process pumps in thermal fluid service.
The reasoning is that the owner may have a large supply
of spare parts common to these pumps. Process pumps —
while adequate for general process service — generally do
not give satisfactory performance, nor do they exhibit the
same durability, as specific-use thermal fluid pumps.

Centrifugal Pumps Types

Let’s take a brief look at three major pump types used in
thermal fluid service:

Figure 3. This pump is manufactured for high temperature heat
transfer applications in the process industries. The heavy-duty
construction allows for operations as hot as 850°F and heavy
piping loads. The jacked seal chamber (not seen in photo) allows
for cooling of the mechanical seal. Photo courtesy: CECO Dean
Pump, CECO Environmental

• Mechanically sealed pumps.
• Sealless magnetically coupled pumps (often called
mag-drive pumps).
• Canned-motor pumps.

without serious damage to the pump.
Sealed pumps include oil-lubricated bearings that
reside outside the pumpage. These bearings can wear out
prematurely if they are allowed to run too hot and if the
quality of the lubricating oil is not maintained. (More on
cooling later in this article.) Efforts should be made to ensure
that oil levels are adequately maintained. Remember that
the oil level in the side-mounted oiler only indicates how

Sealed Pumps

Sealed pumps are more numerous by far than sealless
pumps in the United States (Figure 4).
Purpose-built sealed thermal fluid pumps are generally
robust and reliable, and they cost less than their sealless
cousins. Sealed purpose-built thermal fluid pumps often
can survive brief periods of dry running or light cavitation
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Thermal Fluid Pumps

can introduce excessive vibration in the pump, which often
results in damage to the mechanical seal.
Sealed pumps for thermal fluid service should have
features that allow for adequate cooling of the mechanical
seal and the ball bearings. While some of these plans are
not listed in the most current standards (i.e., API 610), pump
manufacturers can still supply these plans in purpose-built
thermal fluid pumps (Table 1).
TABLE 1. PUMP AND SEAL COOLING PLANS FOR THERMAL FLUID PUMPS
Plan
API/ANSI Plan 21

Figure 4. The cross-sectional image shows a mag-drive thermal
fluid pump rated to 750°F (400°C). The drawing shows a finned
section between the pump casing on the left and the magnetic
drive on the right. This isolation protects the magnets from the
extreme heat of the pumpage. Photo courtesy: Dickow Pump

much oil is in the oiler! The oil level in the bearing housing
should be double checked with a bullseye indicator or a
level gauge.
In addition to oil level, the oil should be analyzed
periodically for chemical purity and for water, particularly
if a pump is operated intermittently. Multiple studies have
shown that tiny amounts of water in bearing oil can have
marked deleterious effects on bearing life. Worn bearings

Description
Recirculation from pump discharge through orifice and cooler to seal.Note:
This arrangement effectively cools the seal when a jacketed seal chamber is
not available.

API/ANSI Plan 22

Recirculation from pump discharge through strainer, orifice and cooler to
seal. Note: This arrangement is generally used ONLY when the pumpage is
dirty, and allows a clean, cool flush to reach the seal. The strainer requires
constant attention if this plan is to perform properly.

API/ANSI Plan 23

Recirculation from seal with pumping ring through cooler and back to seal.
Note: Effective in some instances, but little used in thermal fluid pumps.

API/ANSI Plan A

Cooling water to bearing housing jacket or a coil in the bearing housing.

API/ANSI Plan C

Cooling water to jacketed seal chamber.

API/ANSI Plan E

API/ANSI Plan G

Cooling water to jacketed seal chamber and to jacket or coil in bearing
housing in series. Note: This is the most commonly seen cooling plan on
purpose built thermal fluid pumps and on earlier edition API 610 pumps.
Cooling water to pump pedestals, jacketed seal chamber and to jacket or
coil in bearing housing in series. Note: Generally seen only in pumps that
operate at 700°F and above.

Source: American Petroleum Institute Standard 610, Seventh Edition, “Centrifugal Pumps for General Refinery Service.”
Note: Later editions of API 610 dispensed with the jacketed seal chamber, and dropped Plans C, E and others from the standard.
These plans are also shown in ANSI B73, “Specification for Horizontal End Suction Centrifugal Pumps for Chemical Process,” although
ANSI-spec pumps generally are not recommended for heat transfer service.
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Thermal Fluid Pumps
to reduce the pumpage temperature at the seal faces.
• Employ a quench on the seal gland.

If you are going to use cooling water to cool thermal
fluid pumps, it is highly advisable that the cooling
water be clean. Dirty water can quickly leave deposits in
the narrow passages in the cooling jackets, which can
significantly compromise proper cooling. Purpose-built
sealed thermal fluid pumps — constructed using unique
designs that allow air cooling of the bearings and seal —
are manufactured. These pumps often carry temperature
limitations, but they can be cost effective and reliable
when placed in an appropriate service.

If using a quench on the seal gland, generally API Plan
62 is used. This is an external fluid quench applied to the
gland on the atmospheric side of the seal. In thermal fluid
service, the quench medium can be either steam or an
inert gas such as nitrogen.

Mechanical Seals

Mechanical seals for thermal fluid service are generally
metal bellows seals with carbon graphite gaskets and
sealing rings.
It is important to remember that all construction
materials for your mechanical seals should have maximum
temperature ratings that are higher than the temperature
of the thermal fluid. This means that O-ring type seals —
particularly those with dynamic O-rings — should never
be used in sealing of high temperature pumps.
One of the most significant factors in reducing
mechanical seal life in thermal fluid pumps is oxidation and
coking of the thermal fluid on the seal faces. Two strategies
are generally employed in combating coking:

Figure 5. This mag-drive thermal fluid pump is rated to 750°F
(400°C). The finned tubes around the pump cool internally circulated
thermal fluid to control the internal magnet temperatures. Photo
courtesy: CECO Dean Pump, CECO Environmental

• Employ one of the cooling plans previously mentioned
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Figure 6. This canned-motor thermal fluid pump (top), rated to
750°F, has a small water-cooled heat exchanger at the top of the
pump to keep the motor windings cool. A cross-sectional view
of a canned-motor pump (center) shows how fluid is retained in
the rear of the pump and cooled by the external heat exchanger.
In this canned-motor thermal fluid pump (bottom), ultra high
temperature motor windings make external cooling unnecessary.
Photo courtesy: Teikoku Pumps USA / Chempump

