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Electric steam generation

This invention relates to the electric generation of steam for use in domestic irons,

steam cleaners, wallpaper strippers and other hand-held steam generating

appliances and to various related components. Domestic steam irons have been

around for a long time. They comprise a sole plate which is flat and intended to

contact the item to be ironed and which is normally heated by means of a sheathed

electrical resistance heater mounted to or embedded in the upper side of the sole

plate. Traditionally, such irons which are designed to produce steam in order to

improve ironing have a semi-closed cavity formed on the upper face of the sole

plate and into which water is dripped from an on-board reservoir to produce steam

which is then allowed to escape onto the clothes by means of a series of apertures

formed in the sole plate. These are commonly known as vented steam irons. They

are relatively simple and inexpensive to implement which has made them very

popular. However, the steam produced is at very low pressure (essentially ambient

pressure) and cannot be produced very quickly, making it relatively ineffective.

At the other end of the market, are professional or semi-professional steam ironing

systems in which high pressure steam (e.g. of the order of 3 to 5 bar) is

continuously produced in a static base station incorporating a large water reservoir

which can then be fed, on demand, to the user's hand-held unit by means of an

umbilical cord. These are commonly known as pressurised steam generator irons.

They deliver a very high performance but are very expensive and tend to account

therefore only for a very small proportion of the market.

More recently there have been proposals, some of which have been

commercialised, which seek to bridge the gap between the two extremes outlined

above, although these have tended to carry their own drawbacks. For example, it

has been proposed to provide a boiler in a base unit, separate from the iron, which

is fed by pumping water into it from a reservoir in the base station. The main

disadvantage with these arrangements, commonly known as instantaneous steam

generator irons, is that there is in fact a significant time lag (of the order of 10

seconds) between the user pressing a button to demand steam and the steam



actually being produced and conveyed to the iron. This significantly limits user

acceptance, even though higher steam flow rates than vented steam irons can be

achieved when the steam is eventually delivered.

It is an aim of the present invention to provide an improved arrangement for

generating steam on demand which can be used in steam irons, and also in other

devices employing steam, such as steam cleaners, wallpaper strippers, other hand

held steam generating appliances etc.

When viewed from a first aspect the invention provides a steam generator

comprising a water inlet, a boiler, a valve for controlling the entry of water into the

boiler and means for delivering a surge of water to the boiler when the valve is

opened.

Thus it will be seen by those skilled in the art that in accordance with the invention

steam can be produced "on demand" by opening the valve to admit water into the

boiler, whilst the inherent time lag is reduced by providing an initial surge of water

into the boiler. The surge of water allows the boiler to be filled more rapidly than if it

were simply supplied by water at the steady-state flow rate at which it can produce

steam. This minimises the delay in the user having the steam available. The surge

volume, which can be considered to be the total volume of water supplied over and

above what would have been supplied at the steady-state flow rate, will typically

need to be less than the volume of the boiler. The surge volume might be such that

when added to the 'normal' flow the boiler is filled to its design capacity. In some

embodiments the surge volume is at least half the volume of the boiler.

In preferred embodiments the boiler is provided in a portable appliance such as a

steam iron, steam cleaner, wallpaper stripper or other hand-held steam generating

appliance. This also helps in significantly reducing the time lag between a user

demanding steam and the steam being delivered, as compared to an arrangement

with the boiler in a base unit. As well as being beneficial in minimising the delay in

delivering steam, it obviates the need to provide tubes and connectors which are

capable of withstanding pressurised steam between the base unit and the mobile

unit.



Although the boiler will typically be thermostatically controlled, it is preferably

arranged such that it is allowed to reach a higher operating temperature when there

is no water flow (i.e. when the valve is closed) than when the valve is opened and

water is flowing. This means that the boiler can store additional thermal energy in

its thermal mass, further reducing the time to produce the first shot of steam after

the valve is opened because the surge of water can then be heated more rapidly.

Many ways can be envisaged of providing the initial surge of cold water in

accordance with the invention set out above. For example, a pump might be

provided for pumping water into the boiler which is configured so that when the

valve opens, the pump delivers a higher flow rate than its steady-state flow rate.

However, this is presently considered a relatively complex and expensive option.

Another possibility would be to provide an arrangement in which the surge of water

is provided manually by a user. Conveniently, for example, this could be provided

by a suitable mechanism arranged to deliver the extra water, which mechanism was

coupled to a button or lever that is operated by the user in order to demand the

supply of steam. In just one example of such an arrangement, a lever coupled to

the steam knob or the like might be used to expel water from an additional store, or

other means could be used.

It should be noted that in accordance with the invention set out above, the surge of

water could be provided independently of the ordinary flow of water into the boiler

when the valve is opened, e.g. by means of a separate inlet, but preferably it

comprises a temporarily enhanced flow rate after the valve is opened.

In a preferred set of embodiments, water is stored in an elastically-charged store

upstream of the valve. The water in the elastically-charged store can therefore

provide the additional flow to provide the surge when the valve is first opened. The

elastically-charged store could be provided in a number of ways. In one possibility

envisaged by the applicant it simply comprises an elastically expandable tube for

supplying water to the boiler. Indeed, depending upon the material used for the

tube and the pressure at which water is supplied by means of it, some swelling of

the tube may be inevitable. However, the applicant has recognised in the context of



the desirable features set out above, that this can be positively exploited in order to

deliver some or all of the surge of water in accordance with the invention.

Additionally or alternatively, a discrete elastically-charged store could be provided.

In one set of embodiments, the store comprises a reservoir acted upon by a

resiliently mounted piston. In another set of embodiments, the store has one or

more expandable walls. The walls themselves could be elastically expandable

and/or could expand into an elastically compressible surrounding medium. In a set

of embodiments, the elastically-charged store comprises a bladder, preferably an

elastically expandable bladder, which is arranged within an appliance to expand

into a space within the appliance. This is particularly beneficial as the bladder can

expand into an irregularly shaped space thus making it easier to accommodate

within an appliance without compromising the external design.

The water for supplying the boiler may be provided in a number of ways. In a set of

preferred embodiments the boiler is provided in a portable appliance also including

a reservoir. Water could be supplied from the reservoir to the boiler in a number of

different ways. For example, it might simply be disposed in an upper part of the

appliance (with respect to the orientation in which the appliance is normally meant

to be used) such that the water is supplied under hydrostatic force. Another

alternative would be to provide a pump. In a set of embodiments, the reservoir is

pressurised. This could for example be achieved by means of a compressed air

chamber or the reservoir could be elastically charged.

The on-board reservoir discussed above could be integrated with the previously

described elastically-charged water store for providing the initial surge of water to

the boiler where such a store is provided. In another set of embodiments however

the reservoir is separate.

As in the case of the elastically charged "surge" store discussed above, where a

separate on-board reservoir is provided it could be acted upon by a resiliently

mounted piston. In another set of embodiments, the reservoir has one or more

expandable walls. The walls themselves could be elastically expandable and/or

could expand into an elastically compressible surrounding medium. In a set of

embodiments, the reservoir comprises a bladder, e.g. an expandable bladder



arranged such that pressure is applied to the water therein when expanded. This

might be beneficial as the bladder can expand into an irregularly shaped space thus

making it easier to accommodate within an appliance without compromising the

external design. Indeed, since the reservoir will need to have a greater capacity

than the "surge" store, the advantage obtainable from the collapsible bladder

embodiments are potentially greater since the ability to be able to use irregularly

shaped spaces in the appliance will be even more useful.

In some of the embodiments where the boiler is provided in a portable appliance

together with a reservoir, the appliance could comprise means for a user to refill the

reservoir. In another set of embodiments a base unit comprising a base reservoir is

provided, the portable appliance being a corresponding mobile unit. This might

allow the mobile unit to be operated cordlessly, by refilling the on-board reservoir

when the mobile unit is replaced on the base unit. Another (not mutually exclusive)

possibility is for the mobile unit to be operable either in a cordless mode as set out

above or in a corded mode in which water is supplied directly from the base

reservoir.

