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4.3 Design and application

4.3.1 Scope

This standard covers background information,
design features and general selection guidelines
for application in liquid handling systems of seal-
less rotary positive displacement pumps of the
synchronous magnetic drive type.

The pumping portion of rotary sealless pumps is
similar to units having shaft seals. There are
differences, however, in design and application
considerations which concern the drive portion of
sealless pumps. This section concentrates on
application considerations which are unique to
sealless pumps and presumes that the reader has
background knowledge relative to the more
general subject of rotary pumps.

For general application information on rotary
pumps, refer to Design and Application in the
Hydraulic Institute Standards HI 3.1-3.5, 1994,
Rotary Pumps.

4.3.1.1 Reasons for use

Sealless rotary pumps are generally used when
there is a need to contain toxic, dangerous or
valuable fluids to reduce maintenance cost or
where specific applications warrant. Application
may be dictated by environmental, safety, or
economic concerns.

4.3.1.2 General precautions

Even though the pumps described by this section
are sealless, leakage could occur as a result of
certain types of wear, misoperation or misapplica-
tion. Also the purchaser should take appropriate
supplemental precautions to avoid dry running, to
insure a satisfactory environment for fluid-lubri-
cated bearings as well as for cooling the magnetic
coupling areas.

Proper selection and application requires a
detailed understanding of operating conditions
and the specific design being considered to as-
sure that safety and reliability can be achieved.

4.3.2 Sealless pump overview

The term sealless refers to a pump design having
no dynamic shaft seals between the wetted pump
elements and the surrounding environment. The
rotary pump may be one of several configura-
tions, but common to all types of sealless pumps
covered inthis section is a driven shaft completely
contained in a magnetically permeable vessel
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containing the pumped liquid and a set of per-
manent magnets to drive the internal rotating
assembly. Sealless pumps, however, retain the
characteristic advantages of rotary positive dis-
placement pumps:

— Fixed displacement per revolution;

— Flow proportional to rotational speed;

— Constant flow over a wide viscosity range;
— High efficiency at low flows;

— Self-priming capability;

— Capability to handle liquids with limited gas
or entrained vapor;

— Stripping capability;

— Ability to handle high viscosities and pres-
sures,

— Ability to handle shear-sensitive fluids.

4.3.2.1
pumps

Operating principles of sealless

Two methods are used for transmitting power to the
pump shaft through a containment shell. One is the
canned motor type, which consists of an induction
motor where the rotor is mounted on the drive end
of the pump shaft inside the containment shel! with
the stator outside the containment shell. The
second method utilizes permanent magnets to
transmit torque through the containment shell, and
these are driven by a standard motor or drive shatt.
There are two types of magnetic pump couplings:
synchronous and eddy current. Guidelines in this
application section are limited to synchronous mag-
netic couplings.

4.3.2.1.1 Synchronous magnet coupling

In this design, permanent magnets inside and
outside the containment shell rotate the pump
shaft in synchronized motion with the driver shaft.
The coupling has high-efficiency torque transmis-
sion capability.

Synchronous couplings do not slip — the pump
shaft turns atthe same speed as the outer magnet
assembly unless the unit is overloaded and
decouples.

4.3.2.1.2 Eddy current magnetic coupling

The eddy current type coupling consists of a per-
manent outer magnet ring and an inner torque ring
containing a network of copper rods supported on
a mild steel core. The rotating outer magnet ring
generates eddy currents in the copper rods, which
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convert the core to an electromagnet. The
electromagnet tries ta follow the rotating outer
magnet ring but at a slightly slower speed. The
difference between the driven shaft speed and
drive shaft speed is defined as magnetic slip.
Since the materials used in the torque ring are
less sensitive to heat than permanent magnets,
this design may be preferred in some high-
temperature pumping applications.

4.3.2.2 Basic design features

The unique features of sealless, synchronous,
magnetically coupled pumps are discussed in this
section.

4.3.2.2.1

The containment shell serves as the primary bar-
tier between the process pumpage inside the
pump and the surrounding environment. Contain-
ment shell thickness is generally optimized be-
tween pressure capability and efficiency, since
the magnet's ability to transmit torque decreases
with the square of the gap between the outer
magnet and inner magnet. Shell metal thickness
also affects eddy current losses which generate
heat.

Containment shell

Containment shells may be formed from a variety
of materials, not all of which are metal. See the
material section 4.3.3.8.1 for additional informa-
tion on shell materials.

4.3.2.2.2 Magnet assembly

Synchronous magnetic drive sealless rotary
pumps utilize permanent magnets on the outer
magnet assembly to drive an inner magnet as-
sembly.

These components are generally either ceramic,
ferrite, or rare earth magnets. Typically,
neodymium-iron-boron or samarium cobalt rare
earth magnets are used, which allow for compact
design due to their high flux density.

4.3.2.2.3 Internal sleeve bearings

Internal sleeve bearings in sealless pumps are
cooled and in most cases lubricated by the
pumpage. The durability and wear life of the bear-
ing is therefore dependent on the characteristics
of the pumpage as well as operating conditions
such as speed and pressure. Internal sleeve
bearings are widely used in conventionally sealed
rotary pumps, but the purchaser should be aware
that most of the eddy current heat from the
canister is dissipated to the pumpage; and if the
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pumped fluids can vaporize, this could result in
accelerated wear of the bearings due to loss of
fluid film or localized cavitation in the bearings.

