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(57) Abstract: A pneumatic motor assembly that includes a
pneumatic motor, which is driven by a compressed gas. The
pneumatic motor assembly has a magnet assembly that mag-
netically couples the pneumatic motor assembly to an imple-
ment. After having being used to drive a pneumatic motor,
the gas, which has expanded and become colder, cools the
magnet assembly The pneumatic motor assembly can thus
enable the use to the implement at temperatures at which the
magnet assembly would otherwise reach or exceed the max-
imum operating temperature of the magnet assembly. A flow
induction system that includes the pneumatic motor as-
sembly. A method of operating a pneumatic motor assembly
that also cools a magnet assembly that is part of the pneu-
matic motor assembly.
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PNEUMATIC MOTOR ASSEMBLY,
FLOW INDUCTION SYSTEM USING SAME AND METHOD OF OPERATING A
PNEUMATIC MOTOR ASSEMBLY

FIELD

[0001] The present disclosure relates to pneumatic motor assemblies. More
particularly, the present disclosure relates to flow inductions system using pneumatic
motors and to methods of operating pneumatic motor assemblies.

BACKGROUND OF THE INVENTION

[0002] Systems that use magnetic coupling between a motor and an implement
are known. The use of such systems in high temperature environments is prohibited when
the temperature is greater than the maximum operating temperature of the magnets used
for the magnetic coupling. This is because the magnetic properties of the magnets
decrease greatly at such temperature.

[0003] Systems that allow for cooling of the magnets do exist but are complicated
and prone to failure.

[0004] Improvements in systems that use magnetic coupling between a motor
and an implement are therefore desirable.

SUMMARY

[0005] The present disclosure provides, in some embodiments, a pneumatic
motor assembly that comprises a pneumatic motor and a magnet assembly connected
to pneumatic motor. The pneumatic motor assembly also comprises a cooling structure
that is thermally connected to the magnet assembly. The pneumatic motor is driven by
compressed gas, which, after having gone through the pneumatic motor to drive the
pneumatic motor, is circulated in the cooling structure, which cools the magnet
assembly. Advantageously, upon the compressed gas entering the pneumatic motor
assembly, the compressed gas will expand and undergo a decrease in temperature,
which allows for better heat transfer between the magnet assembly and the gas. The
present disclosure further provides, in other embodiments, a flow induction system that
used the pneumatic motor assembly of the present disclosure. As such, by cooling the
magnet assembly, the pneumatic motor assembly and the flow induction system of the

present disclosure can be operated in environments where elevated temperatures
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would otherwise he prohibited because of the elevated temperatures reaching the
maximum operating temperature of the magnets comprised in the magnet assembly.
[0006] In a first aspect of the present disclosure, there is provided a pneumatic
motor assembly that comprises: a pneumatic motor configured to receive gas, the gas
received at the pneumatic motor being compressed gas, the gas to circulate through the
pneumatic motor to drive the pneumatic motor into rotation, the pneumatic motor further
configured to output the gas subsequent the gas having driven the pneumatic motor; a
magnet assembly connected to the pneumatic motor, the pneumatic motor configured to
rotate the magnet assembly; and a cooling structure thermally connected to the magnet
assembly, the cooling structure configured to receive the gas output from the pneumatic
motor, the gas received at the cooling structure to circulate through the cooling structure,
the gas to expand when circulating through at least one of the pneumatic motor and the
cooling structure, an expansion of the gas causing a reduction in temperature of the gas to
obtain a cooled gas, the cooling structure to transfer heat from the magnet assembly to the
cooled gas circulating in the cooling structure.
[0007] In a second aspect of the present disclosure, there is provided a flow
induction system to induce flow in a liquid, the flow induction system comprises: a
pneumatic motor configured to receive gas, the gas received at the pneumatic motor being
compressed gas, the gas to circulate through the pneumatic motor to drive the pneumatic
motor into rotation, the pneumatic motor further configured to output the gas subsequent
the gas having driven the pneumatic motor; a magnet assembly connected to the
pneumatic motor, the pneumatic motor configured to rotate the magnet assembly; a shaft
assembly magnetically coupled to the magnet assembly, the shaft assembly having a flow
inducer assembly configured for immersion in a liquid, the magnet assembly configured to
rotate the shaft assembly and the flow inducer assembly to induce flow in the liquid; and a
cooling structure thermally connected to the magnet assembly, the cooling structure
configured to receive the gas output from the pneumatic motor, the gas received at the
cooling structure to circulate through the cooling structure, the gas to expand when
circulating through at least one of the pneumatic motor and the cooling structure, an
expansion of the gas causing a reduction in temperature of the gas to obtain a cooled, the
cooling structure to transfer heat from the magnet assembly to the cooled gas circulating in
the cooling structure.
[0008] Other aspects and features of the present disclosure will become
apparent to those ordinarily skilled in the art upon review of the following description of
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specific embodiments in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE FIGURES