In a cordless arrangement the capacity of the on-board reservoir, i.e. that provided

on the mobile unit can be designed to give a certain period of use off the base

before it must be replenished. Conveniently, this time is related to the time taken

for the boiler and/or the sole plate in the case of an iron to fall below a certain

minimum temperature for useful operation. Preferably the capacity of the reservoir

is sufficient to provide the water to generate steam for more than 10 seconds,

preferably more than 15 seconds, preferably more than 20 seconds. In some

embodiments enough water is stored for 30 seconds or more of steam.

In other embodiments comprising a mobile unit and a base unit, the mobile unit

remains attached to the base unit by means of a cord so that the base unit supplies

water to the boiler in the mobile unit. Typically such a cord would also supply

electrical power to the appliance. In such embodiments an on-board reservoir to

allow for cordless use is not required. An elastically-charged store may

nonetheless be provided to provide the surge. In alternative embodiments

employing a fixed electrical cord, no base unit is provided and a reservoir is



provided on the appliance which can be refilled by a user. Again an elastically-

charged store may also be provided to provide the surge.

In embodiments comprising a base unit with a base reservoir, the base unit

preferably comprises a pump for pumping water from the base reservoir to the

mobile unit. In embodiments with no base reservoir a pump is preferably provided

on the appliance for pumping water from the reservoir to the boiler.

In one set of embodiments the pump (wherever it is provided) is arranged to

operate continuously whilst the appliance is switched on. This ensures that

pressure is maintained for minimising the amount of time either to refill the

elastically-charged surge store (where provided), to refill the on-board reservoir -

where a base reservoir and on-board reservoir are provided, or simply to deliver

water to the boiler. A bypass valve - e.g. to deliver water back to the reservoir -

may be provided to prevent the pump stalling or drawing excessive current when

delivery of water is not required.

In some embodiments, particularly those having a fixed electrical cord or operating

in corded mode, there may be provided means to delay operation of the pump until

the boiler has reached a predetermined operating temperature. A temperature

sensitive control means may be arranged to provide an electrical connection to the

pump only when it is detected that the operating temperature has been reached.

Alternatively a timer could be programmed to delay the operation of the pump until

such time that the boiler is expected to have heated up. It is preferred that the

pump and the electric heating means of the boiler are connected electrically in

parallel so that they may be controlled by a common on/off switch. This allows for

simple "one button" operation of the appliance, while also ensuring that the boiler is

hot enough when water is pumped into it that steam generation starts rapidly.

Advantageously the start-up time may be reduced.

When viewed from a further aspect the invention provides a cordless electrical

mobile appliance comprising a water reservoir for storing water under pressure, the

water reservoir comprising an expandable bladder arranged such that pressure is

applied to the water therein when expanded.



Any of the essential or preferred features of the first aspect of the invention set out

above may be applied to this invention. Thus in one set of embodiments the

appliance comprises a boiler and so could be a steam iron, steam cleaner,

wallpaper stripper or any other hand-held steam-generating appliance.

Furthermore it is preferable for a base unit to be provided including a further

reservoir for refilling said water reservoir.

In accordance with all previous aspects and embodiments of the invention,

preferably the boiler comprises a water inlet, an electric heater, a steam outlet and

an evaporation space bounded by at least one surface in thermal contact with the

heater, wherein the evaporation space is configured to present an expanding cross-

sectional area in a direction away from the water inlet. This corresponds to an

increasing internal volume in the evaporation space and a corresponding increase

in surface area during the advancement and a corresponding rise in temperature of

the water and steam. In accordance with such arrangements, the evaporation

space can start off relatively small to give good intimate contact between the water

and the heated surface(s) of the evaporation space to give efficient evaporation of

the water, whilst at the same time allowing the steam so generated to expand into

the increasing volume as it flows away from the water inlet e.g. to an outlet.

Such an arrangement is novel and inventive in its own right and thus when viewed

from a further aspect the invention provides a boiler for a steam generator

appliance comprising a water inlet, an electric heater and an evaporation space

bounded by at least one surface in good thermal contact with the heater, wherein

said evaporation space is arranged such that it expands in cross-section in a

direction away from water inlet.

In some embodiments in accordance with such arrangements the evaporation

space is very shallow to maximise the surface area over which the water is spread

to enhance the efficiency of steam generation. In an exemplary set of

embodiments, the height of the evaporation space is narrow enough to prevent

drops from forming - e.g. less than 3 mm. In some embodiments the evaporation

space has a constant, preferably shallow height. In some possible implementations

of the boiler, the evaporation space is formed between two similarly shaped

surfaces in close proximity to one another. The separation of the surfaces provides



the height of the evaporation space and thus in a set of preferred embodiments

they are separated by a gap of less than 3 mm.

Clearly when the height of the evaporation space is constant, the claimed

expanding cross-section is provided by an increasing width to give the recited

increase in the cross-sectional area of the evaporation space in a direction away

from the water inlet. In some example embodiments, the evaporation surface is

convex, concave or conical. Other substantially two or three dimensional forms

such as fans, deltas, hemispheres, parabolas, prisms, pyramids and other suitable

forms can be employed to provide the required increasing volume and surface area.

Of course, other, more complex, shapes could be used to give the same effect,

both internally to enhance surface area and so evaporation efficiency and externally

to minimise the space required for the boiler in the appliance. Equally however the

evaporation space could simply comprise an open chamber - in other words it is not

essential for it to be narrow.

The heated surface bounding the evaporation space (hereinafter referred to as "the

evaporation surface") is preferably non-planar. This facilitates maximising the

surface area available in a given volume occupied by the boiler within the

appliance. In a set of preferred embodiments, the surface area of the evaporation

surface (measured prior to the application of any surface enhancing coating) is

more than 1.5 times the maximum planar projection of the surface (i.e. the

footprint), more preferably greater than 1.75 times, more preferably greater than

twice.

The evaporation space could be empty until it is filled with water/steam, although in

one set of embodiments a lattice or mesh structure is provided. In some

circumstances this can enhance the efficiency of steam generation by increasing

the effective area which is heated and can also help to reduce the Leidenfrost effect

(whereby small droplets of water are separated by an insulating layer of steam

when water comes into contact with a very hot surface). In an exemplary set of

embodiments, a woven metal mesh is located within the evaporation space. The

mesh structure could be lightly compressed against the evaporation surface, e.g. by

being trapped between two confronting surfaces as previously mentioned so that

the extremities of the mesh's major surfaces, those created by the alternating under



and over relationship of the mesh's woven elements, contact the evaporation

surface and the confronting surface in a corresponding alternating arrangement.

Filling the evaporation space with a lattice or mesh can help to restrict the flow of

water particles, but allow the freer passage of steam, so increasing the evaporation

efficiency of the boiler. In one set of embodiments a woven stainless steel mesh or

meshes is employed which is advantageously corrosion resistant. However other

configurations can provide a similar advantageous effect, e.g. an expanded mesh, a

perforated material, a fibrous material etc.

Additionally, or alternatively, the evaporation surface could be provided with a

texture, structure or coating to increase its surface area at a microscopic level

and/or to mitigate the Leidenfrost effect. For example the surface could comprise

steps, tessellations or texture creating a myriad of channels or small structures for

increased surface area and turbulence to flow within the evaporation space.

Preferably the evaporation surface is hydrophilic, at least at its normal operating

temperature. In an exemplary set of embodiments the normal operating

temperature is greater than 160 0C. This might be a natural characteristic of the

material used for the evaporation surface, it might be achieved or enhanced by a

suitable surface treatment and/or it might be achieved or enhanced by a suitable

heat resistant coating material. Where the evaporation surface is made hydrophilic

by a surface treatment or coating the treated or coated surface should be

hydrophilic at a temperature at which the Leidenfrost effect would otherwise occur

on the untreated or uncoated surface.

