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(57) Abstract: A steam generator includes an inlet configured to receive a liquid (such as water); a heating element for converting
the liquid into a vapor (such as steam), the vapor bearing particles such as mineral deposits formed by the converting of the liquid;
an outlet in fluid communication with the inlet, the outlet configured to discharge filtered vapor and having a size on the order of lar -
ger ones of the particles; and a filter structure adjacent to the outlet to filter the larger particles out of the vapor to produce the
filtered vapor for discharge from the outlet. By action of the filter structure, larger particles are prevented from reaching the outlet,
reducing clogging and extending the usable lifetime of a small appliance containing the steam generator. The filter structure may in-
clude spaced-apart members such as posts or pillars extending perpendicularly in a planar fluid flow passage.
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TITLE OF APPLICATION

Steam Generator

BACKGROUND

The present invention relates to the field of steam generators for small steam
appliances such as steam cleaners, steam mops, etc.

It is known to employ steam generators to convert liquid water into steam as part of
the operation of a small steam appliance such as a consumer steam cleaner, steam mop, etc. A
steam generator typically includes a heating element and surrounding structure that establishes
a fluid flow path along which the water flows to be converted into steam by heat from the
heating element. The resulting steam is provided via an outlet of the steam generator to a

separate steam discharge component of the small appliance.

SUMMARY

In a small steam appliance, steam may be discharged from a steam generator at a
relatively narrow outlet from which it travels to a steam discharge component or other point of
use in the appliance. During the conversion process, solid particles such as mineral salts may
be formed due to the presence of minerals such as calcium and magnesium in the water. The
salts are deposited within the steam generator and the deposits build up over time. Deposited
material can be dislodged in the form of relatively large particles that can cause blockage at the
outlet. In time, the blockage can increase to the point of reducing the effective operation of the
appliance or rendering it completely unusable. Thus, the natural action of particle formation in
a steam generator of an appliance may determine the length of the useful life of the appliance.

Disclosed is a steam generator capable of delivering good life expectancy by reducing
such blockage at an outlet at which steam is discharged. The steam generator includes an inlet
configured to receive a liquid (such as water); a heating element for converting the liquid into
a vapor (such as steam), the vapor bearing particles formed by the converting of the liquid; an
outlet in fluid communication with the inlet, the outlet configured to discharge filtered vapor
and having a size on the order of larger ones of the particles; and a filter structure adjacent to
the outlet to filter the larger particles out of the vapor to produce the filtered vapor for

discharge from the outlet. By action of the filter structure, larger particles are prevented from
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reaching the outlet, reducing clogging and extending the usable lifetime of a small appliance
containing the steam generator.

In some embodiments, the filter structure includes a set of spaced-apart members
forming a screen substantially larger than an opening of the outlet. The members may be
formed as posts or pillars extending perpendicularly in a planar passage through which the
liquid and vapor flow. These posts or pillars may be integrally formed with a cover or other
structural member of the steam generator, such as by molding or die casting. The spacings
among the members may be set in relation to a diameter of the outlet to ensure that larger
particles become trapped by the members while smaller particles can pass through the

members and exit the outlet.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages will be apparent from the
following description of particular embodiments of the invention, as illustrated in the
accompanying drawings in which like reference characters refer to the same parts throughout
the different views. The drawings are not necessarily to scale, emphasis instead being placed
upon illustrating the principles of various embodiments of the invention.

Figure 1 is a schematic diagram of a steam generator;

Figures 2 and 3 are perspective views of a steam generator;

Figure 4 is a deconstructed or exploded view of the steam generator;

Figure 5 is a view of an inner surface of a top of the steam generator;

Figure 6 is a view of an inner surface of a bottom of the steam generator;

Figure 7 is a view of a center section of the steam generator.

DETAILED DESCRIPTION
It will be appreciated by those of ordinary skill in the art that the disclosure can be
embodied in other specific forms without departing from the spirit or essential character
thereof. The presently disclosed embodiments are therefore considered in all respects to be
illustrative and not restrictive.
Figure 1 is a schematic diagram of a steam generator 10 of the type used in a small
appliance. It generally includes a housing or other structure defining a chamber 12 in which

liquid water from an inlet is heated by a heating element 14 to form steam that is discharged at

.
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an outlet. Adjacent to the outlet is a filter structure 16 that filters out particles greater than a
certain size, preventing them from reaching the relatively narrow outlet where they would
contribute to clogging and degrade operation of the appliance.