Sealless Mag-Drive Pumps

Magnetically driven thermal fluid pumps resemble
sealed pumps in appearance — in that they are generally
horizontal end-suction pumps with a separate driver.
Mag-drive pumps differ from sealed pumps in that the
rear of the pump is completely sealed by an alloy “can.”
The impeller is driven by a set of magnets that rotate just
outside of the can. The impeller magnetically couples with
the magnets (or a copper ring) on the rear of the impeller
shaft. The impeller shaft is supported by ceramic bearings
that reside in the pumpage and are lubricated by the
pumpage (Figure 5).
Because the fluid is sealed with a static seal (the can)
rather than a dynamic seal (a mechanical seal), mag-drive
pumps do not leak unless they are damaged.
Mag-drive pumps first came on the scene in the
1950s, but they were heavy and inefficient because of the
magnets available at the time. Once ceramic, rare-earth
magnets became available, mag-drive pumps became
more efficient and affordable.
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The principal magnet material specified for magdrive thermal fluid pumps is samarium-cobalt, which is
very strong and has a high Curie Temperature. The Curie
Temperature, or Curie point, is the temperature at which a
magnetic material ceases to be magnetic. While samariumcobalt magnets are tolerant of heat, they still have to
be cooled in thermal fluid service. Cooling is generally
accomplished by placing a small impeller in the rear of
the pump with the magnets. This impeller circulates heat
transfer fluid from the rear magnet chamber, through an
external cooler and back to the rear magnet chamber and
keeps the magnets cool.
If properly installed and operated, mag-drive pumps
can run for extended periods of time without having to
be rebuilt. The internal ceramic bearings are hard and
wear very well, but they are brittle and cannot tolerate
mechanical shock. Mag-drive pumps are generally
intolerant of cavitation, slugging or dry running. It is
advisable to observe the pump for dry running conditions
by monitoring the motor amperage and immediately
shutting down the pump if a drop in amperage occurs.

Thermal Fluid Pumps

Comparing Sealless Pump Designs
Design differences between canned-motor pumps and mag-drive
pumps include:
• The containment shell in mag-drive is generally thicker, and
clearances are greater. This makes the mag-drive slightly more
tolerant of particulates in the pumpage.
• Bearing wear is easier to monitor in canned-motor pumps.
• The external motor housing of canned-motor pumps serves as
a double-containment shell.

a sealed canister, or “can.” The driving element in these
pumps is the rotating element of a three-phase motor that
has also been sealed to prevent the pumped liquid from
attacking the copper components. The rotating element
is supported by ceramic bearings that are lubricated and
cooled by the pumped fluid. A three-phase winding is
wound directly on the containment shell, and the impeller
is driven by the windings.
In canned-motor pumps, there is no separate motor, so
no mechanical coupling is required. Canned-motor pumps
are compact and do not require the heavy baseplate of
frame-mounted pumps with separate motors.
As with mag-drive pumps, canned-motor pumps are
intolerant of cavitation, slugging or dry running. Here also, it
is advisable to observe the pump for dry running conditions
by monitoring the motor amperage and immediately
shutting down the pump down if a drop in amperage occurs.

Sealless Canned-Motor Pumps

Canned-motor pumps represent a unique design because
the pump and motor have been combined into a single
unit (Figure 6).
As with mag-drive pumps, canned-motor pumps
also contain the impeller and the driving element inside
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create severe problems for a system.

System Pressure Drop

When purchasing a pump, the end user or system designer
should lay out the pipe and calculate the pressure drop
that is expected with the system operating at full rated
flow. The pump then can be sized to produce sufficient
head to overcome the friction loss and provide the rated
flow to the system.
Note also that the pumps must be designed for the
fluid viscosity and density properties at both the cold fluid
temperature and operating temperature conditions.

Static Head

Static lift — the lift to get the fluid to the highest point in
the system — does not apply in closed-loop systems during
regular operation. However, even in closed-loop systems,
the owner should always check the discharge head of the
pump against the elevation difference in the lowest and
highest point of the system to make sure that the pump
can get the fluid “over the top” when the system is filled the
first time.

A compact centrifugal canned-motor pump with integrated
motor, such as this one, can be used in high pressure and
high temperature applications. Photo courtesy: LEWA-Nikkiso
America Inc.

Pump Sizing Considerations

One of the principal problems I see when I go to plants
to diagnose poorly performing systems is low flow. In
this situation, the pump does not deliver enough fluid to
the heater for the burner to fire at 100 percent, causing
poor performance in the process. Low flow also can cause
higher than desired ∆T in the system, or higher than
desired film temperatures in the heater. Both of these
conditions — which can occur at the same time — can

Net Positive Suction Head (NPSH)

As for any pump, making sure sufficient NPSH is available
is critical, especially at higher fluid temperatures. (Please
refer to a pump text for more information on NPSH.)
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Horsepower

Pump horsepower is a function of flow, head, pump
efficiency and specific gravity. Many systems are plagued
with nuisance pump motor trips when the system is being
started from ambient temperature. Often, this is because
the pump motor was sized for the specific gravity of the
fluid at operating temperature — not ambient.
Thermal fluids expand as much as 30 percent from
ambient temperature to operating temperature. This
means that the specific gravity of the fluid is much
lower at high temperature and much higher at ambient
temperature. A motor sized for operating conditions may
not have enough horsepower to move the fluid at ambient
temperature during startup.

Installation

As has been stated before, the best pump available, even
properly sized and specified, will not perform or give
reliable service if it is not installed correctly.

Pipe Stress

Pumps are not pipe supports. I say this a lot because it
is one of the most popular ways that end users have of
abusing their pumps. Piping that may not bear heavily
upon a pump when the system is installed and cold may
impose high loads when the system is operating at high
temperatures.
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Systems should have pipe-stress analysis performed
on the piping design as an integral part of the design
process. Certain end users may purchase a packaged
heat transfer system and then field route pipe to the heat
users. These people often are puzzled when the pumps
turn out to be a maintenance problem. It may be from
pipe stress. If the piping was not designed and analyzed,
no one will know if the piping system is over-stressed
until a problem occurs.

Thermal Fluid Pumps

pump on a concrete pad. The baseplate should be leveled
with shims and then grouted to the foundation. The pumps
then can be aligned and will maintain the alignment for
long periods of time.
For systems where the pump is provided as part of an
integral skid system, the owner should make sure that the
structure under the pump is adequate for any anticipated
pipe loads, and that the skid is properly leveled and
secured when it is installed. Then, the pump base can
be leveled and the pump aligned in the field. Factory
alignment of the pumps is fine for equipment fit-up, but
the pump needs to be aligned once the skid has been
installed at the point of use.
Pumps in thermal fluid systems can be a performance
and maintenance headache — or they can be a reliable and
trouble-free part of the system. It all depends on selecting
the right pump design for the application, careful sizing
calculations, protecting the seal against high temperatures
and oxidation, proper piping design and proper installation.
It is the owner’s choice to perform proper due diligence
upfront, or to spend time and money working on a poorly
performing pump for the life of the system.