In a set of embodiments the evaporation surface is coated with a coating

comprising zeolite particulates. Preferably said zeolite particles are of a nano and

micro scale. In a set of embodiments the coating comprises aluminosilicate

particles. In an exemplary set of embodiments the particles have the CAS number

13 18-02-01 or similar. Preferably such a coating comprises a binder which acts as

a carrier medium to facilitate the application as a thin film between 3 microns to 100

microns in thickness but more preferably between 3 microns and 50 microns in

thickness. The binder is preferably formulated not to saturate the structure of the

zeolite particles and to facilitate a functional film layer with micro-porous properties,



improving surface wetting and exhibiting minimal surface tension in contact with

water.

Prior to drying or curing to form the functional coating, the zeolite particulates are

held in suspension within the binder. Upon hardening to form the functional coating

the zeolite particles are thereafter encapsulated or partially encapsulated by the

binder to create a nano and or micro scale structured open cell syntactic matrix

where the zeolite particulates act as scaffolds with interlinking nano and or micro

scale voids creating a partially open and partially closed cell structure. Prior to the

application of the functional coating, the internal surfaces of the boiler may be

prepared via surface roughening and degreasing, where the surface is abraded and

a defined texture results to assist in mechanical bonding of the functional coating to

the prepared surface but also to further impart a texture. Such a texture can

influence the heat transfer surface of the functional coating. The preferred surface

roughening method would be high pressure grit blasting or blasting with any other

suitable substrate to create the preferred finish however other suitable methods

may be employed.

The use of a zeolite coating having the optional features set out above on the

evaporation surfaces of a boiler or other liquid heater , particularly one for a

compact portable electrical appliance such as a steam iron, is novel and inventive

in its own right. When viewed from a further aspect therefore the invention extends

to the use of a coating comprising zeolite particulates on a surface heated to heat a

liquid in contact therewith to enhance the transfer of heat between the surface and

the liquid. The invention also extends to a heater or boiler having such a coating

applied thereto.

In a set of embodiments, at least part of the evaporation space is configured so as

to present an interrupted flow path. Advantageously, such a structure could be

provided at least in a portion nearest to an exit of the evaporation space, i.e.

furthest from the water inlet. Such arrangements have been found to enhance the

evaporation of water which has not been evaporated and also to physically

separate unevaporated droplets of water from the steam. The Applicant has found

that a similar effect can be found by throttling or otherwise restricting the flow of

steam.



The evaporation space may of course have more than one evaporation surface.

This might be the case as a result of the distribution of the heating element, the

provision of multiple heating elements, or simply by the close thermal connection

between a surface which is directly heated and another surface.

In a set of preferred embodiments the boiler is configured to produce super-heated

steam. In some preferred embodiments the boiler has a temperature of between

100 and 500 0C, more preferably between 105 and 380 0C. Preferably the internal

steam pressure generated within the boiler should not be greater than that of the

water pressure entering it, else water will be prevented from entering the device,

resulting in a subsequent drop in steam flow rate and unwanted fluctuation in steam

output.

Steam may simply be allowed to leave the boiler once it has passed through the

evaporation space. However, in a set of preferred embodiments the boiler

comprises means for collecting the steam. This allows it, for example, to be

channelled into one or more pipes for delivering it to the steam outlet(s) of an

appliance on which the boiler is provided. The means for collecting steam may

comprise means for trapping unevaporated droplets of water. For example this

might be a protruding outlet tube encouraging steam channelled by the walls of the

chamber to undergo a change of direction leading to expulsion of entrained

droplets.

In a set of embodiments the boiler is divided into the evaporation space and a

steam collection space. In a set of embodiments the boiler is divided by an

intermediate member provided in the chamber of the boiler. Preferably the

intermediate member provides one of the surfaces defining the evaporation space.

A boiler in accordance with the aspect of the invention set out above may usefully

be used for the continuous generation of steam. However, it is particularly

beneficial for appliances where steam is required "on demand" since the features

described above, at least in their preferred embodiments, allow the very rapid

production of steam from when water first enters the water inlet as compared, for

example, with a more traditional boiler in which a heating element is used to heat a



body of water. An important factor in achieving this effect is to supply water to the

boiler under pressure and thus a particularly preferred set of embodiments has a

boiler of the kind described above, or indeed one which only has some of the

features set out, which might include the feature of expanding cross-sectional area,

in an appliance comprising means for supplying pressurised water to the water inlet

of the boiler. As previously mentioned, such an appliance could, for example

comprise an electric iron, a steam cleaner, wallpaper stripper or any other hand¬

held steam generating appliance. The means for pressurising water could be any

of those discussed above or indeed any other. The pressure of the water supply is

preferably greater than 0.5 bar, e.g. more than 1 bar and might be up to 3 bar or

more.

Where the boiler is to be used to produce steam "on demand" it is beneficial, in

order to minimise the initial delay between filling it with water and producing steam,

that when it does not contain water, it is allowed to increase in temperature and

therefore store thermal energy which can be used to heat the initial charge of water

to boiling as rapidly as possible. In a set of preferred embodiments, the useable

energy which the boiler is adapted to store, that is the amount of heat energy

available to generate steam, is more than 20 kilojoules, more preferably greater

than 35 kilojoules and more preferably greater than 50 kilojoules.

As will be apparent from the discussion above, in many embodiments of the

invention there is a mobile appliance and a base unit. For many electrical

appliances, it is convenient for a mobile unit to have a cordless electrical connection

to a base unit. This might, for example, be because the mobile unit includes a

battery which only needs periodic recharging when placed on the base unit, or it

could be that, for example in the case of a kettle or coffee maker, electrical power is

only needed for a short time and the cordless connection allows the appliance to be

moved to where it is needed. However the invention also extends to appliances with

a fixed electrical cord.

In the case of irons, although there are many cordless irons available and these

have obvious convenience advantages, there is a perception across a significant

part of the market that cordless irons, particularly cordless steam irons, have a

substantially inferior performance as compared to corded versions since by



definition energy cannot be supplied while the iron is being used. The Applicant

has recognised that there are advantages and disadvantages both ways. It has

therefore devised an arrangement which seeks to achieve some of the advantages

of both arrangements. In accordance with some embodiments of the invention

therefore there is provided an adaptor for supplying electrical power to the mobile

appliance, said adaptor being operable in a first, corded mode in which it is secured

to the appliance to permit electrical power to be supplied while the appliance is

being used; or in a second, cordless mode in which electrical connection between

the adaptor and the appliance can be made by placing the appliance on or against

the adaptor; and broken by lifting or moving the appliance away from the adaptor.

Thus it will be seen that in accordance with these embodiments of the invention, a

mobile appliance may be operated either in a corded or in a cordless mode

depending upon the requirements of the user. For example in the context of an

electric iron, if a user wished to carry out a series of light ironing tasks, perhaps

without the use of steam, he or she could conveniently use the iron in the cordless

mode and replace it on the adaptor to reheat it between garments. Alternatively if a

heavy ironing task arose, perhaps requiring a lot of steam, the user can attach the

adaptor to the iron and enjoy the benefits of the ability to supply electrical power

while the iron is actually being used.

The adaptor could be designed to be placed directly on a surface when not secured

to the appliance, but in a set of preferred embodiments it is designed to be secured

instead to a base unit. This is novel and inventive in its own right and thus when

viewed from a further aspect the invention provides an adaptor for supplying

electrical power to a mobile electrical appliance, said adaptor being operable in a

first, corded mode in which it is secured to the appliance to permit electrical power

to be supplied while the appliance is being used; or in a second, cordless mode in

which it is secured to a base unit such that electrical connection between the

adaptor and the appliance can be made by placing the appliance on or against the

base unit; and broken by lifting or moving the appliance away from the base unit.

The adaptor could be connectable directly to a suitable power outlet to provide

electrical power, but preferably it is connected to the base unit, with the base unit in

turn being connected to the power outlet.



As will be apparent from the foregoing, one of the advantageous possible

implementations of the invention is in the context of a hand-held steam appliance.