[0009] Embodiments of the present disclosure will now be described, by way
of example only, with reference to the attached Figures.

[0010] Fig. 1A shows an elevation, cutaway view of an embodiment of a

flow induction system in accordance with the present disclosure.

[0011] Fig. 1B shows a bottom cutaway view of some elements of the flow
induction system of Fig. 1A.

[0012] Fig. 1C shows a side elevation view of some elements of the flow
induction system of Fig. 1A.

[0013] Fig. 2 shows a top, cutaway perspective view of the flow induction
system of Fig. 1.

[0014] Fig. 3 shows a cross-sectional cutaway view of another embodiment of the
flow induction system of the present disclosure.

[0015] Fig. 4 shows a perspective, cutaway and exploded view of the

flow induction system of Fig. 1.

[0016] Fig. 5 shows a side elevation view of a pneumatic motor and a
magnet assembly space-apart from a conductive metal plate to which a shaft and a
fiow inducer assembly are connected.

[0017] Fig. 6 shows an example of a cooling structure that can be used in the
flow induction system of the present disclosure.

[0018] Fig. 7 shows a flowchart of an example of a method of operating

a pneumatic motor assembly, in accordance with the present disclosure.

DETAILED DESCRIPTION

[0019] Generally, the present disclosure provides a pneumatic motor

assembly that includes a pneumatic motor and magnets connected to the pneumatic

motor. These magnets are magnetically coupled to a shaft assembly that is rotated

upon powering of

the pneumatic motor. The pneumatic motor is configured to receive a compressed gas (or

more generally, a compressed fluid) that powers the pneumatic motor. The pneumatic

motor is further configured to guide the compressed gas from the pneumatic motor through