Alignment

Maintaining pump alignment in accordance with the
manufacturer’s recommendations is critical in having
good seal life.
Alignment with dial indicators should be considered
the minimum standard of care in aligning pumps. Laser
alignment is faster, more accurate and well worth the
money for having long seal and bearing life. The “straight
edge” method is, in the writer’s opinion, useless. No one can
see well enough to tell if a pump is aligned within 0.005”!
Do it right and reap the benefits.

Foundation

Author’s Note: Illustrations in this article are provided courtesy
of the manufacturers. Inclusion of these illustrations should
not be construed as an endorsement of these products or as
preferential treatment of their manufacturers.

The foundation that the pump rests upon is extremely
important in maintaining the alignment of the pump and
carrying any stress loads to the ground.
Wherever possible, it is good practice to mount the
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Thermal Fluid Pumps for 650 to 750°F Service
Pumps for higher temperature service require particular features for best performance. Applying
these features to pumps used in lower temperature service will enhance their performance as well.

L

Specifying the Pump

ess than 10 percent of the thermal fluid systems
that I work with operate at 650°F and above. Yet,
most of my time spent assisting clients with pumps
for thermal fluid systems is spent specifying pumps for
higher temperature systems — or troubleshooting pump
problems encountered with higher temperature pumps.
Pumps are typically the most visible component
of a thermal fluid system because they are often the
system component requiring most maintenance. Pumps
installed in higher temperature service can be very
troublesome if they are not specified, installed, operated
and maintained properly.
When considering pumps for a higher temperature
system — whether for a new system or to improve an
existing system — the owner will benefit from paying
particular attention to four specific areas:
•
•
•
•

Many end users think — incorrectly — that choosing a
pump which delivers the correct flow and head constitutes
“specifying” a pump. At 650 to 750°F, many forces can
affect pump performance and even pump safety. There is
a large difference between “will work in this service” and
“is well suited for this service.”
Items to consider when specifying a pump for higher
temperatures include:
• Hydraulic performance, including flow, head and
NPSHR.
• Casing design.
• Impeller design.
• Materials of construction.
• Baseplate to maintain proper alignment.
• Mechanical seal selection and mechanical seal
environmental control.
• Sealed vs. sealless pumps.

Specification and sizing of the pump.
Installation of the pump and associated piping.
Operation of the pump.
Maintenance of the pump.
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Thermal Fluid Pumps for 650 to 750°F Service

Hydraulic Performance

While it is only part of the task of specification, specifying
proper hydraulic performance is the single most critical
item affecting pump performance.
Remember that the specific gravity of thermal fluids
used at higher temperatures can change 30 percent (or
more) between ambient temperature and operating
temperature. The viscosity of the fluid also can be very
different at ambient versus operating temperature.
Therefore, care should be taken in specifying the motor for
the pump.
Also, at the higher temperatures discussed in this article,
the potentially high vapor pressure of the hot thermal
fluid makes it doubly important to include a calculation
for NPSH (net positive suction head) to make sure that the
NPSH available is greater that the NPSH required.

Stationary heat transfer fluid heating systems are often built to
customer specifications and can include pumps and an expansion
tank. Photo courtesy: Mokon

thermal fluids have a tendency to leak through gaskets and
valve packing. The common “fix” for this is to specify ANSI
class 300 lb. flanges for pumps and piping. If one consults
the pressure-temperature tables for carbon steel piping, it
will be found that — even at very high temperatures — it
is seldom necessary to upgrade the flange rating simply
due to temperature and pressure. The 300 lb flanges are
thicker and have more bolts than a similar size ANSI class
150 lb flange. The advantage of using 300 lb flanges is the
ability to gain extra gasket compression, which makes it
more difficult for the fluid to leak.
The casing of common process pumps and lower-

Casing Design

Casing design is affected by three considerations:
• Thermal fluids’ tendency to leak.
• The need to maintain mechanical alignment within
the pump.
• The large pipe loads that can be encountered in
thermal fluid systems.
Because of their low viscosity and low specific gravity,
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Thermal Fluid Pumps for 650 to 750°F Service

casings on the centerline — with pedestals or a yoke carrying
the weight of the pump down to the base — allows the
casing to expand in all directions and not lose alignment.
Pumps are not pipe supports. (Some people don’t know
that.) Piping design should make every effort to minimize
pipe stresses being transmitted to pumps, but this can
be difficult in the design of high temperature systems
because of the amount of piping expansion from ambient
temperature to operating temperature. Figure 1 shows a
heavy-duty thermal fluid pump.

Impeller Design

Common process pumps have open or semi-open impeller
designs. These impellers depend on precise clearances
between the impeller and the casing to maintain
hydraulic performance. When a thermal fluid pump
heats up, the shaft inside the pump heats up and grows,
causing the impeller to move forward in the casing. It is,
therefore, impossible to correctly set impeller clearances
if open impeller pumps are used in high temperature
service. Because of this, the user should make sure that
pumps purchased for high temperature service have fully
enclosed impellers. It also is considered good practice for
the casing to have replaceable wear rings.

Figure 1. This centrifugal thermal fluid pump is rated to 850°F
(454°C). Heavy-duty construction allows for heavy piping loads.
Not seen in this photo is a jacketed seal chamber, which allows
for cooling of the mechanical seal. Photo courtesy: CECO Dean
Pump, CECO Environmental

temperature specialty thermal-fluid pumps mount to the
pump base at the bottom of the casing. Commonly called
foot-mounted pumps, these pumps can present difficulties
as the pump reaches elevated temperatures. As the footmounted case grows, it can push the front of the pump out
of mechanical alignment with the rear of the pump and the
driver. Most pump manufacturers specify that alignment
be maintained within 0.002” in all directions. This degree of
alignment is not possible with foot-mounted pumps when
they are operated at high temperature. Instead, mounting

Materials

Many pumps meant to operate at low-to-moderate
temperatures may have a cast-iron casing. The user should
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consider that a thermal fluid operating at 700°F (371°C) may
operate at as much as 400°F (~225°C) above its flashpoint.
In the unlikely event of a fire, spraying cold water (or foam)
on a hot cast-iron pump casing can cause the casing to
crack. This would allow fluid to leak from the pump and
provide more unwanted fuel for a fire.
Specifying a pump with a cast-steel casing will give
the end-user a pump that will not crack if hit with water.
Note that some high temperature pumps are offered with
stainless steel casings. Like cast steel, stainless steel will not
crack if sprayed with water.