Accordingly, in a preferred set of embodiments the adaptor also comprises means

for supplying water to the appliance. Again, this could conceivably come from a

separate water connection directly to the adaptor but preferably it comprises a

water reservoir in the base unit. Thus when viewed from another aspect the

invention provides an adaptor for supplying electrical power to a mobile electrical

appliance, said adaptor being operable in a first, corded mode in which it is secured

to the appliance to permit electrical power and water to be supplied while the

appliance is being used; or in a second, cordless mode in which it is secured to a

base unit such that electrical and water connection between the adaptor and the

appliance can be made by placing the appliance on or against the base unit; and

broken by lifting or moving the appliance away from the base unit.

Providing a water supply can allow operation in a cordless mode, when the adaptor

is not attached, whereby a reservoir of water in the iron is used and replenished

when the appliance is replaced on the adaptor; or a corded mode whereby water

and electricity can be supplied to permit longer and/or higher performance use.

Preferably the means for supplying water from the adaptor to the appliance

comprises valve means on either side of the connection to prevent leakage either

from the adaptor or from the appliance when the two are not connected, during the

process of connection, or when connected.

The appliance and base unit should be designed so that they do not inadvertently

disconnect from one another. When only an electrical connection is being made, it

is relatively easy to achieve this simply by means of the weight of the appliance,

which would typically be much greater than the spring force necessary to maintain a

good electrical connection between the electrical contacts. However, where a

water connection is also provided, particularly where the water supply is at

significant pressure, the weight of the appliance alone may not be sufficient to

ensure that a firm connection is maintained since as well as the electrical contact

spring force, the force required to hold the respective valves open and the force

exerted by the water pressure will tend to act to separate the connectors.



In some possible embodiments of the invention therefore the base unit and/or the

appliance are configured to prevent unwanted disconnection therebetween. In

some embodiments, such configuration can be provided by means which secure

the appliance to the base unit. Indeed, this could simply be the same means by

which the adaptor can be secured to the appliance for use in corded mode.

However, this is considered to be relatively inconvenient for a user as it requires

positive disconnection of a clip or other fastening means before the appliance can

be lifted or moved from the base station which negates some of the convenience

advantages associated with a cordless appliance.

In a set of embodiments the base unit and appliance comprise means for

preventing separation in a direction substantially parallel to the axis of the

connection, but which permit removal of the appliance in a direction non-parallel to

said axis. In such embodiments the configuration of the base and appliance

prevent disconnection under the force of the pressurised water supply tending to

separate the connectors and/or the contact force of the electrical connector, whilst

still allowing the user to remove the appliance from the base simply picking it up in

an appropriate direction. One possible way of implementing this would be to

provide a recess on the base unit into which the appliance could be seated by a

tilting or rotating action with the distal wall of the recess, or indeed any other

mechanical arrangement, preventing movement along the connector axis, i.e.

tangential to the tilting action required to place or remove the appliance. Another

example would be a hook or ridge on one of the appliance or the base unit

cooperating with a corresponding feature on the other.

Such an arrangement is novel and inventive in its own right and thus when viewed

from a further aspect the invention provides a cordless electrical steam-generating

system comprising a base unit and a cordless appliance wherein said base unit and

appliance comprise mutually cooperating connection means supplying a

pressurised fluid from the base unit to the appliance, said base unit and appliance

further comprising means for preventing mutual separation in a direction parallel to

the axis of the connection, but which permits removal of the appliance in a direction

non-parallel to said axis.



As mentioned above, this arrangement is particularly beneficial where there is a

relatively high force tending to separate the connectors, e.g. where the connectors

include a pressurised water connector. In an exemplary set of embodiments of this

aspect of the invention and the associated embodiments of previous aspects, the

force tending to separate the connectors is greater than a quarter of the weight of

the appliance. In such applications, it could be inadvisable to rely on the weight of

the appliance alone to provide the connector closure force since the relatively

significant opposing force can make a secure connection difficult and can make the

connection unstable to being gently knocked or rocked.

Since in accordance with the arrangements set out above it is no longer necessary

to rely on the weight of the appliance to provide the closure force on the

connectors, the system designer is given greater freedom as to the orientation on

which the appliance rests on the base unit. Thus, rather than requiring the cordless

water and possibly electrical connectors to be provided on a face of the appliance

on which the appliance is adapted to stand, they could be applied by a different

surface. To give an example in the context of an electric iron, the cordless

connectors might be provided on the back end of the iron on which the iron is stood

when it is being rested during use, but when placed on the base, the iron could be

placed at an angle nearer to the horizontal or indeed fully horizontal. Accordingly,

in a set of embodiments a cordless base unit is provided having electrical power

and water connections on a surface having an angle of less than 45° to the vertical.

Where a cordless arrangement is provided for both electrical power and water,

completely independent connectors could be provided. However, this could make it

more difficult to mate the appliance with the base unit as it might require

simultaneous alignment between the two separate connectors. In preferred

embodiments, the power and water connections are provided with a mutual

alignment of mating parts, often referred to in the art as a common coning

arrangement. In other words, there is a single guidance alignment system to control

the direction of approach of the appliance to the base unit during engagement or

disengagement. In a set of preferred embodiments the connections are arranged

such that after physical contact has been made between one pair of connectors and

they are subsequently brought towards their full alignment axis, physical contact is

made between the other pair of connectors. Having sequential contact like this is



beneficial where one pair of connectors have a greater tolerance to the initial angle

when contact is first made than the other pair of connectors. For example the

tolerance to initial angle, often known as the coning angle, tends to be greater for

the electrical connectors than for the water connectors.

The water and electrical connectors could be arranged side by side. However in

some embodiments they are arranged one above the other, that is one at a greater

height than the other, when the iron or other appliance is on its base unit. This is

beneficial as it limits the degree of alignment which it is necessary for a user to

carry out, given that the base unit gives alignment in a vertical plane.

In one set of embodiments, one half of each connector could be provided in a

concave formation on one of the appliance on the base part with the other halves of

the connectors being provided in a corresponding convex formation on the other of

the base unit and the appliance.

In some sets of embodiments of various aspects of the invention, a base unit is

used to provide a pressurised water supply to a cordless appliance unit when the

latter is placed onto the base. In some such embodiments, the base water supply

is continuously pressurised since this allows a pressurised reservoir in the

appliance to be recharged in accordance with the preferred embodiments. As

alluded to earlier, even in an arrangement where the base and appliance are

configured to prevent the pressure of the water separating the connectors when the

appliance is fully engaged on the base, the presence of the water pressure and the

force required to hold the respective valves open could nonetheless make it more

difficult for a user to bring the connectors together. These are both in addition to

the force exerted by the spring contacts in the electrical connector.

In one set of embodiments, the base unit is provided with means for reducing the

pressure of a pressurised water supply while a user is connecting, and optionally

disconnecting, the cordless appliance to/from the base unit. There are of course

many ways in which this could be done. For example, manual intervention by a

user, e.g. to press a button, could be used. Preferably however the base unit is

arranged to detect when the cordless appliance is brought into engagement with it.



There are any manner of ways in which this can be done using optical, magnetic,

capacitance sensors, etc. but preferably a simple micro-switch is arranged to be

operated as the appliance is brought into engagement. This could be an electrical

micro-switch to reduce the pressure e.g. by reducing the speed of or switching off a

pump, or a direct mechanical arrangement e.g. closing a valve or throttle to limit or

stop water flow.

In accordance with all aspects and embodiments of the invention where pressurised

water is either supplied to or stored within a mobile unit, the pressure of the water is

preferably at least 0.5 bar preferably at least 1 bar and in some cases is greater

than 3 bar.