a jacket (a compartment) that is in thermal contact with the magnets. The jacket is vented
3
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to atmosphere. As the compressed gas powers the pneumatic motor and is guided through
the jacket to atmosphere, its pressure and temperature decrease. As the jacket is in
thermal contact with the magnets, and when the magnets are at a higher temperature than
the gas, heat is transferred from the magnets to the gas, which allows for cooling of the
magnets. The pneumatic motor assembly of the present disclosure is advantageous in
high temperature environments where the magnets are subject to temperatures that may
reach their maximum operating temperature, beyond which the magnetic force of the
magnets decreases. By providing cooling of the magnets, their magnetic characteristics
can be maintained in high temperature environments. The pneumatic motor assembly of
the present disclosure can magnetically couple to any suitable implement to rotate the
implement. The implement can be a shaft assembly, as will be described below.
[0020] The present disclosure further provides a flow induction system that
uses the pneumatic motor assembly of the present disclosure. The flow induction
system is used to induce flow in a liquid. As an example, the liquid can be a molten salt
present in a molten salt nuclear reactor.
[0021] In the context of the present disclosure, a pneumatic motor is to be
understood as meaning any type of motor that does mechanical work when powered by
an expanding compressed fluid. Also in the context of the present disclosure, elements
in thermal contact are elements that can exchange energy through the process of heat.
[0022] Figure 1A shows an elevation, cutaway view of an embodiment of a
flow induction system 20 of the present disclosure. The flow induction system 20
includes pneumatic motor assembly that comprises a pneumatic motor 22 and a sleeve
24 secured to the pneumatic motor. The sleeve 24 has secured thereto magnets 26,
which are also part of the pneumatic motor assembly. As such, the magnets 26 are
connected to the pneumatic motor 22. As will be understood by the skilled worker,
even though the magnets 26 are shown as connected to the pneumatic motor 22 via
the sleeve 24, they can be, in other embodiments connected directly to the pneumatic
motor 22, without departing from the scope of the present disclosure. The connection
between the various elements (pneumatic motor, sleeve, magnets) can be effected
through any suitable connection means such as, for example, fasteners, solder,
interconnecting mating features defined by the elements, etc. In yet other embodiments,
there may be, instead of a sleeve, individual connecting members connecting the
magnets to the pneumatic motor.
[0023] Additionally, the flow induction system 20 includes a housing 30 and a
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shaft assembly 32 contained in the housing. The sleeve 24 and the magnets 26 surround
a portion 28 (in this embodiment, a top portion) of the housing 30. The flow induction
system 20 further has a jacket 42 that surrounds the pneumatic motor 22, the sleeve 24
and the magnets 26. The jacket 42 is in thermal contact with the housing 30. The jacket
42 is an example of a cooling structure. Another example would be a cooling coil
encircling the housing 30. An example of such a coil is provided elsewhere in this
document. The jacket 42, or any alternative cooling structure, is part of the pneumatic
motor assembly.
[0024] The shaft assembly 32 includes a shaft 34 secured to a plate 38, which is
secured to magnets 36 that are magnetically coupled to the magnets 26. As such, the
shaft assembly 32 is magnetically coupled to the magnets 26. The shaft assembly 32 and
the portion 28 of the housing 30 are configured to define a gap (spacing) between the
magnets 36 and the portion 28 of the housing. The pneumatic motor 22, the sleeve 24,
the magnets 26 and the portion 28 of the housing are configured to define another gap
between the magnets 26 and the portion 28 of the housing. The flow induction system 20
also includes a flow inducer assembly 52, connected to the shaft 32 and configured to
pump (move, induce flow of) a fluid in which the flow inducer assembly 52 is placed. In the
present embodiment, the flow inducer assembly 52 includes a boundary layer, disc flow
inducer 54, which is connected to the shaft 34.
[0025] In the present embodiment, the pneumatic motor 22 is a boundary layer
disc flow turbine. Compressed gas enters the boundary layer disc flow turbine tangentially
to the disc flow turbine and exits the boundary layer disc flow turbine at a centre region
thereof. In the present embodiment, gas exits the pneumatic motor 22 at the central
bottom region of the pneumatic motor 22, forming an air cushion between the pneumatic
motor 22 and the housing 30. From there, the gas flows downward between the housing
30 and the magnets 26. In other embodiments, the pneumatic motor assembly can be
configured for the gas to exit the pneumatic motor at the top centre region of the pneumatic
motor. In yet other embodiments, the pneumatic motor assembly can be configured such
that the gas exits the pneumatic motor at both the top centre region and the bottom centre
region of the pneumatic motor.
[0026] Figure 1B shows a bottom cutaway view of pneumatic motor 22, the sleeve
24, the magnets 26, the portion 28 of the housing 30, the plate 38, the magnets 36 secured
to the plate 38, and the shaft 34. A gap 23 is shown in Figure 1B. The gap 23 is between the
magnets 26 and the portion 28. Another gap 31 is shown in Figure 1B. The gap 31 is
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between the portion 28 and the magnets 36. Figure 1C shows a side elevation cutaway view
of the pneumatic motor 22, the sieeve 24 and the magnets 26 of Figure 1B.
[0027] Referring now to Figure 1A, the pneumatic motor 22 is powered by a
compressed fluid, for example, a compressed gas, received from a compressed fluid source
{not shown). As the pneumatic motor 22 is powered, it begins to rotate, causing the magnets
26 to also rotate. As the magnets 26 are magnetically coupled to the magnets 36 of the shaft
assembly 32, the magnets 36 and the whole shaft assembly 32 will also rotate, causing the
flow inducer assembly 52 to induce flow in the liquid in which it is placed.
[0028] The flow induction system 20 comprises a fluid inlet 40 through which the
compressed fluid is received. The compress fluid powers the pneumatic motor 22 and exits
therefrom into the jacket 42, which surrounds the housing 30. As the compressed fluid
loses pressure as it powers the pneumatic motor 22, the temperature of the fluid
decreases. The jacket 42 has an outlet 44 from which the fluid, now at a lower pressure
and at a lower temperature than at the fluid inlet 40, is vented. As such, when the
temperature of the fluid in the jacket 42 is lower than the temperature of the elements of
the pump system that are in thermal contact with the jacket 42, the temperature of these
elements is decreased in accordance with the temperature difference between the fluid
and the elements in question and in accordance with the thermal conductivity of the
elements. Upon exiting the outlet 44, the gas can be returned to a compressor (not shown)
and reused.
[0029] In the present embodiment, the housing 30 also comprises thrust
bearing magnets 48 that maintain the shaft assembly 32 within the housing. In the
present embodiment, the housing 30 further comprises centering magnets 50 that
maintain the shaft assembly 32 centered in the housing 30. An embodiment of thrust
bearing magnets is shown in Figure 4 and is described further below.
[0030] Referring to Figure 1A, in the present embodiment, the jacket 42 is
configured to guide the fluid exiting the pneumatic motor 22 downwards (indicated by
arrows 10), between a partition 43 of the jacket 42 and the elements surrounded by
the jacket 42, for example, the magnets 26 and the housing 30, which is connected to
thrust bearing magnets and to the centering magnets 50. At the bottom end of the
partition 4 3, the fluid is directed (flows) upwards (indicated by arrows 11) between
the partition 43 and an outer wall 46 of the jacket 42. The fluid is subsequently
vented at outlet 44.
[0031] Consequently, at the fluid propagates through the jacket 42, from the
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pneumatic motor 22 towards the outlet 44, the elements of the flow induction system
that are surrounded by the jacket are cooled. For example, the magnets 26, the thrust
bearing magnets, and the centering magnets 50 are cooled. The cooling of the magnets
allows the flow induction system 20 to be used in elevated temperature environments
where, without cooling, the various magnets would see their temperature reach or go
beyond their respective maximum operating temperature, thereby losing much of their
magnetism and ability to perform the function for which they were designed.