Thermal Fluid Pumps for 650 to 750°F Service

are metal bellows seals with carbon graphite gaskets and
sealing rings. It is important to remember that the materials
for your mechanical seals should all have maximum
temperature ratings that are higher than the temperature
of the thermal fluid. This means that O-ring type seals —
particularly those with dynamic O-rings — should never
be used in the sealing of high temperature pumps.
Seal environment controls can be employed to improve
seal performance and extend seal life. Examples of these
controls include jacketed stuffing boxes and tempered
seal flush streams, which cool the fluid in the vicinity of
the seal faces to improve lubricity. Inert quench streams
on the atmospheric side of the seal faces can help prevent
oxidation of the fluid while it is still between the faces.
Double or tandem seals have also been used where the
barrier fluid cools and inerts the seals.

Baseplates

While a channel steel baseplate would be considered the
minimum base acceptable for this service, a fabricated
steel baseplate is more robust and offers a more stable
platform to maintain alignment between pump and driver.
As will be discussed later, it also is extremely important
that the baseplate be properly leveled and anchored to
the pump foundation.

Sealed vs. Sealless Pumps

So far, this article has not mentioned the use of sealless
pumps for high temperature service. Both magnetically
driven (mag-drive) and canned-motor pumps are available
that perform very well in high temperature service.
The advantage of sealless pumps is that they do
not leak. They use magnetic couplings (in mag-drive
designs), or they combine the pump and motor into one
unit (in canned-motor designs). The internal shaft —
completely wetted by the pumped fluid — is supported

Mechanical Seals

Entire books have been written about mechanical seals,
and a few paragraphs are not going to provide an in-depth
understanding of mechanical design and materials. Having
said that, there are a few key points to keep in mind.
Mechanical seals for thermal fluid service generally
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Figure 2. The cross-sectional cutaway shows a mag-drive thermal
fluid pump rated to 750°F (400°C). A finned section is between
the pump casing on the left and the magnetic drive on the right.
This isolation protects the magnets from the extreme heat of
the pumpage. Not shown are tubes below the pump that cool
internally circulated thermal fluid to control the internal magnet
temperatures. Piping and valves above the pump are for venting
the pump at startup. Photo courtesy: Dickow Pump Co.

Figure 3. This canned-motor thermal fluid pump is rated to
750°F (400°C). The compact design simplifies baseplate design.
The pump pictured has a small water-cooled heat exchanger at
the top of the pump to keep the motor windings cool. Photo
courtesy: Teikoku Pumps USA

by ceramic bearings, which are lubricated and cooled by
the fluid. While the ceramic bearings can be reliable and
long lasting, they are shock sensitive. Sealless pumps are
generally intolerant of cavitation, slugging or dry running.
Mag-drive pumps are similar in appearance to
conventional frame-mounted pumps. The difference
between mag-drive and sealed pumps is the completely
sealed liquid end with its magnetic coupling. The very

strong magnets that make up the coupling are temperature
sensitive and must be kept cool. A variety of air- and watercooled systems are offered by manufacturers to effectively
control the magnet temperatures (Figure 2).
Canned-motor pumps are compact and less sensitive
to mechanical-alignment issues. Unless they are equipped
with available ceramic motor windings, they also need to
be kept cool (Figure 3).
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Thermal Fluid Pumps for 650 to 750°F Service

Cooling

Most pumps in 650 to 750°F service have some kind of
cooling. Very often, it is water cooling. It is good practice
to have an adequate supply of clean cooling water. It
also is a good idea to have a flow indicator or flow switch
to reduce the chance of having the pump run without
adequate cooling.

The best-specified pump in the world will not run well if it
is not properly installed.

Foundations

An excellent pump base that is not adequately supported
or anchored will not keep the pump aligned. Read the
manufacturer’s recommendations. Level the baseplate and
anchor with grout.

Operation and Maintenance

The principal reason for properly specifying and installing
pumps is to have a piece of equipment that performs
well and operates with minimal unplanned maintenance.
Yet, it is important to remember that a properly specified
and installed pump can be compromised by improper
operation.
The pump owner will be well served to make sure that
procedures are in place and that operators are properly
trained in:

Alignment

After the baseplate is level and stable, the pump can
be leveled and then aligned with the motor per the
manufacturer’s recommendations. Laser alignment is
more accurate that manual alignment. Also, it is a good
practice to recheck the pump’s alignment after the pump
has reached full temperature for the first time.

Piping

As stated earlier, piping can affect pump performance in
several ways. Poor piping design — or no piping design —
can result in poor fluid presentation to the pump suction.
This can develop forces inside the pump that will reduce
pump performance or shorten pump life.
It is always considered good practice to evaluate pipe
stresses in a high temperature system. Pipe stresses applied
to pumps can affect alignment and reduce pump life.

• Starting the pump.
• Guarding against cavitation, particularly for sealless
pumps.
• Preventing dry-running, particularly for sealless
pumps.
• Maintaining the mechanical seal environment.
• Maintaining proper cooling.
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Once the pump owner has a properly specified and
installed pump that is operated by well-trained personnel,
if adequate maintenance is employed to support the
pump, the pump can be expected to remain in service for
extended periods.

Thermal Fluid Pumps for 650 to 750°F Service

In addition, processors who operate or are contemplating
systems operating at lower temperatures also can benefit
from more robust pumps. The extra money spent on more
robust pumps can pay benefits for the life of the system in
reduced system downtime and maintenance costs.

O-ring type seals — particularly those with
dynamic O-rings — should never be used in
the sealing of high temperature pumps.

Author’s Note: Illustrations in this article are provided courtesy
of the manufacturers. Inclusion of these illustrations should
not be construed as an endorsement of these products or as
preferential treatment of their manufacturers.

The pump preventive maintenance program should
include attention to the following items:
• The pump’s cooling mechanism should be monitored
for proper operation. If the cooling mechanism
involves cooling water, having clean water is very
important.
• Using proper lubricants is important, and monitoring
— and periodically changing — the lubricants are just
as important steps.
• The pump’s alignment should be rechecked and
realigned at least annually.
• The capability to monitor vibration will allow the
owner to predict the maximum life of the pump and
rebuild it before is fails catastrophically.
It is possible to specify and install pumps for higher
temperature service that will operate safely and reliably.
57

previous/next article

BACK TO
TO CONTENTS
BACK

SECTION FOUR:
TITLE HERE
EXPANSION TANK

The Expansion Tank
The expansion tank is a component of the thermal fluid system and, as such, it needs to be OPERATED.