Generally, the filter structure 16 (also referred to as “filter” 16 herein) has an effective
surface area across the flow path that is significantly larger than the opening of the outlet, so
that the rate at which the filter 16 becomes clogged by filtered particles is much lower than the
rate at which the outlet would become clogged in the absence of the filter. For example, the
effective surface area of the filter may be five times the size of the outlet opening or greater.
Specific examples are described below.

Although not shown in Figure 1, it will be understood that the steam generator 10
receives water from a water feeding system, which may include a reservoir, piping or tubing,
and one or more valves. Water may be fed under force of gravity, or some form of mechanical
pressurization such as a pump may be employed. The steam is channeled to one or more
points of use, which may be discharge nozzles/openings at an outer surface of the appliance
for example.

Figures 2 and 3 are perspective views of a steam generator 20 from respective ends
according to one embodiment of the present disclosure, where the steam generator 20
implements the generalized arrangement shown in Figure 1. In some instances, a steam
generator 20 may also be referred to as a boiler. The steam generator 20 includes a body or a
housing having an inlet 22 configured to receive a liquid. In some embodiments, the liquid may
be water or a mixed solution, among other types of liquids or fluids. In other embodiments,
the mixed solution may be a mixture of vinegar/water, detergent/water or cleaning
solution/water, among other suitable cleaning mixtures.

The steam generator 20 includes an internal heating element (not shown in Figures 2
and 3) receiving electrical power via a pair of electrical contacts 28. The heating element is
capable of converting the liquid into a vapor (e.g., convert water into steam). The steam
generator 20 also includes an outlet 24 in fluid communication with the inlet 22, where the
outlet 24 is capable of discharging the vapor produced within the steam generator 20. For
example, water converted into steam by the heating element can exit (e.g., be expelled or
discharged from) the outlet 24.

As shown in Figures 2 and 3, parts of the housing or body of the steam generator 20

may include posts 26 or similar external mechanical features which are used for mounting the
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steam generator 20 within a steam appliance such as a steam mop or a handheld steamer,
among other steam-using devices. Examples of steam appliances include those disclosed in
U.S. Patent Publications US2009/0320231A1 and US2008/0066789A1, cach of which is
incorporated herein by reference in its entirety for all purposes.

Also shown in Figures 2 and 3 are a plurality of apertures 30. As described in more
detail below, the steam generator 20 is constructed of multiple planar sections, and the
apertures 30 receive bolts (not shown) used to fasten sections together. In other embodiments,
a steam generator may be molded or employ some other means of joining sections, so that the
apertures 30 are not necessary. In some embodiments, the steam generator 20 can be
modularly constructed, among other suitable fabrication methods.

Also shown in Figures 2 and 3 is a hollow or hole 29 used to hold a separate
thermostat (not shown). The thermostat provides an electrical output indicative of the
temperature of the steam generator 20, the output being used by separate control circuitry
(also not shown) to switch or otherwise control the electrical power provided to the steam
generator 20 so as to maintain temperature within a desired range during operation. In one
embodiment, steam discharged from the outlet 24 has a temperature of about 120 C, which is
achieved by maintaining a temperature at the thermostat of about 140 C. In the illustrated
embodiment the hollow 29 for the thermostat is located adjacent to the inlet 22, which may be
desirable for more responsive temperature sensing and control during operation.

Figure 4 is an exploded view of the steam generator 20 showing three separate
sections or portions referred to as a top 40, center section 50, and bottom 60. The heating
element is located in the center section 50 within a two-sided planar casing 51 (further details
provided below), surrounded by the top 40 and bottom 60 as outer members or covers of the
assembly. Respective sets of vanes (items 52 and 62 for center section 50 and bottom 60
respectively, not visible for top 40 in Figure 4), define short serpentine flow paths along which
water and vapor flow from the inlet 22 to the outlet 24. Additionally, water and vapor flow
from the bottom side of the casing 51 to the top side via open areas 53 between a peripheral
edge of the casing 51 and the peripheral wall of the center section 50. During operation, water
traveling the internal flow path from the inlet 22 is in intimate contact with the casing 51 and is
heated beyond its boiling point to create steam which is discharged via the outlet 24.