[0032] As will be understood by the skilled worker, cooling of the inner magnet 36
is accomplished by radiant and convective heat transfer first through the housing 30 (which
can also be referred to as a static shield) and then through the outer magnets 26 that are
cooled by the jacket 42.

[0033] Figure 2 shows a top, cutaway, perspective view of the flow

induction system 20 of Figure 1A.

[0034] Figure 3 shows a cross-sectional cutaway view of another embodiment
of the flow induction system 20 of the present disclosure. In this embodiment, the flow
induction system 20 is used to induce flow in molten salt 51 used as a fuel in a nuclear
reactor core (not shown). The flow induction assembly 52 in Figure 3 is submerged in
the molten salt, which can be at a temperature of about 800 °C or at any other suitable
temperature. The level of the molten salt is shown, in Figure 3, as line 53. The

nuclear reactor core is located in a vessel of which only an upper plate 60 is shown.
The upper plate 60 has formed thereon a thermal insulation layer 62 to insulate the
exterior of the vessel from the heat generated in the vessel. Figure 3 also shows

thrust bearing magnets 57 above and below the pneumatic motor 22 and a flow bowl
61, which is part of the flow induction assembly 52.

[0035] The flow induction system 20 is secured to the vessel through any
suitable means such as, for example, bolts, welding, etc. The shaft assembly 32
extends from outside the vessel to inside the vessel, through the housing 30 of the flow
induction system and through an opening 64 defined in the upper plate 60. The
temperature of the molten salt 51 and the temperature in the region between the molten
salt 51 and the upper plate 60 can be at about 700 °C. Without the above noted cooled
gas circulating in the cooling structure (e.g., the jacket 42), the temperature throughout
the opening 64 and the housing 30 will not be substantially below the temperature
(about 700 °C) of the molten salt 51, which, for many type of magnets, is above the

maximum operating temperature of the magnets themselves. Table | shows a list of
7
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magnetic materials with their maximum operating temperature (Tmax) and their Curie
temperature (TCurie), the Curie temperature being the temperature at which the
elementary magnetic moments in the material becomes randomized and the material

demagnetized.
Table |
Materlal Tmax (OC) TCurje (OC)
Neodymium Iron Boron 150 310
Samarium Cobalt 300 750
Alnico 540 860
Ferrite 300 460
[0036] To prevent the magnets from reaching their maximum operating