T

he expansion tank is an important and oft-ignored
component of the thermal fluid system.
Most owners pay attention to the other
components in the thermal fluid system. They maintain
the combustion system on the heater, maintain alignment
and mechanical seals on pumps, maintain instrumentation
and control valves, and inspect heat exchangers. They may
even have their thermal fluid tested regularly. But, because
it is a static piece of equipment, these same people often
neglect the expansion tank.
In my consulting practice, I often visit sites where there
are complaints centered on startup difficulties and fluid
degradation problems. On one visit, when I asked to take
a look at the expansion tank, it took about 15 minutes
to find it! When we did find the expansion tank, it was
obvious that no one had paid attention to this piece of
equipment for a long time. It was no wonder that this
facility was having problems.
Far from being a forgotten component in the system,
the expansion tank is of vital importance to the reliable
operation of the thermal fluid heating system. While the
expansion tank is a static piece of equipment, it still needs
to be monitored and operated.

During startup, or if the presence of noncondensable
contamination in the fluid is suspected, fluid is diverted to
circulate through the expansion tank. Photo courtesy: Coastal
Chemical
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The Expansion Tank

Ensuring That the System Is Completely Flooded

It is important that the thermal fluid system be completely
flooded with fluid. Any bubbles will affect the performance
of the pump, can cause overheating in the heater coil, and
can negatively affect heat transfer in the heat users. To this
end, the expansion tank should be located at the highest
point in the system.
If design constraints prevent the proper location of the
expansion tank, it can be located lower — even at grade.
But, the tank must be pressurized with an inert blanket gas
(which is often nitrogen) to provide enough pressure to force
the fluid to the high point. It should be noted that systems
with low-mounted expansion tanks may not be as easy to fill
or de-gas as systems with properly located tanks.

The expansion tank should be located at the highest point in
the system to keep the thermal fluid heating system flooded
with fluid. Photo courtesy: Sigma Thermal

Expansion Reservoir (Sizing the Expansion Tank)

Purpose of the Expansion Tank

Previously, it was stated that choosing the heat transfer fluid
is the single most important decision made in specifying a
new system. Here is one reason why: Depending on the
temperature of the system and the heat transfer fluid
chosen, the fluid can expand in volume from as little as 20
percent to more than 35 percent.
The owner needs to have the following information to
properly estimate the required size of the expansion tank:

The expansion tank serves four distinct and equally
important roles in the thermal fluid system:
1. Ensuring that the system is completely flooded.
2. Serving as the reservoir for the heat transfer fluid to
expand into as the fluid heats up.
3. Separating water and other non-condensable species
from the fluid on startup.
4. Controlling the environment between the heat
transfer fluid and the atmosphere.

• Thermal fluid to be used and its coefficient of thermal
expansion.
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The Expansion Tank

Heat Transfer Fluids

• Minimum (startup) temperature.
• Maximum (design) temperature.
• Total volume of the thermal fluid system.

With this information, the total expansion of the thermal
fluid, in gallons, can be calculated. Ideally, one would want
the expansion tank to be about one-quarter full with the
system ready to start up and about three-quarters full with
the system at full design temperature.

Separation of Water and Condensable Contamination
(For Startup)

Figure 1 shows a simple diagram of an expansion tank with
two pipe “legs” for expansion. Note the existence of a valve
on the upstream leg and a block valve between the two
legs. This arrangement allows the flow of heat transfer fluid
in the system to be diverted through the expansion tank
when desired.
During startup, or if the presence of contamination in
the fluid is suspected, fluid is diverted to circulate through
the expansion tank. Air bubbles, water (as steam), and
any low boiling components of the heat transfer fluid will
separate from the fluid in the vapor space of the tank. From
there, they can be released from the system.
Note that the downstream leg of the expansion tank in
the figure has no isolation valve. It is extremely important
that the fluid always has a path to travel to the expansion

Return From Process

To Pump

Pressure Regulator

Back Pressure

Figure 1. In this example, the expansion
Regulator tank has two pipe legs
and includes a valve on the upstream leg as well as a block
valve between the legs. This arrangement allows the flow of
N fluid to be diverted through the expansion tank
heat transfer
Vent Valve
when desired.
2

Vent

tank and that no part of the system be isolated from the
path to the expansion tank while the system is operational.
The high coefficient of expansion of heat transfer fluids can
result in extremely high pressures with only a few degrees
of temperature change.
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The Expansion Tank

when decisions are being made regarding new thermal
fluid systems.
Placement of the tank is important. It should be placed on
the main circulation loop on the suction side of the pump.
In this location, it helps ensure that the pump has flooded
suction conditions, which makes system filling and degassing much more efficient. This location is also normally
the lowest pressure point in the entire piping loop.

Controlling the Environment
at the Fluid-to-Atmosphere Interface

Ideally, one would want the expansion tank to be about onequarter full with the system ready to start up and about threequarters full with the system at full design temperature. Photo
courtesy: Heatec Inc.

The owner (or his outside resource) needs to evaluate the
thermal fluid chosen to determine what environmental
controls must be installed on the expansion tank. The
evaluation should consider the following questions
regarding fluid properties — and perhaps others — to
make a proper determination:

Some manufacturers offer alternative designs to the
double-leg expansion tank, and these designs work with
varying degrees of success. The intent of these alternate
designs is to accomplish the operational requirements
outlined herein, and, in some cases, to differentiate that
manufacturer’s product from others in the marketplace.
These designs will not be evaluated in this article, but
they should be evaluated by experienced personnel

• What is the vapor pressure of the fluid at operating
temperature?
• What is the flashpoint of the fluid? Is that temperature
lower than the operating temperature?
• Does the fluid contain any constituents that are listed
under OSHA or SARA?
• Does the fluid have an odor?
• What is the fluid’s intrinsic resistance to oxidation?
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If the fluid has any of these characteristics —high vapor
pressure, low flashpoint, an odor, listed components or a
tendency to oxidation — the owner will be well served to
place the fluid under an inert gas blanket. In most cases,
the inert gas is nitrogen, although I have seen CO2, argon
and combustion inert gas. Pressurized natural gas is used
at field locations in the oil-and-gas industry.
The inert blanket can provide the following benefits:

The Expansion Tank
Table 1

• The pressure can be adjusted to keep fluids with high
vapor pressures from flashing.
• The inert gas blanket keeps oxygen away from the
fluid and reduces the danger for fire.
• If the fluid is listed under OSHA or SARA, the tank
vent can be piped away to an appropriate, approved
collection point.
• If the fluid has an odor, the gas blanket can reduce
the amount of fluid that may escape and mitigate any
odor problem.
• If the fluid has a low resistance to oxidation, the inert
gas keeps oxygen away from the fluid and extends
fluid life.

Description

Function

Level Gauge
(LG)

Gives local indication of the level in the tank. Should be a sealed unit
with magnetic flags.