Further regarding the vanes 52, 62, they define points at which a direction of the fluid

flow path changes abruptly (e.g., at openings in their ends). While serpentine paths are useful
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to increase heat transfer to the fluid, they can contribute to the build-up of deposits if their
lengths are excessive. Thus, it is generally preferred that there be only a small number of
direction changes in the fluid flow paths, such as three or less. In the illustrated embodiment,
there are only two such changes of direction of the path across a surface of the center section
50.

As previously mentioned, the sections 40, 50 and 60 may be bolted together in one
embodiment. To that end, the center section 50 may have threaded openings 55 on both its top
and bottom faces, while the top 40 and bottom 60 have unthreaded openings 30 through
which respective bolts (not shown) extend to engage the threaded openings 55 and thereby
hold the top 40 and bottom 60 to the center section 50. It will be appreciated by one skilled in
the art that although the steam generator 20 as disclosed herein has three sections 40, 50 and
60, the steam generator 20 can be fabricated using fewer or more sections as may be desirable
in alternative embodiments.

Figure 5 is a plan view of the inner surface of the top 40 of the steam generator 20,
which faces the top surface of the center section 50 when assembled together. As shown, the
top 40 includes the outlet 24 where the vapor is discharged. In one embodiment, the diameter
of an inner bore of the outlet 24 can be in the range of about 1 mm to about 10 mm. The term
“about” herein signifies deviation of no more than +/- 20%. The diameter of the outlet 24 can
be any of a variety of values in different embodiments, including for example about 1.5 mm, or
about 2 mm, or about 2.5 mm, or about 3 mm, or about 3.5 mm, or about 4 mm, or about 4.5
mm, or about 5 mm, or about 6 mm, or about 7 mm, or about 8 mm, or about 9 mm. In other
embodiments, the diameter of the outlet 24 can be less than about 10 mm, or less than about
7.5 mm, or less than about 5 mm, or less than about 2.5 mm.

The top 40 includes a pair of vanes 42 that engage the top-surface vanes 52 of the
center section 50 (Figure 4) for guiding the liquid and vapor as described above. In operation,
the liquid and vapor travelling within planar cavities or passages between the top 40 and the
center section 50 are guided or directed by the vanes 42, 52. In some embodiments, the liquid
and/or vapor may be influenced or perturbed by the vanes 42, 52 to produce desired agitation,
which is discussed more below.

The top 40 includes a plurality of spaced-apart members 44 disposed substantially
adjacent to the outlet 24. These function as the filter structure 16 of Figure 1. The members 44

may be formed as pins, posts or pillars extending from the inner surface of the top 40 and/or
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from the facing surface of the center section 50. In the illustrated embodiment, the members
44 extend vertically across a planar passage at the outlet 24, either partially or entirely
between respective surfaces of the top 40 and center section 50 when assembled together.

Liquids such as water from residential or commercial water supplies may contain
dissolved minerals or other matter than can form deposits on the inner surfaces of the steam
generator 20 from the heating of the liquid to vapor (e.g., water to steam). Typical minerals
contained in water include calcium and magnesium, among other elements, compounds and
minerals. The deposits or residues can precipitate out of the solution (e.g., water) as it is
heated to vapor. Typically, the precipitates themselves are much smaller than the opening of
the outlet 24, so they are discharged with the vapor and do not build up or otherwise cause
clogging. However, larger particles can be created in the form of deposited material that has
been freed from the inner surface during operation and that is carried by the liquid and vapor
toward the outlet 24. Also, even the smaller precipitates themselves can cause buildup right at
the outlet 24 over time, causing partial or complete blockage and degraded operation of the
steam generator 20.

The array of members 44 provide the above-discussed filtering with increased surface
area by virtue of extending across a relatively wide area adjacent to the outlet 24 and creating
a large number of paths through which the vapor can travel toward the outlet 24. Any small
number of spaces between members 44 may become clogged without substantially reducing
the ability of the vapor to travel to the outlet 24. The vapor will naturally be directed around
such clogs toward open spaces and paths through the members 44 to the outlet 24. 1t is only
when most of these spaces become clogged that performance will degrade significantly, and
this clogging occurs over a much longer period of time than the time required to clog the
outlet 24 if no filtering were provided. Thus, the usable lifetime of the steam generator 20 can
be significantly increased over other steam generators not employing such filtering.