temperature, compressed gas, for example, nitrogen (N2) can be provided to the
flow induction assembly 20 at the fluid inlet 40 at a temperature of 50 °C. The
expanded and cooled gas extracts, through the housing 30, heat present in the
magnets 26 and in the housing 30 and the temperature in the housing can be kept,
in some embodiments, below 300 °C, which is below the maximum operating
temperature of most magnets. The cooled gas circulating the flow induction
assembly 20 exits therefrom, at the outlet 44, at a temperature of, for example,
about 25 °C, As will be understood by the skilled worker, the pneumatic motor
assembly can be configured to operate with any suitable gas, at any suitable
pressure, and at any suitable temperature of the gas at the input of the pneumatic
motor assembly.

[0037] In some embodiment, in addition to being thermally connected to the
magnet assembly, the cooling jacket 42 of the present embodiment is also thermally
connected to the outside environment of the pneumatic motor assembly and the flow
induction system. The jacket thus also provides cooling to this outside environment.
[0038] Compressed gas other than nitrogen can also be used to power and
cool the flow induction assembly of the present disclosure. For example, inert gases
such as argon, helium, C02, air, etc., which can be relatively inexpensive and
abundant.

[0039] In other embodiments, instead of using compressed gas to drive and

cool the flow induction system of the present disclosure, a compressed liquid can be
8
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used. Examples of such liquids include glycol, mineral oil, deionized water etc. In such
embodiments, the liquid would flow through the liquid jacket to remove heat therefrom.
[0040] In further embodiments, phase changing fluids can be used to drive
and cool the flow induction assembly of the present disclosure. Examples of such
phase changing fluids include ammonia, halocarbon products such as
dichlorodifluoromethane (Freon-12™), and hydrofluorocarbons -these can be liquid
upon entering the fluid inlet 40 and rapidly expand into a gas used to power and cool
the flow induction system.
[0041] In other embodiments, where a non phase changing liquid is used, a
liguid powered motor would be used instead of a pneumatic motor. Such liquid powered
motors can include, for example, impulse turbines, vane motors, and boundary layer
disc flow turbines.
[0042] In further embodiments, simple fluids can be used to drive the flow
induction assembly of the present disclosure. Such fluids could also provide cooling
action by having the fluids pass through a cooling apparatus such as a radiator
external to the flow induction assembly, for example in an adjacent chamber thermally
insulated from the high temperature region. Examples of such simple fluids include
liquid metals such as lead or sodium. Further examples include high temperature heat
transfer oils such as used in solar energy receivers or other molten salts including
nitrate based salts, fluoride or chloride based molten salts.
[0043] Figure 4 shows a perspective, cutaway and exploded view of the
embodiment of Figure 3. In some embodiments, as shown at Figure 4, the housing 30
can have the centering magnets 50 formed therein as well as thrust bearing magnets
57. The thrust bearing magnets 57 are configured to magnetically couple with the
magnets 36 in order to hold the shaft assembly in the housing 30 and to magnetically
couple with the magnets 26 to hold the pneumatic motor 22 (which is connected to the
magnets 26 through the sleeve 24) above the housing the 30. As will be understood by
the skilled worker, other type of coupling between the housing 30 and the shaft
assembly 32 are also within the scope of the present disclosure. As an example, any
suitable thrust ball bearing or fluid thrust bearing can be used.
[0044] As will be understood by the skilled worker, any suitable type of
pneumatic motor powered by a compressed fluid may be used without departing from
the scope of the present disclosure. Such pump motors can include, for example, a
disc flow motor, a vane motor, an impulse turbine, a reaction turbine, a Tesla turbine,
9
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etc.
[0045] Further, even though the coupling between the pneumatic motor 22 and
shaft assembly 32 is shown as a magnetic coupling, other suitable electromagnetic
based coupling could be used without departing from the scope of the present
disclosure. Such electromagnetic coupling can include an eddy current system with a
flat plate of rotating permanent magnets inducing rotation in a conducting metal plate
connected to the pump shaft. Such a system would have a flat section of static shield
between the two rotating plates to provide a similar sealed system to the present
disclosure. Figure 5 shows a side elevation view of the pneumatic motor 22 of Figure 1C
connected to a magnet assembly 90 through a sleeve 24. The magnet assembly 90 is
adjacent a conductive metal plate 92 to which a shaft 94 is connected. A flow inducer
assembly 96 is connected to the shaft 94.
[0046] Figure 6 shows another example of a cooling structure that can be used
in the flow induction system of the present disclosure. The cooling structure of Figure 6
is a coil 110 configured to encircle the housing 30, which is shown separate from the
coil on this Figure. The coil 110 is made of a coiled tube 112 through which expanded
and cooled gas (or, more generally, cooled fluid) circulates. The gas is input from the
pneumatic motor 22 (Fig. 1) at the coil input 114 and output at the coil output 116 and
from there, to the outlet 44 (Fig. 1). The coiled tube 112 can be made of any suitable
material that, when disposed in thermal contact with the housing 30, can extract heat
from the housing 30.
[0047] Even though the flow inducer assembly 52 shown in Figures 1 and 2
includes a boundary layer, disc flow inducer, any other suitable type of flow inducer
can be used without departing from the scope of the present disclosure. For example,
any suitable impeller or propeller can be used.
[0048] The pump system of the present disclosure can be used in high-
temperature environments such as in molten salt nuclear reactors where the
pump system is configured to pump molten salt.
[0049] Figure 7 is a flowchart of an example of a method of operating a
pneumatic motor assembly, in accordance with the present disclosure. At action 200, a
gas is circulated through a pneumatic motor to drive the pneumatic motor into rotation.
The pneumatic motor is coupled to an implement such that powering the pneumatic
motor transfers torque to the implement. At action 202, the gas that has driven the
pneumatic motor is directed to a cooling structure, which is thermally connected to the
10
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implement. At action 204, the gas is circulated through the cooling structure. The gas
expands when circulating through at least one of the pneumatic motor and the cooling
structure. The expansion of the gas causes a reduction in temperature of the gas, which
results in a cooled gas. At action 206, heat is transferred from the implement to the
cooled gas.