Level Switch High
(LSH)

Gives a contact closure to trigger an alarm that the tank level is high
and in danger of overflowing.

Level Switch Low
(LSL)

Gives a contact closure to trigger an alarm that the tank level is low and
in danger of starving the pump.

Level Switch Low Low
(LSLL)

Gives a contact closure to trigger an alarm that the tank level is critically
low and in danger of starving the pump. This contact closure shuts
down the thermal fluid heater.

Level Transmitter
(LT)

Provides a variable signal to allow the fluid level in the tank to be
remotely monitored.

Pressure Control Regulator Supplies inert gas (usually nitrogen) to the expansion tank at a
(PCR)
minimum pressure.
When inert gas pressure in the tank reaches a maximum design
Pressure Control Regulator
pressure, the backpressure regulator vents small quantities of gas to
(Backpressure)
keep pressure from getting higher.
PCV-1 is activated by the pressure controller (PIC) to supply inert gas to
the vapor space of the expansion tank.
PCV-2 is activated by the back pressure controller to vent gas out when
Pressure Control Valve
pressure in the tank reaches a designed maximum.
(PCV)
PCV-2 can also be activated manually to provide the venting necessary
to rid the expansion tank of water vapor or other noncondensables
during startup.
Pressure Indicator
(PI)

Pressure gauge that gives local indication of the pressure in the
expansion tank vapor space.

Pressure Indicating
Controller
(PIC)

Takes the pressure signal from the pressure transmitter and computes
the appropriate signal to send tot the control valve(s) to maintain or
vent pressure.
This safety device is mandated by ASME Section VIII. The mechanical
relief valve which will vent the contents of the tank if an overpressure
situation occurs.

Pressure-Relief Valve
(PRV)

Construction Standards

It is good practice to construct expansion tanks to a
recognized code. These tanks endure temperature cycling
and often contain a liquid at a temperature above its

Pressure Transmitter
(PT)

Senses the pressure in the head space of the expansion tank and sends
an electronic signal to the pressure controller.

Temperature Element
(TE)

Senses the temperature of the fluid in the tank and sends an electronic
signal to a remote location for monitoring.

Thermowell
(TW)

The well allows the temperature element to be removed without
releasing the contents of the tank.
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Pressure-Relief Valve (PRV)

flashpoint. For these and other reasons, it is in the owner’s
interest to show that the expansion tank was built to a
generally accepted code or standard.
In order to have traceability of the materials and
procedures used to construct the tank, the owner may
wish to specify that expansion tanks be constructed in
accordance with ASME Section VIII, Division 1 of the ASME
Boiler and Pressure Vessel Code. This requirement results
in a tank constructed with materials and weld materials
traceable to a national standard, and with welds made
by a certified welder. A tank that will never be operated
above one atmosphere positive pressure (14.7 psig) is not
required to have any code stamps in most states; however,
a tank that is manufactured to ASME Section VIII can be
inspected and have a stamp applied for only a few hundred
additional dollars during its manufacture.
It is important for the owner to determine what local,
state or other codes or standards apply at the point of
use of the equipment when specifying any equipment for
thermal fluid service.

Required by ASME if the tank is rated at a pressure above
15 psig, a PRV should be considered if the tank is rated for
atmospheric pressure and also has a blanket gas system.
It is important to note that the PRV is a safety device and
not a process control device. The PRV is designed and sized
to relieve excess pressure to a safe and approved location.
(Read on about blanket gas systems for more information
on pressure control.)

Low Level Switch (LSL)

A low level interlock, with the combustion safety circuitry,
is now required by NFPA 87. The switch is meant to prevent
fluid system operation with inadequate fluid in the system;
thus, it protects against the pumps and the heater coil from
dry running, possible failure and the possibility of fire.

Level Indication (LI)

Also required by NFPA 87, level indication can be
accomplished by an armored sight-level gauge on the
tank, a liquid-level transmitter, or both. As a minimum,
the fluid level in the expansion tank should be monitored
daily. The advantage of the local sight-level gauge is that
level can be monitored locally while filling or draining the
system and during startup. The level transmitter allows
continuous monitoring by control-room personnel. The
level transmitter also allows a programmed low level alarm

Instrumentation and Appurtenances

The expansion tank is a component of the thermal fluid
system and, as such, it needs to be operated. Instruments
and appurtenances found on expansion tanks include
pressure-relief valves, low level switches, level indication
devices and blanket gas systems.
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Pressure Regulator

The Expansion Tank

To Pump

• A gas vent/backpressure-control device.
• A pressure gauge (or transmitter) to monitor the
pressure in the vapor space of the expansion tank.

Back Pressure
Regulator

N2
Vent Valve

It should be noted that there are now requirements
in NFPA 87 for a low pressure switch and interlock (to
the combustion safety circuitry) if the tank requires
pressurization to overcome a high vapor pressure
generated by the heat transfer fluid or if the tank is not
mounted at the high point of the system.
Figure 2 shows the simplest arrangement for applying
an inert gas blanket to an expansion tank. The supply
regulator is set at the lowest pressure that will allow the
system to run effectively (generally, at least 3 to 5 psig).
The backpressure regulator is set for a higher pressure
(generally about 10 psig higher) than the supply regulator.
This allows the expansion tank to build or lose pressure
over a predetermined range as the level in the tank goes
up and down with expansion. It also reduces inert gas
consumption.
The small bypass valve shown on the backpressure
regulator in Figure 2 is for startup. This valve is opened to
vent water and low boilers from the system in a controlled
manner.
One problem that can occur with a dual-regulator
arrangement is that the backpressure regulator can
occasionally experience high temperatures if hot fluid is in
the tank and heats the inert gas to a very high temperature.

Vent

Figure 2. In this simple arrangement for applying an inert gas
PIC
PIC
PCU
PCU
blanket, two pressure
regulators
are used to allow the
2 expansion
1
tank to build or lose pressure over a predetermined range as
the level in Nthe tank goes up and down.
PT
2

Vent

that alerts before the low level interlock switch activates;
as such, it may save a shutdown. One can also program a
rate-of-change function into the level-transmitter signal
that will alert if a loss-of-fluid event occurs somewhere in
the system.

Blanket Gas Systems

A blanket gas system consists of:
• A gas supply/pressure-control device.
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PCU
1

PIC

PIC

PCU
2

To Relief Header
PCR

PI

N2

PT

PCR
PRV

Vent

N2
Vent

Level Gauge

Vent
To Safe
Location

LSLL

Figure 4. This expansion
tank schematic
showsTo Relief
theHeader
minimum
PIC
PIC
1
instrumentation and appurtenances
that should be used for
2
safe, effective operation.
PI

Figure 3. The inert gas blanket also can be controlled using
a single pressure transmitter and either dual-pressure
controllers or a single “differential gap” pressure controller
with dual outputs. The small control valves have reduced
flow coefficients and admit or vent gas at the same rate as a
discrete pressure regulator.