As shown in Figure 5, the members 44 may be spaced apart by different spacings S1,
S2 and S3. In one embodiment, the spacings S1, S2, S3 between the members 44 can be in the
range of from about 1 mm to about 10 mm. In some embodiments, the spacing S1, S2, S3
between the members 44 can be in the range of about 1.5 mm, or about 2 mm, or about 2.5
mm, or about 3 mm, or about 3.5 mm, or about 4 mm, or about 4.5 mm, or about 5 mm, or

about 6 mm, or about 7 mm, or about 8 mm, or about 9 mm. In other embodiments, the
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spacing S1, S2, S3 between the members 44 can be less than about 10 mm, or less than about
7.5 mm, or less than about 5 mm, or less than about 2.5 mm.

In some examples, the spacing S1, S2, S3 between the members 44 can be the same
(e.g., S1 =82 =S3 =2 mm). Inother examples, the spacing S1, S2, S3 between the members
44 can be different (e.g., S1 = 1 mm, S2 =2 mm, S3 =3 mm). Alternatively, the spacing S1,
S3, S3 between the members 44 can be a combination thereof.

In one embodiment, the spacing S1, S2, S3 between the members 44 may be smaller
than the diameter of the outlet 24. In operation, when the mineral deposits or precipitates are
larger than the opening of the outlet 24, they may be trapped between the members 44. In the
alternative, when the mineral deposits or precipitates are smaller than the orifice of the outlet
24, they are more likely to pass through the members 44 and be discharged through the outlet
24.

In some embodiments, the members 44 can take on a patterned grid formation or have
an organized orientation or alignment. In other embodiments, the members 44 can be
randomly distributed in the top 40 without any orientation or alignment. Alternatively, the
members 44 can have a combination of configuration, orientation and alignment.

Although in the illustrated embodiment the members 44 are formed integrally with the
top 40, in alternative embodiments similar members 44 or other components of a filter
structure 16 may be part of a separate filter element that is inserted into the flow path.

Figure 6 is a view of an inner surface of the bottom section 60 of the steam generator
20. Similar to the top 40, the bottom section 60 includes a pair of vanes 62 for guiding the
fluid and vaporized mediums. In some embodiments, the vanes 62 may create a vortex motion
within the cavities or chambers of the steam generator 20. The cyclonic or vortex motion
within the cavities can force precipitates or particles out of the flow path. In the alternative,
the vortex motion may cause fast moving flow path during the conversion of fluid medium to
vaporized medium and create better cleaning action of the vaporized medium within the steam
generator 20. In other words, fast moving steam may act as a cleaner and minimize the
accumulation of mineral deposit particles. Any mineral deposit particles can be broken or
disrupted by the fast steam motion and discharged through the outlet 24.

Figure 7 is a deconstructed view of the center section 50 of the steam generator 20,
which has a shell-like construction employing top and bottom members 54, 56. It includes a

U-shaped heating element 58 of substantially circular cross section throughout, housed within
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corresponding U-shaped recesses 60 of the members 54, 56. In the illustrated embodiment, the
heating element 58 has a diameter of about 6 mm and receives electrical power via the
contacts 28. In one embodiment, the heating element 58 is capable of delivering 1200 W of
power, or 1300 W of power, or higher. In some embodiments, the heating element 58 can
produce other power output levels. In some embodiments, the heating element 58 can take on
other shapes and sizes.

In the above description of the steam generator 20, the inlet 22 is shown in the bottom
60, while the outlet 24 is shown in the top 40 and the heating element 52 in the center section
50. These items may be positioned differently in different embodiments. In many cases it will
be desirable that the heating element be centermost to minimize undesirable heating of exterior
surfaces of an appliance that contains the steam generator 20. In addition, although the steam
generator 20 as shown includes three sections 40, 50, 60, it will be appreciated that alternative
arrangements may employ more or fewer sections, or use of a single integrally formed unit.