[0050] As such, the method of figure 7 relates to powering a pneumatic motor
with a gas and using the same gas to cool an implement driven by pneumatic motor.
[0051] In the context of the flow induction system of the present disclosure,

the implement can be the shaft assembly 32 shown at Fig. 1, which is connected to

the pneumatic motor 22.

[0052] In the preceding description, for purposes of explanation, numerous
details are set forth in order to provide a thorough understanding of the embodiments.
However, it will be apparent to one skilled in the art that these specific details are not
required. The above-described embodiments are intended to be examples only.
Alterations, modifications and variations can be effected to the particular embodiments
by those of skill in the art. The scope of the claims should not be limited by the
particular embodiments set forth herein, but should be construed in a manner consistent
with the specification as a whole.

1"
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WHAT IS CLAIMED IS:

1. A pneumatic motor assembly comprising:

a pneumatic motor configured to receive a gas, the gas received at the pneumatic motor
being a compressed gas, the gas to circulate through the pneumatic motor to drive
the pneumatic motor into rotation, the pneumatic motor further configured to output
the compressed gas subsequent to the compressed gas having driven the pneumatic
motor;

a magnet assembly connected to the pneumatic motor, the pneumatic motor configured
to rotate the magnet assembly; and

a cooling jacket surrounding the pneumatic motor and the magnet assembly, the cooling
jacket having a partition, the cooling jacket being thermally connected to the magnet
assembly, the cooling jacket configured to receive the gas output from the pneumatic
motor, the compressed gas received at the cooling jacket to circulate through the
cooling jacket downwards between the magnet assembly and the partition and,
subsequently, upwards between the partition and an outer wall of the cooling jacket,
the compressed gas to expand when circulating through at least one of the pneumatic
motor and the cooling jacket, an expansion of the compressed gas causing a
reduction in temperature of the compressed gas to obtain a cooled gas, the cooling
jacket configured to transfer heat from the magnet assembily to the cooled gas
circulating in the cooling jacket.

2. The pneumatic motor assembly of claim 1 wherein the magnet assembly is a first
magnet assembly, the first magnet assembly is configured to magnetically couple to a second
magnet assembly to rotate the second magnet assembly.