Certain preferred embodiments of the invention will now be described, by way of

example only, with reference to the accompanying drawings in which:

Fig. 1 is a perspective view of an iron in accordance with an embodiment of the

invention;

Fig. 2 is a view of an adaptor for supplying electrical power and water to the iron

shown in Fig. 1;

Fig. 3 is a cut-away view showing the internal components of the iron with the

adaptor fitted;

Fig. 4 is a view similar to Fig. 3 with some of the internal components removed for

clarity;

Fig. 5 is a view of the internal components making up the water and steam system;

Fig. 6 is an enlarged cross-sectional view of the two pressure accumulators;

Fig. 7 is an enlarged view of the compact steam generator module;

Fig. 8 is an exploded view of the steam generator with the outer cover removed;



Fig. 9 is a sectional view through the steam generator;

Fig. 10 is another sectional view through the steam generator;

Fig. 11 is a perspective view of the iron described with reference to Figs. 1 to 10,

operating in a corded mode, and a base station;

Fig. 12 is a view of the base configured for use of the iron in a cordless mode;

Fig. 13 is a view of the iron seated on the base;

Figs. 14a-e show schematically various alternative embodiments of either or both of

the pressure accumulators;

Fig. 15 is a perspective view of another embodiment of the invention;

Figs. 16 and 17 are views from the side and rear respectively of the appliane of Fig.

15 with the outer housing removed;

Fig. 18 is a sectional view through the pressure accumulator;

Fig. 19 is a view of the boiler; and

Fig. 20 is an exploded view of the boiler.

Fig. 1 is an external view of a steam iron 1 which embodies several aspects of the

invention. In Fig. 1 can be seen the main body 2 , an electrically heated sole plate 4

and a handle 6. A temperature selector knob 8 is provided on the body 2 beneath

the handle 6. A further knob 10 is provided on the front of the handle 6 to allow a

user to control the amount of steam supplied by the iron (alternatively it could

simply allow steam to be switched on or off). At the rear of the iron is a cordless

electrical connector 24 - here the male part of the Applicant's P75 cordless

electrical connector set but of course any other suitable connector could be used -

and a water connector 26.



Fig. 2 shows an adaptor unit 12 for connection to the rear of the iron for supplying

the iron with electrical power and water. The adaptor comprises an outer body 14.

Projecting from one face of the body 14 is the female part 16 the Applicant's P75

cordless connector set. Above the electrical connector 16 is the water connector 18

which comprises a valve 20. An umbilical cord 22 connects the adaptor 12 to a

base unit (not shown) and carries inside it separately insulated electrical wires and

a tube for carrying water. These are connected to the electrical connector 16 and

the water connector 18 respectively.

Figs. 3 and 4 show cut-away views of the iron with the adaptor 12 connected to it.

Thus, at the rear of the iron the electrical connectors 16, 24 are mating as are the

water connectors 18, 26. The water connector parts 18, 26 are configured so that

when they are sealingly connected to one another, pressure is applied to the valve

20 and to a corresponding valve (not shown) in the iron-side connector part 26 to

allow water to flow. The valves on each respective water connector 18, 26 prevent

the leakage of water when the adaptor 12 is separated from the iron.

On the inner face of the iron's sole plate 4 is an element block 28 inside which is

provided a resistance heating element for heating the sole plate 4 as is

conventional. The sole plate element is connected to the electrical power inlet 24

by means of a thermostat arrangement 30 which can be seen more clearly in Fig. 4

but which is in good thermal contact with the sole plate element. The temperature

control knob 8 is connected to the thermostat arrangement 30 in order to switch

power on and off and to set the thermostat to give the desired temperature range of

the sole plate 4. The boiler module 52 is also visible.

The water and steam system inside the iron will now be described with reference to

Fig. 5 in which the other parts of the iron have been removed for clarity. A short

flexible tube 32 connects the water inlet connector 26 to a T-piece connector 34,

the stem of which is connected to a pressure accumulator 36, which in use forms

an on-board water reservoir as will be explained in greater detail further below. A

further short tube 38 joins the T-piece connector 34 to a second T-piece connector

40 on a second pressure accumulator 42, which in use acts as a surge water store

as will be explained in more detail further below.



Fig. 6 shows a sectional view of the two pressure accumulators 36, 42 in more

detail. As may be seen from this Figure, inside each pressure accumulator 36, 42

is a sprung piston 37, 43 respectively. These pistons 37, 43 apply pressure to

water which is stored inside the respective accumulator. The pressure applied is

dependent upon the spring force of the corresponding spring. In this embodiment,

the spring force of the piston 43 in the surge accumulator 42 is greater than that of

the piston 37 in the on-board reservoir accumulator 36. This means that once the

surge accumulator 42 has emptied during the initial period of water supply, it will not

be refilled by the on-board reservoir accumulator 36.

A longer piece of flexible tubing 44 connects the T-piece connector 40 on the surge

accumulator 42 to a variable valve 46 which is operated by the user-operable steam

knob 10. Alternatively a simple on-off valve could be used. Downstream of the

valve 46 is a further tube 48 which connects at its other end to the inlet 50 of the

boiler module 52. The boiler module 52 is described below in greater detail with

reference to Figs. 7 to 10. The steam outlet 54 from the boiler module is connected

to a further tube 56 which conveys the steam exiting the boiler module 52 into a

plenum in the element block 28 formed on the upper side of the sole plate 4 (refer

to Fig. 3) and out from there through a plurality of apertures in the sole plate.

The novel boiler module 52 will now be described in greater detail with reference to

Figs. 7 to 10. Fig. 7 shows the external appearance of the boiler module 52. The

boiler 52 is largely covered by a heat-resistant cover 58 which is e.g. made of one

or more layers of mica, but can be made of any suitable substance. In the lower

right hand region (when viewed from Fig. 7) of the module there can be seen the

water inlet 50 and the end of a sheathed electrical resistance heating element 60.

A projecting metal connector 62 (known in the art as a cold tail) is provided to

enable electrical connection to the element 60. A similar cold tail 64 is provided at

the other end of the element which is visible on the left hand side of Fig. 7. A high

temperature regulator 66 is provided against a flange 68 (see Fig. 8) on the lower

body member 70 of the boiler.

The steam outlet 54 is visible in the top, left hand part of Fig. 7.



With particular reference now to Fig. 8, it can be seen that the main section of the

boiler is made up of four main parts: the lower body member 70, a corresponding

upper body member 72 and an intermediate conical member 74 which may all be

made of non-ferrous die-cast metal or other suitable material; and a conical mesh

layer 76, e.g. of stainless steel.

When assembled, the upper and lower body members 70, 72 are clamped together

by suitable means and this retains the intermediate conical member 74 and mesh

cone 76 between them. A suitably heat-resistant seal is provided between the

upper and lower body members 72, 70, although this has been omitted for clarity.

It may be seen that inside, the lower body member 70 defines a conical chamber 78

which receives the intermediate conical member 74. The inner wall of this chamber

78 is formed with a series of concentric annular steps, the purpose of which will be

explained later. The conical member 74 is spaced from the wall of the chamber 78

by a constant amount across its surface to form a narrow evaporation space. The

evaporation space is filled by the mesh 76 which is thick enough to touch the

surfaces on both sides of the narrow gap.

Fig. 9 shows a cross-section through the assembled module 52. This Figure shows

that the lower body member 70 has much thicker walls than the upper body

member 72 since they accommodate an embedded heating element 60. This is

cast into the lower body member during manufacture, although is omitted from Fig.

9 so that only the passage 80 it forms is visible. The embedding of the heating

element 60 in the wall of the lower body member 70 can be seen in Fig. 10. The

element is approximately helical so that it wraps around the conical cavity formed

by the lower body member 70. This ensures an even heat distribution across the

lower, tapering wall of the chamber 78.

At the lowest point of the steam chamber 78 is the opening 82 of another

passageway through the walls of the lower body member 70 which fluidly

communicates with the water inlet 50. At the top of the chamber 78 there is a

steam outlet formed by a short section of tube 84 which projects downwardly into

the chamber 78 and is in fluid communication with a narrow passageway 86



through the upper body member 72 and which communicates with the steam outlet

54.