In some embodiments, a steam generator as disclosed herein need not be pressurized.
In other embodiments, the steam generator 20 disclosed herein may be pressured. In some
instances, the steam generator 20 can be oriented in a vertical orientation in operation (i.c.,
inlet and outlet spaced apart in mostly a vertical direction), while in other instances, the steam
generator 20 can be oriented in a horizontal orientation. Alternatively, the steam generator 20
can be oriented at multi-variable angles or in multi-variable directions/orientations when
mounted within the steam appliance.

A steam generator as disclosed herein may have a relatively small footprint (e.g.,
smaller in size, weight) and be incorporated in a handheld steam apparatus such as a portable
handheld steamer, among others, as described above. For example, the steam generator 20
can have a weight of not greater than about 500 grams, or not greater than about 400 grams,
or not greater than about 300 grams, or not greater than about 200 grams, or not greater than
about 100 grams.

A steam generator as disclosed herein can deliver a life expectancy of greater than 100
hours, or greater than 150 hours, or greater than 200 hours, or greater than 250 hours, or
greater than 300 hours. In doing so, the steam generators 20 can pass greater than about 100
L of water, or greater than about 200 L of water, or greater than about 300 L of water, or

greater than about 400 L of water, or greater than about 500 L of water through its inlet.
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While in the above description the filter structure 16 is realized by the array of
members 44, in alternative embodiments it may be realized in other ways. As an example, a
sufficiently fine-grained metal mesh may be employed. A metal mesh or similar structure may
advantageously provide a large surface area, extending the usable life of the steam appliance
accordingly.

While various embodiments of the invention have been particularly shown and
described, it will be understood by those skilled in the art that various changes in form and
details may be made therein without departing from the scope of the invention as defined by

the appended claims.
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CLAIMS

What is claimed is:

1. A steam generator for a small appliance, comprising:

an inlet configured to receive a liquid;

a heating element for converting the liquid into a vapor, the vapor bearing particles
formed by the converting of the liquid;

an outlet in fluid communication with the inlet, the outlet configured to discharge
filtered vapor and having a size on the order of larger ones of the particles; and

a filter structure adjacent to the outlet to filter the larger particles out of the vapor to

produce the filtered vapor for discharge from the outlet.

2. A steam generator according to claim 1, wherein the filter structure comprises a plurality of

spaced-apart members forming a screen substantially larger than an opening of the outlet.

3. A steam generator according to claim 2, wherein spacing among the spaced-apart members

includes at least some spacing smaller than the opening of the outlet.

4. A steam generator according to claim 2, wherein spacing among the spaced-apart members

is in a range of 1 to 10 millimeters.

5. A steam generator according to claim 2, further including a planar passage at the outlet, and
wherein the spaced-apart members are an array of spaced pillars orthogonal to a plane of the
planar passage.

6. A steam generator according to claim 5, wherein the pillars have a polygonal cross section.

7. A steam generator according to claim 6, wherein the polygonal cross section is a square

Cross section.

-10 -
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8. A steam generator according to claim 5, further including a planar outer cover and a planar
interior section containing the heating element, the planar outer cover and planar interior

section defining at least part of a fluid flow path including the planar passage.

9. A steam generator according to claim 8, wherein the planar outer cover and planar interior

section include vanes configured to guide the fluid along the fluid flow path.

10. A steam generator according to claim 9, wherein the vanes define points at which a

direction of the fluid flow path changes abruptly.

11. A steam generator according to claim 10, wherein the points at which the direction of the

fluid flow path changes abruptly are less than three in number.
12. A steam generator according to claim 8, wherein the planar outer cover is a first cover,
and further including a second cover at an opposite side of the planar interior section from the

first cover.

13. A steam generator according to claim 12, wherein the second cover includes the inlet and

defines, along with the planar interior section, another part of the fluid flow path.

14. A steam generator according to claim 8, wherein the planar outer cover includes the pillars

formed integrally therewith.

15. A steam generator according to claim 8, wherein the planar passage includes a non-integral

filter element as part of the filter structure.

16. A steam generator according to claim 1, further including a thermostat located adjacent to

the inlet to sense an operating temperature of the steam generator.

17. A steam generator according to claim 1, wherein the particles are salts of minerals

occurring in cation form in the liquid.
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18. A steam generator according to claim 1, wherein the minerals include calcium and

magnesium.
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