3. The pneumatic motor assembly of claim 2 wherein the second magnet assembly
comprises a metal plate, the first magnet assembly is configured to generate an eddy current in
the metal plate to magnetically couple the first magnet assembly to the second magnet
assembly.

4. The pneumatic motor assembly of claim 1 wherein the pneumatic motor is one of a disc
flow motor, a turbine, and a Tesla turbine.

12

Date Recue/Date Received 2023-01-26



5. A flow induction system to induce flow in a liquid, the flow induction system comprising:

a pneumatic motor configured to receive a gas, the gas received at the pneumatic motor
being a compressed gas, the compressed gas to circulate through the pneumatic
motor to drive the pneumatic motor into rotation, the pneumatic motor further
configured to output the compressed gas subsequent to the compressed gas having
driven the pneumatic motor;

a magnet assembly connected to the pneumatic motor, the pneumatic motor configured
to rotate the magnet assembily;

a shaft assembly magnetically coupled to the magnet assembly, the shaft assembly
having a flow inducer assembly configured for immersion in the liquid, the magnet
assembly configured to rotate the shaft assembly and the flow inducer assembly to
induce flow in the liquid; and

a cooling jacket surrounding the pneumatic motor and the magnet assembly, the cooling
jacket having a partition, the cooling jacket being thermally connected to the magnet
assembly, the cooling jacket configured to receive the compressed gas output from
the pneumatic motor, the compressed gas received at the cooling jacket to circulate
through the cooling jacket downwards between the magnet assembly and the partition
and, subsequently, upwards between the partition and an outer wall of the cooling
jacket, the compressed gas to expand when circulating through at least one of the
pneumatic motor and the cooling jacket, an expansion of the compressed gas causing
a reduction in temperature of the compressed gas to obtain a cooled gas, the cooling
jacket to transfer heat from the magnet assembly to the cooled gas circulating in the
cooling jacket.

6. The flow induction system of claim 5 wherein the magnet assembly connected to the
pneumatic motor is a first magnet assembly, and the shaft assembly comprises a second
magnet assembly that magnetically couples to the first magnet assembly.

7. The flow induction system of claim 5 wherein the shaft assembly has a conductive metal
plate and the magnet assembily is configured to generate an eddy current in the conductive

metal plate to magnetically couple the magnet assembly to the shaft assembly.

8. The flow induction system of claim 5 wherein the pneumatic motor is one of a disc flow
motor, a turbine, and a Tesla turbine.
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9. The flow induction system of claim 5 wherein the flow inducer assembly comprises one

of an impeller, a propeller, and flow plates.

10. The flow induction system of claim 5 further comprising a housing formed between the
magnet assembly and the shaft assembly, the housing configured to house at least a portion of
the shaft assembly.

11. The flow induction system of claim 10 further comprising thrust bearing magnets secured
1o the housing, the thrust bearing magnets configured to support the shaft assembly.

12. The flow induction system of claim 10 further comprising centering magnets secured to
the housing, the centering magnets to center the shaft assembly in the housing.

13. A method of operating a pneumatic motor assembly, the method comprising:

circulating a compressed gas through a pneumatic motor to drive the pneumatic motor
into rotation, the pneumatic motor being configured to transfer torque to an implement
connected to the pneumatic motor;

directing the compressed gas having driven the pneumatic motor to a cooling jacket that
surrounds the pneumatic motor and the implement connected to the pneumatic motor,
the cooling jacket being thermally connected to the implement, the cooling jacket
having a partition;

circulating the compressed gas through the cooling jacket downwards between the
implement and the partition and, subsequently, upwards between the partition and an
outer wall of the cooling jacket, the compressed gas to expand when circulating
through at least one of the pneumatic motor and the cooling jacket, an expansion of
the compressed gas causing a reduction in temperature of the compressed gas to
obtain a cooled gas; and

transferring heat from the implement to the cooled gas circulating in the cooling jacket.

14. The method of claim 13 wherein circulating a compressed gas includes circulating a
compressed nitrogen gas.
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15. The method of claim 13 wherein transferring heat from the implement to the cooled gas

circulating in the cooling jacket is followed by venting the cooled gas.
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