To handle the various liquids encountered in
rotary pump services, a variety of materials is
available for bearing construction. See section
4.3.3.8.2.

4.3.2.2.4 Cooling circulation

Due to heat generation, almost all sealless pumps
require some flow of cooling liquid to remove heat
from the magnetic coupling area. Typically, this
cooling flow is developed by recirculating a por-
tion of the pumpage internally through the con-
tainment shell and bearings. There are several
satisfactory means of providing recirculation cool-
ing flow, but the most common is the discharge-
to-inlet method in which a portion of the flow is
diverted from the high-pressure side of the pump
and recirculated through the containment shell
and bearings back to the lower pressure inlet
section.

Temperature control is vital, since liquid flashing
or vaporization can result in loss of cooling flow
and resultant damage to the containment system
magnets and/or bearings.

4.3.3 Application considerations

The factors that should be considered when
selecting a rotary sealless pump for a given ap-
plication are addressed in this section.

4.3.3.1 Coupling selection

A magnetic coupling is a constant torque device
rated by its torque transmission capability.

It is important to apply magnetic drive pumps
carefully, since if misapplied, the coupling mag-
nets may become permanently demagnetized
and require replacement. Factors that must be
watched to prevent demagnetization are decou-
pling and high temperature.

When a synchronous magnetic coupling is in-
capable of transmitting the pump torque required,
it completely decouples. The pump will stop, and
motor load will normally be substantially reduced
from rated conditions. Higher than specified
temperatures, pressures, or viscosities can cause
decoupling, as can improper coupling selection.
If the pump unit continues to run in a decoupled
state, it may vibrate excessively and heat will
rapidly build up in the magnetic drive area due to
eddy currents and lack of cooling flow.
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Magnetic couplings are not meant to run
decoupled, and to operate in this condition will
lead to reduced magnetic strength and even com-
plete demagnetization (along with bearing
failure). However, some materials can tolerate
decoupling for longer periods than others.

4.3.3.2 Temperature

Eddy currents in the containment shell are one
source of heat in the sealless pump. Heat is also
generated by liquid friction as the inner magnet
moves through the liquid inside the containment
shell.

Magnetic couplings undergo some loss of torque
capability with increasing temperature. Addition-
ally, each permanent magnet material has a uni-
que Curie point, which is the temperature at which
the material loses all magnetism. Below the Curie
point, there are two ranges referred to as revers-
ible and irreversible temperature. Reversible los-
ses naturally occur in the normal rated
temperature range of the coupling and will return
to full strength when the coupling cools down to
ambient. Between the rated temperature of the
coupling and the Curie point is a range where the
magnets lose a percentage of their strength per-
manently as a function of time and temperature.
The manufacturer should be consulted for
specific information about coupling torque versus
temperature prior to sizing the magnetic coupling
for a given application. The generally recognized
useful temperature limits vary with the magnet
type and grade.

Always check with the manufacturer before using
magnetic couplings close to these limits, because
magnets operate at higher temperatures than the
pumpage or environment. When pumping liquids
that are particularly sensitive to temperature, or
when operating near the vaporization point, it is
recommended that the internal temperature rise
profile be obtained from the manufacturer.

4.3.3.3 Liquid properties

This section provides an overview of various lig-
uid properties that have unique effects on the
performance of rotary sealless pumps, so the
purchaser is equipped to make informed applica-
tion selections and understand the background of
the general precautions outlined in Section
4.3.1.2.
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4.3.3.3.1 Viscosity

Since viscosity of the pumpage will affect the
input power required, a primary consideration in
basic coupling selection is discharge and inlet
pressure due to system kinematics and the speed
at which the pump should operate.

4.3.3.3.2 High viscosity

There are traditional considerations that must be
addressed when handling high-viscosity liquids.
These include concerns about suction lift, port
size, friction losses and reduced pump speeds. In
addition to the traditional considerations when
selecting a sealless rotary pump, a user should
also consider the effect that high-viscosity liquid
has on the temperature rise of the magnetic cou-
pling. With high-viscosity liquid, the amount of
cooling flow at a given pressure may be reduced,
resulting in diminished cooling and increased
temperature rise within the coupling. The user
should carefully consider the effects of high vis-
cosity with respect to both increased torque re-
quired and potentially elevated magnetic coupling
temperature.

Starting torque for a pump previously primed with
viscous pumpage can be a problem unless ap-
propriate consideration has been given to cou-
pling sizing. The use of a soft start device may
avoid decoupling on start-up of a high-viscosity
product.

4.3.3.3.3 Lowviscosity

Traditional concerns when pumping low-viscosity
liquids are poor lubricating qualities and slippage.
In addition, purchasers should carefully consider
the vaporization point when applying a rotary
sealless pump. The temperature of the liquid in
the coupling should be maintained well below the
vaporization point of the liquid being pumped.

4.3.3.3.4 Variable viscosity

The viscosity of many liquids changes with shear
as well as temperature. If viscosity increases,
additional torque could be required to pump the
liquid, and increased heat buildup in the drive
section may occur.

4.3.3.3.5 Liquid vapor pressure

Liquids having a large vapor pressure rate of
change with temperature typically have a low
flash point temperature. When a liquid flashes in
the bearing area or containment shell, it may
result in loss of lubricating film and cooling flow.
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