As can be seen from Figs. 8, 9 and 10, the intermediate conical member 74

comprises a solid lower portion 88 and has a series of apertures 90 around its

upper portion. The mesh cone has been omitted from this Figure for clarity. It

should be appreciated that neither the mesh cone nor the intermediate conical

member is essential.

The internal heat transfer surfaces - that is the walls of the chamber 78 and the

intermediate conical member 74 - are coated with a functional heat resilient surface

coating that enhances the transfer of heat into the water. The coating improves the

speed of heat absorbed by the water particularly at operating temperatures above

160 C and below 3800C. The functional coating could instead be selectively

applied just to the interior of the evaporation space between the lower, tapering part

of the chamber wall 78 and the solid part 88 of the intermediate member. The

design of the chamber facilitates such simple selective application prior to

assembly. The coating can be applied in a single coat. To ensure its durability it

may however be necessary subsequently to cure it at an elevated temperature. The

method of application need not be complicated and can be accomplished without

sophisticated equipment - e.g. via spray, brush, roller or any other suitable method.

However other methods can be employed such as electrolytic, electrostatic,

plasma, thermal spray, vacuum deposition, spin coated, sol gel process,

evaporation and others.

The functional coating provides a hydrophilic surface and substantially increases

the available heat transfer surface area of the evaporation space by giving the

coated surfaces thereof a microstructure. A micro-surface and partially sub-surface

structure is imparted by the coating as it creates a surface matrix and micro-

textured surface. Additionally the coating is thermally shock resilient, adheres

strongly to the internal surfaces and preferably inhibits corrosion.

It will be seen that the internal configuration of the boiler has heat transfer surfaces

that are configured to operate at different scales through use e.g. of the functional

coating which operates to improve thermal transfer efficiencies at dimensions



between the nano and micro scales. The surface to which the coating is applied is

configured to impart a texture to the coating operating between a micro and macro

scales. The stepped surface structure on the other hand operates to enhance heat

transfer at a macro scale. Therefore the evaporation space operates as a complex

heat transfer surface/matrix with additional complex heat transfer surface/matrix

interactions at the micro and nano scale provided by the functional coating.

The stepped structure can also assist adhesion of the coating.

The various internal zones, cavities and openings of the boiler are arranged to

create predetermined varying resistance to the internal flow of water/steam and

also provide for a preferential direction of flow, wherein generally the zones are

configured to provide a sequential increase in volume corresponding to the

temperature of the fluid and its properties. Hence there are reducing obstructions

and resistance to flow within the chamber as fluid progresses through it to the exit.

The configuration is such that the internal steam pressure generated within the

boiler device is not greater than that of the water pressure entering the device. This

avoids water being prevented from entering the device, resulting in a subsequent

drop in steam flow rate and unwanted fluctuation in steam output.

Fig. 11 shows an iron 1 and corresponding base station 9 1 which are configured for

use in a corded mode. Most of the volume of the base unit 9 1 is taken up by an

internal water reservoir which may be filled at an inlet spout 92. A water outlet pipe

extends into the water reservoir and is terminated by a sodium, potassium or

hydrogen form demineralising filter. The outlet pipe is connected to an electrically

operated pump (not shown) which can pump water from the reservoir along a pipe

in the umbilical cord 22 to the water outlet 18 of the adaptor 12 (see Fig. 2). The

arrangement includes a pressure relief valve which can open into the water

reservoir either above or below the water level. This prevents a dangerous build-up

in pressure if there should be a blockage in any part of the system. If the pump is

run continuously it also prevents stalling of the pump which would overheat it and

reduce its reliability. The filter is provided between the reservoir and the pump but

this is not essential. The recirculation of water inherent in the use of such a valve is

also beneficial in improving filtration of the water.



On the top of the base unit is a stand for the iron which comprises a gently inclined

and curved base portion 106 and an upstand portion 108 at right angles to the base

portion 106. In use the base portion 106 faces the sole plate of the iron and the

back of the iron rests against the upstand portion 108. The upstand portion 108 is

shaped to allow it snugly to receive the adaptor 12. On the back of the upstand is a

user-operable knob 94 which can advance or retract a locking pin 96 for locking the

adaptor 12 to the upstand 108 when the iron is being used in cordless mode as will

be explained below with reference to Fig. 12.

At the other end of the base unit 9 1 there is a rotatable clip 98 having a C-shaped

cross section. As will be explained later with reference to Fig. 13, this receives the

tip of the iron's sole plate 4. A little way beneath this, protruding from the base

portion 106 is a microswitch 110 which can detect when the iron has been placed

on the stand. Of course any other contact or non-contact sensor arrangement

could be employed instead.

Although not visible in Fig. 11, an electrical flex is also provided for connecting the

base unit to a mains power outlet. This provides power for the pump and also

provides the electrical power supply to the adaptor 12 via the umbilical cord 22.

In Fig. 11 the iron is being used in a corded configuration. In this configuration, the

adaptor 12 is secured to the back of the iron 1 so that water and electricity can be

supplied from the base unit 9 1 while the iron is being used.

In Fig. 12, the adaptor 12 is instead secured to the upstand portion 108 of the base

using the locking pin 96 to allow the iron to be used in a cordless mode. In this

mode, water and electricity are only supplied to the iron when it is placed on the

base unit 91.

Fig. 13 shows the iron 1 seated on the base. Here it can be seen that as the tip of

the sole plate 4 has been received in the rotatable clip 98, it causes the clip to

rotate and lock it against axial movement away from the adaptor 12 secured to the

base unit upstand 108 containing the cordless connectors 18, 24 . This prevents

separation of the cordless connectors on the iron 1 and adaptor respectively under

the separation force provided by the water pressure from the pump, the valve



pressure and the electrical contact force. The C-section clip 98 prevents movement

of the iron 1 relative to the upstand portion 108 in a direction parallel to the plane of

the sole plate 4, i.e. in a direction parallel to the axes of the water and electrical

cordless connectors. This therefore prevents the tendency of these connectors to

separate. However, placement and removal of the iron can be easily achieved by

tilting the iron 1 out of the clip 98 to remove it and pivoting it into the clip 98 to

replace it. Of course, many other configurations could be used to give this effect.

Figs. 14a to e show, schematically, further possible embodiments of one or both of

the pressure accumulators provided in the iron (see Fig. 6 for reference). Figs. 14a

and 14b show a pressure accumulator 116 which has a flexible internal membrane

118 which divides the internal space in the accumulator between a water receiving

space 120 and a compressible medium 122, such as an elastomeric material with

low compression set. This means that as water fills the space 120, the medium 122

is compressed but in turn applies a reactionary pressure to the water to pressurise

it.

Fig. 14c shows a variant of this which illustrates that the walls of the accumulator

116' need not be regular in shape and can therefore be designed to fit into an

irregular space inside an appliance, thereby making maximum use of the space

available. Figs. 14d and 14e show a similar arrangement in which a bladder 124

can expand into the compressible medium 122 as it is filled with water. The bladder

124 might itself be elastically expandable to enhance the pressure on the water

when it is filled.

Operation of the iron will now be described with reference to Figs. 1 to 12.

Operation in cordless mode will be described first. With reference to Fig. 12, the

adaptor 12 is secured to the upstand 108 of the base unit by means of the locking

pin 96 (not visible). To commence operation, the iron 1 is placed on the base unit

so that the electrical power and water cordless connectors 16, 18 respectively of

the adaptor engage the corresponding connector parts 24, 26 of the iron. In this

embodiment when the iron is placed on the stand, its presence is sensed by the

microswitch 110 which switches on the pump to start pumping water into the iron.

Alternatively the pump can run continuously (in which case the microswitch could



be omitted. The water is pumped through the water tube in the umbilical cord 22,

through the opened valves of the cordless water connector 18, 26 and so into the

water system inside the iron. Since the user- operated variable valve 46 should be

closed whilst the iron is on the base, the water pressure developed by the pump fills

the on-board reservoir accumulator 36 and the surge accumulator 42 against the

force exerted by the respective sprung pistons 37, 43. Once the accumulators 36,

42 and various pipes 32, 38, 44 are filled with water, the system is fully pressurised

and the flow of water from the tank 92 in the base stops. If a pressure relief valve is

provided this will then act to divert the water to recirculate within the reservoir.