PCV
1

PRV

PCV
2

is more expensive than PTregulators, it is more reliable,
N
particularly when the ability of the control valves to “ride
through” a high temperature event is taken into account.
Vent
to Safe
LSH
Location
It also allows startup venting activities to take place with
operating personnel at grade level, with no requirement
LT
TE
TW
to access
the top of a (possibly) hot expansion tank.
Figure
3 shows an inert gas control-loop arrangement
LSL LSLL on an
expansion tank.
Figure 4 shows a typical expansion tank with minimum
instrumentation and appurtenances. Symbols are labeled
2

Level Gauge

One way to address this reliability issue is to install a
pressure controller and replace the two regulators with
small control valves. A single pressure transmitter can be
used, and dual pressure controllers can be used to control
the individual control valves. The control valves have
flow coefficients (Cv) specified to admit blanket gas at a
controlled rate and to reduce the possibility that a runaway
inlet valve overpressures the tank. While this arrangement
65

previous/next article

BACK TO
TO CONTENTS
BACK

Level Gau

LSLL

SECTION FOUR:
TITLE HERE
EXPANSION TANK
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1

all of its components have to be matched to the system
and fluid properties, and the expansion tank should be
properly sized and specified.
Close attention to the expansion tank after startup will
result in a thermal fluid system that runs more reliably
over time.

To Relief Header

PIC
2

PI
PCV
1

PRV

PCV
2

PT

N2

Level Gauge

LT

TW
LSL

Author’s Note: The figures contained in this article are
included for illustrative purposes and do not constitute
a design or engineering work product. When designing
a thermal fluid system or specifying components for a
thermal fluid system, the reader should employ experienced
resources, either internal or external, to ensure that
recognized and generally accepted good engineering
practice is followed and that local and national codes and
standards are complied with.

Vent
to Safe
Location

LSH

The Expansion Tank

TE

LSLL

Figure 5. In contrast to figure 4, this expansion tank schematic
shows a fully instrumented expansion tank. While it is meant to
demonstrate what a fully instrumented tank might look like, few
expansion tanks will have all of the devices shown.

according to ISA standards and are detailed in Table 1.
Figure 5 shows a fully instrumented expansion tank.
Note that few expansion tanks have all of the devices
shown. This figure is meant to demonstrate what a fully
instrumented tank may look like.
A short article can only give the basics of the
requirements for a properly specified expansion tank.
www.process-heating.com • S e p t e m b e r 2 0 0 7 | 3
The reader should be aware that the expansion tank and
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Piping, Valves & Insulation
Carefully selecting the piping materials, piping design, valves and insulation used in your thermal fluid
heating system is important to control leaks and extend fluid life.

I

In this last installment, we will “tie the system together”
with a brief discussion on piping materials, valves and
insulation.
In my practice, I often have the opportunity to evaluate
and troubleshoot thermal fluid systems that are not
performing to the owner’s expectations. When the system
does not deliver heat, and the heater and circulation pump
are adequately sized, I generally start looking at the fluiddelivery components — including the piping and valves
— to determine if the piping and valves are impeding the
efficient delivery of fluid to the process.

Piping Design

Too many thermal fluid piping systems are “designed” by the
piping contractor, who may use a pipe diameter that he feels
is appropriate and route the pipe in the most convenient
(though not the most efficient) manner. This often results
in a poorly performing piping system. It is important to
remember that proper pipe sizing is determined not only by
the flow rate but also by the length of the piping runs. Fittings
and valves add “equivalent length” to piping systems, which
adds to the fluid pressure drop in the pipe. Longer runs of

Bellows-sealed valves are useful choices where personnel safety
is a concern, where the fluid may contain components that are
listed under OSHA, or where odor is a concern. Photo courtesy:
ARI Valve Co.
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Piping, Valves & Insulation
This allows the engineer to choose the proper pipe
diameter with known pressure drop, allowing proper
pump sizing.

Pipe Stress Analysis

Pipe grows significantly as it gets hotter, and thermal fluid
systems exhibit significant thermal expansion because of
their higher operating temperatures. Thermal expansion
can generate significant forces that can have a negative
impact on pumps, process equipment and even structural
steel. It is in the owner’s interest to have the thermal fluid
piping evaluated for pipe stress. Pipe stress analysis and
proper pipe supports can pay the owner back in increased
equipment reliability.

Straight-through valves, including gate valves and certain ball
and butterfly designs, are used in on-off isolation service. Photo
courtesy: Samson Controls Inc.

Safe Practices

pipe may require a larger pipe diameter to keep pressure
drop from becoming a problem.
There are many benefits realized by undertaking a
formal piping design, including:

A formal design allows the engineer to implement
recognized safety practices and include recommendations
from a formal process safety review into the design. As
an example, in systems where a component may have
to be isolated for service while the rest of the system is
operating, the owner may wish to give consideration to
the use of double block- and bleed-valve arrangements.
Such an arrangement places two valves between service
personnel and the hot thermal fluid. The bleed valve
directs any leaks from the primary block valve to a safe
(or safer) location.

• Efficient pipe routing.
• Pipe stress analysis.
• Compliance with safe practices.

Efficient Pipe Routing

Laying the piping out allows the owner to accurately
determine the length of pipe and the number of fittings.
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Piping, Valves & Insulation
• ANSI/ASME B16 – Standards for Pipes and Fittings.
Multiple sections from this standard apply, but sections
to review include B16.5, B16.10, B16.11, B16.20 and
B16.25.

It is easy to argue the critical nature of thermal fluid service.
Thermal fluid systems convey a hot fluid that is most likely
combustible and at a temperature above its flashpoint.
Life-safety issues run the gamut from burns to individuals
to more extensive damage resulting from fires.
With all this in mind, it behooves the owner to exercise
recognized and generally accepted good engineering
practices and choose materials and components that
adhere to national standards in the design and execution
of the project. Commonly known as RAGAGEP, “Recognized
and Generally Accepted Good Engineering Practices” is
specific language used and defined in federal statutes
from the Occupational Safety and Health Administration
and the Environmental Protection Agency. RAGAGEP
also is mentioned in the American Chemistry Council’s
Responsible Care Process Safety Code.
In my consulting practice, I recommend that owners
keep records that document good practices as well as
proper materials, means and methods were followed and
used in the execution of the project.
As with most aspects of industrial life, there exists a
plethora of codes and standards related to thermal fluid
system safety. Two such publications are:

These references are useful for both the design phase
and the materials-specification phase of the project.