While the iron 1 is on the base 91, electrical power is supplied via the umbilical cord

and cordless connector parts 16, 24 to heat the sole plate element (not shown).

This heating is regulated by the thermostat 30 depending upon the setting of the

temperature control knob 8, as is well known in the art. Independently of the

heating of the sole plate element, electrical power is also supplied to the sheathed

resistance heating element 60 which is embedded in the lower body member 70 of

the boiler. This is controlled by a separate high temperature regulator 66 which

allows the boiler to reach a much higher temperature e.g. between 1600C and

380 C.

Although not shown, one or more indicator lights or other form of indication might

be provided to a user to indicate that the water system has charged, the sole plate

had reached the set temperature and/or the boiler had reached its predetermined

temperature. The user can then lift or move the iron away from the cordless base

thereby breaking the electrical and water connections between them. The valve 20

in the cordless connector 18 on the adaptor 12 which remains on the base unit

prevents the pressurised water in the umbilical cord from leaking out. A similar

valve in the iron-side connector 26 prevents leakage from the pressurised system in

the iron. Lifting or moving the iron away from the base also causes the microswitch

110 to open again and thereby switch off the pump unless it is configured to run

continuously.

The significant thermal mass of the sole plate 4 and its element means that the

temperature of the sole plate 4 remains sufficiently high for effective ironing to be

carried out for a reasonable time. If the user should require steam during use of the



iron, he or she simply needs to operate the knob 10 to open the valve 46 which

allows water to flow into the boiler 52 as will be described below.

When the valve 46 is first opened, there will be a surge of water under pressure

primarily from the surge accumulator 42. This initial surge of water rapidly fills the

boiler 52 to allow steam to be generated very quickly. This is enhanced by the high

thermal capacity of the boiler, particularly the lower body portion 70 which allows a

significant amount of thermal energy to be stored as a result of the high

temperature which the regulator 66 allows it to reach. As a result of this surge, the

boiler is filled nearly to its capacity and this, with the high initial temperature of the

lower body portion, produces a 'whoosh' of steam at a greater rate than the steady-

state steam production rate.

Operation of the boiler module 52 will now be described in greater detail with

reference to Figs. 8 to 10. Water first enters the boiler by means of the inlet 50.

The water passes through an internal conduit (not shown) in the lower body portion

of the boiler 70. As the water passes through this conduit, it is preheated so that

when it enters the boiling chamber its temperature is raised significantly above

ambient (but below boiling). The water enters the conical boiling chamber 78 by

means of an opening 82 at its apex. The water is forced under pressure, provided

initially by the surge accumulator 42 and then by the on-board reservoir

accumulator 36. As the water is pressurised, it is forced into the narrow gap

between the stepped wall of the chamber 78 and the solid central portion 88 of the

intermediate member 74. This provides an extremely efficient ratio of surface area

to volume which allows a relatively large quantity of water to be evaporated into

steam from a relatively small boiler volume. The shape of the evaporation space

which is defined between the conical wall of the chamber 78 and the corresponding

conical member 88 means that the cross sectional area of the evaporation space

increases in a direction away from the inlet 82 as the water travels up the cone.

This increasing volume allows for expansion of the steam created during the

evaporation process and so limits the tendency for a build up in pressure to reduce

the inflow rate of water. The very narrow evaporation space, the stepped form of

the chamber wall and the zeolite coating which is applied to the chamber wall and

the intermediate member 74 together act to mitigate the Leidenfrost effect such that

this effect does not have a significant impact on the rate of evaporation.



The steam which is produced escapes from the evaporation space between the

lower part of the chamber 78 and the intermediate member 74 through the series of

apertures 90 formed in the latter. The pressure of this steam forces it out of the

outlet pipe 84 in the top of the chamber 78. Since the outlet pipe 84 projects

slightly into the chamber 78 this helps to trap any small remaining droplets of water

entrained in the steam so that these fall onto the central portion 88 of the

intermediate member 74 and are evaporated. The steam exiting the steam

chamber 78 is superheated. The steam passes through the internal conduit 86 to

the steam outlet 54 and from there into the steam pipe 56 to be vented through

suitable apertures in the sole plate (not shown). Clearly, the user can regulate the

rate at which steam is generated by operating the knob 10 to alter the degree of

opening of the variable valve 46 and thereby alter the flow rate of water into the

boiler 52.

As mentioned above, the surge accumulator 42 provides an initial surge of water to

fill the evaporation space within the boiler 52 as quickly as possible to enable steam

to be produced very quickly (in a matter of less than a few seconds) after the user

opens the valve 46 by means of the knob 10. Thereafter, water is supplied by the

on-board reservoir accumulator 36. This will continue to supply water under

pressure until the on-board reservoir is no longer elastically charged. In one

example, the capacity of this on-board reservoir 36 is designed to give steam at

maximum rate (i.e. with the valve 46 fully open) for approximately 30 seconds. Of

course, the thermal energy which can be stored in the boiler is also a relevant factor

as this must be sufficient to evaporate all of the water stored in the accumulators

36, 42. Since the spring force of the piston 43 in the surge accumulator 42 is higher

than the spring force of the corresponding piston 37 in the on-board reservoir

accumulator 36, once the surge accumulator 42 has been emptied, it will not be

refilled by the on-board reservoir accumulator 36.

Once the user has used up all the steam or the sole plate temperature has dropped

too far, the iron may simply be replaced on the base unit 9 1 in order to replenish the

accumulators 36, 42 and reheat the sole plate element and the boiler element 60 to

permit the next cycle of use.



Cordless use is clearly convenient, particularly where a relatively light ironing task is

being completed or where there is a relatively lower requirement for steam.

However, in some circumstances it is more convenient for a user to be able to

continue ironing, and in particular using steam, without having continually to replace

the iron on the stand. In order to meet this objective, the adaptor 12 may simply be

released from the upstand 108 of the base unit using the locking pin release knob

94 and instead clipped to the back of the iron as is shown in Figs. 3, 4 and 11. In

this mode, the on-board reservoir accumulator 36 is not required and it simply

remains partly or fully charged. A microswitch in the adaptor (not shown) causes

the pump in the base unit to run continuously so that the system can be maintained

at the necessary pressure. The surge accumulator 42 still performs an important

role in providing an additional flow of water when the valve 46 is opened to

minimise the delay in production of steam. Since there is a continuous electrical

and water connection, steam can be produced continuously should the user so

wish. Similarly the sole plate temperature can be maintained within the range set

by the temperature regulator knob 8.

Thus it will be seen by those skilled in the art that the embodiment of various

aspects of the invention described above provides an extremely effective and

versatile steam iron which offers the performance of a high steam pressure but

which can be produced at a significantly lower cost than traditional pressurised

steam generator ironing systems. Moreover, the flexibility to change between

corded and cordless mode depending upon the task at hand is particularly

advantageous.

A further embodiment of the invention will now be described with reference to Figs.

15 to 20. Fig. 15 shows a portable, hand-held steam cleaner. This comprises an

outer casing 130 which defines a handle 132 and has a tapering section 134 which

terminates in a nozzle 136. At the top of the cleaner is a large user actuation lever

138, a water tank filler plug 140 and a steam pressure adjustment screw 142. On

the side of the housing 130 is a water level indicator 143.

Figs. 16 and 17 show views from the side and rear of the apparatus respectively

with the outer housing 130 removed. From these figures, it may be seen that a

large proportion of the internal volume of the apparatus is taken up by a water tank



144 which is filled by removing the filling cap 140. A generally vertical transparent

pipe 145 allows the level of water in the tank to be viewed through the level gauge

143 in the housing.