In general, piping should be seamless carbon steel and should
be of all welded construction. Courtesy of Valen Link World Hong
Kong Ltd.

• ANSI/ASME B31 – Pressure Piping. In particular, one
should pay attention to B31.3 - 2012 – Process Piping.
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Piping Materials

Selection of the proper piping materials is important for
control of leaks and for fluid life. The owner should develop
(or have developed) a piping-materials specification for
thermal fluid service. A piping-materials specification
helps ensure that the thermal fluid piping will be installed
with proper materials. It also helps ensure that any future
additions or modifications to the system will be consistent
with the original construction materials and techniques.
A piping-materials specification also allows the owner
to demonstrate that RAGAGEP was followed in the
construction of the thermal fluid piping system.
As a minimum, the specification should have detailed
information on:

SOLUTIONS FOR
PROCESS HEATING

Type 3522 compact globe
control valve for various
control applications.

SAMSON’s technology has
proven its value worldwide
in a variety of industries. We
are trusted in many of the
world’s most challenging
applications to achieve
precise control with an
unmathced level of safety
and reliability.

• The proper schedule and material of the pipe.
• The proper methods of joining pipe.
• What fittings to use (including a branch-connection
table for constructing branches of smaller pipe size).
• What valves to use and their construction.

Type 3241 globe control
valve for precise control
applications.

In general, piping should be seamless carbon steel, and
it should be of all welded construction. Flanges should be
ANSI 300 lb Class. Gaskets should be carbon and stainless
steel spiral-wound with inner and outer ring. Bolting
should be high strength studs (not cap screws) with high
strength bolts torqued in accordance with the gasket

Type 3244 3-way mixing
and diverting control
valve.

Bellows seal, zero external
leakage for highly viscous
medium such as oil that
may leak using normal
valve packing.
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manufacturer’s published recommendations.
While an exhaustive list is beyond the scope of this book,
some items and practices to avoid include the following:
• Do not use copper, brass or copper-containing alloy
tubing, pipe, valves or fittings. Copper is an active metal
and can catalyze the degradation of the thermal fluid.
• Avoid threaded connections. The properties of most
thermal fluids cause them to be prone to leakage. The
threads are just a way out in many cases.
• Avoid the use of composition (i.e., sheet type) gaskets.
Many studies on gasket materials in thermal fluid
service have been undertaken over the past 30 years.
These studies, which were executed by chemical
companies (and not gasket manufacturers), generally
agree that spiral-wound graphite and stainless steel
gaskets perform best in thermal fluid service.

Butterfly valves such as this double-offset, metal-seated butterfly
valve are used in on-off isolation service. Photo courtesy: Bray
International

Valves

Materials

Considerations for valves for thermal fluid service should
include specifying the proper material of construction,
specifying the proper end connections, specifying
gaskets and packing that mitigate the tendency of the
thermal fluid to leak, and choosing the appropriate valve
design for the particular point in the piping system and
the intended use.

Valve bodies should be forged steel for smaller valves and
cast steel for larger valves.

End Connections

Welded end connections are preferable because they
eliminate flanges, which can leak.
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evaluated before purchase and installation.
While an exhaustive list is beyond the scope of this
book, some items and practices to avoid include:

Here again, carbon-based packing materials and gaskets
are preferable over other materials. Consideration to live
loaded packing should be given to larger valves.

• Do not use copper, brass or copper-containing alloy
valves. Copper is an active metal and can catalyze the
degradation of the thermal fluid.
• Avoid threaded connections. The properties of most
thermal fluids cause them to be prone to leakage. The
threads are just a way out in many cases.
• Avoid the use of cast iron valves, which can crack if
thermally shocked.
• Avoid the use of 150-lb cast valves or valves with 150lb flanges.

Valve Design

This subject could be its own article. In general, straightthrough valves, including gate valves and certain butterfly
designs, are used in on-off isolation service. Globe valves
are used where the flow is throttled.
The choice of valve design should be evaluated for each
service. Most systems use ANSI-spec gate valves for on-off
service and ANSI-spec globe valves for throttling service or
where tighter shut-off is required. Caution should be used
when selecting valves that may trap fluid when closed
or valves that are not directly traceable to a recognized
national standard.

Insulation

Insulation material should be chosen with several factors
in mind.
First, the insulation material should have a rated
temperature that is higher than the maximum temperature
attainable by the thermal fluid. While this seems like it
should go without saying, I have seen systems installed
where lower temperature insulation was installed. This
usually occurs through poor communication with the
contractor and the lack of a formal thermal fluid insulation
specification. Suitable materials for insulating thermal fluid
equipment are calcium silicate or glass foam materials.

Bellows-Sealed Valves

Bellows-sealed valves do not leak through the stem.
Bellows-sealed valves are useful choices where personnel
safety is a concern, where the fluid may contain
components that are listed under OSHA, and where odor
is a concern.
Several bellows designs are available from both
domestic and off-shore sources, and all claim superior
performance. Bellows-sealed valves should be carefully
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I cannot stress this strongly enough: Fiberglass
insulation should never be used to insulate thermal fluid
systems. Fiberglass insulation has a very high surface area
and can reduce the flashpoint, fire point and autoignition
temperature of the fluid if they contact one another. If
thermal fluid leaks onto fiberglass and is in contact with
air, a spontaneous fire can result.
Second, in sections of the piping system containing
flanges, valves, pumps or other components that can
leak, the insulation should be a material that will not soak
up the fluid and swell. The choice here is to use a glassfoam material.
Third, the insulation material needs to be covered with
a metal jacket. Do not use plastic or other low temperature
jacket materials.
Finally, in order to protect personnel, overhead flanges
and valves, which have the possibility of leaking, should be
enclosed in a flange shield or other protective cover that
will collect any drips and direct them to a safe location.
When connecting the thermal fluid system components,
the effort spent in properly designing the piping system,
checking for pipe stress, choosing the appropriate piping,
valves and insulation materials and employing safety
concerns to reduce the possibility of fluid contact with
personnel will result in a system that meets the process
requirements, operates with less maintenance and is safe
for operators and maintenance personnel.
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specify ARI Valves for Thermal Transfer Fluid Applications.
ARI Valves…The Obvious Choice

ARI Valves…The Obvious Choice

ARI Valve Corporation

ARI S.E.
Valve
Corporation
1738 Sands Place,
· Marietta,
Georgia 30067 U.S.A.
Fax: (770) 933-8846 · Phone: (770) 933-8845
1738 Sands Place, S.E.
· Marietta, Georgia 30067 U.S.A.
www.arivalve.com
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