The rear of the water tank 144 defines a recess which accommodates a pump 146

that is connected to the outlet of the water tank by a pipe 148. The other side of the

pump 146 is connected, by means of a pipe 150 to the inlet of a pressure

accumulator 152. This is shown in more detail in Fig. 18.

Referring to Fig. 18, the front face of the pressure accumulator 152 comprises two

nozzles 154, 156 for entry and exit of water respectively which are ridged to receive

the ends of respective pipes 150, 162. Although not shown, one-way valves may

be provided to permit the flow of water only in the specified direction. The body of

the accumulator 152 defines an internal space together with a generally planar

piston member and diaphragm assembly 158 which is urged towards the front of

the accumulator by a coil spring 160. Fig. 18 shows the piston member 158 in its

foremost position. As in previous embodiments, this arrangement is such as to

allow the storage of water inside the accumulator 152 under pressure generated by

the spring 160.

Returning to Figs. 16 and 17, the outlet of the accumulator 152 is connected by

means of a pipe 162 to a pressure regulator 164 which is controlled by the pressure

regulating screw 142 shown in Fig. 15. The other side of the pressure regulator

164 is connected by means of a further pipe 166 to a user-operated valve 168

connected to the actuation lever 138. The other side of the user operator valve 168

is connected by means of a pipe 170 to the inlet 172 of the boiler arrangement 174.

The boiler arrangement is shown in greater detail with reference to Figs. 19 and 20.

The boiler 174 comprises a cast aluminium main body 176 which has a conical

interior chamber 178 with a finely ridged surface encircled by an embedded

sheathed heating element 180 as in previous embodiments. The interior surface of

the chamber is treated or coated to render it hydrophilic thereby reducing or

avoiding the Leidenfrost effect. An intermediate conical member 182 is received in

the main chamber 178 thereby forming a narrow evaporation space between them.

However, it has been found that such an intermediate member can be omitted



whilst still achieving satisfactory performance. A cover member 184 is provided,

secured to the lower main body member 176 in order to close the chamber 178 in a

pressure-tight manner. A centrally disposed outlet connecting to an outlet pipe 186

is provided to allow steam to exit the chamber.

As Fig. 19 shows, the boiler 174 is provided with a temperature regulator 188 in

good thermal contact with the outer surface of the main body member 176. The

regulator 188 acts to maintain the temperature of the boiler within a desired range

of. A further temperature regulator (not shown) is also provided and forms part of a

thermally sensitive control for the electrical supply to the pump 26. This further

temperature regulator has normally-open contacts which are not closed until its

preset temperature is reached. These contacts are connected electrically in series

with the pump 146.

Also provided in a suitably arranged recess in the aluminium body 176, is a thermal

fuse 190 which can operate to permanently disconnect electrical power to the

heating element 180 in the event of serious overheating - e.g. if the temperature

regulator 188 should fail.

It may be seen from Fig. 16, the steam outlet 186 is connected to the nozzle of the

appliance 136 by a suitably heat resistant pipe 192.

Operation of this embodiment will now be described. Before switching the

appliance on, the user removes the filler plug 140 and fills the water tank 144 with

water until it reaches the "max" level indicated by the gauge 143. The filler cap 140

is then replaced and the appliance may be switched on. As will become apparent,

however, an advantage of the design of this appliance (which advantage may be

shared with many other embodiments of the invention) is that since the water tank

144 is not pressurised and contains only cold water, a pressure cap is not required

and furthermore there is no risk of scalding if the cap is removed immediately after

operation or even inadvertently left off.

When the appliance is switched on, the heating element 180 is energised to heat

the boiler 174. When the boiler reaches a predetermined minimum operating

temperature, for example 120-160 0C, the normally-open contacts of one of the



regulators are closed, thereby switching on the pump 146. This delay can help to

ensure that not too much water enters the boiler until it is at its operating

temperature which helps to ensure that there are no unevaporated water droplets in

the discharged steam.

The other regulator 188 operates to maintain the temperature of the boiler within a

predetermined range by switching the element 180 off when a maximum operating

temperature is reached - typically greater than 1800C - and back on when the

boiler has cooled to a lower threshold temperature. The heating element 180 can

continue to cycle in this manner indefinitely. The temperature range maintained is

higher than the reset temperature of the normally-open regulator described above

so that the pump runs continuously after the delay when the appliance is initially

switched on.

Once the pump 146 is switched on, it pumps water from the water tank 144 to the

accumulator 152 by means of the respective pipes 148 and 150. Since at this point

the user-operated valve 168 is closed, the water pressure provided by the pump

146 works to drive down the accumulator piston 158 against the force of the spring

160, thereby storing water under pressure inside the accumulator 152. When the

accumulator 152 is full, the pump 146 continues to run. Water may be diverted by a

diverter valve (not shown) back into the tank 144. In other embodiments the pump

could be arranged to shut off automatically.

When a user requires a shot of steam, he or she simply depresses the user

actuation lever 138 which opens the corresponding valve 168. This immediately

allows water to enter the boiler 174 by means of the tube 170 and inlet 172. While

the accumulator 152 empties, the pressure provided by the spring 160 provides an

initial surge of water into the boiler, over and above the rate at which water is

supplied by the pump. This has the result of giving a very rapid shot of steam

through the outlet nozzle 136. If the user continues to keep the actuation lever 138

depressed, the continuously operating pump 146 will continue to deliver water into

the boiler 174, thereby producing steam for as long as required by the user (or until

the water tank 144 is emptied). The pressure provided by the pump 146 is matched

to the maximum rate at which the boiler 174 can produce steam, although the

pressure regulator 164 may be adjusted by means of the adjustment screw 142 in



order to reduce the rate at which steam is ejected through the nozzle by reducing

the pressure of the water entering the boiler 174.

Once the user lets go of the actuation lever 138, the valve 168 is closed and the

pump 146 will then once again cause the accumulator 152 to be filled so that the

appliance is ready once more for delivering steam. Such operation can be

continued until the tank 144 is emptied or the appliance is switched off.

Whilst the invention has been described in terms of a two specific embodiments,

many aspects and features of the invention might be applied to many different types

of appliances, especially other appliances which generate steam such as wallpaper

strippers and other hand-held steam generating appliances. Features mentioned in

connection with the embodiments described in detail above or indeed with any

other embodiments mentioned herein may be applied equally to any other

embodiment and the applicant specifically envisages such combinations of

features. Any feature of the invention should therefore be considered as

independently applicable and not limited in its application to this specific

embodiment in which it is mentioned, except where otherwise indicated.



Claims:

1. A steam generator comprising a water inlet, a boiler, a valve for controlling

the entry of water into the boiler and means for delivering a surge of water to the

boiler when the valve is opened.

2 . A steam generator as claimed in claim 1 wherein said boiler is arranged

such that it is allowed to reach a higher operating temperature when there is no

water flow.

3 . A steam generator as claimed in claim 1 or 2 arranged such that the surge

of water comprises a temporarily enhanced flow rate after the valve is opened.

4. A steam generator as claimed in claim 1, 2 or 3 comprising an elastically-

charged store upstream of the valve for storing water.

5. A steam generator as claimed in claim 4 wherein the elastically-charged

store comprises a reservoir acted upon by a resiliently mounted piston.

6. A steam generator as claimed in claim 4 wherein the elastically-charged

store comprises one or more expandable walls.

7. A steam generator as claimed in claim 4 or 6 wherein the elastically-charged

store comprises a bladder.

8. A hand-held steam generating appliance comprising a steam generator as

claimed in any preceding claim.

9 . An appliance as claimed in claim 8 wherein the appliance is cordless and

comprises an on-board reservoir for supplying water to the boiler during cordless

use.

10. An appliance as claimed in claim 9 wherein the capacity of the reservoir is

sufficient to provide the water to generate steam for more than 10, 15, 20 or 30

seconds.



-

i l . An appliance as claimed in claim 9 or 10 wherein the reservoir is

pressurised.

12. An appliance as claimed in any of claims 9 to 11 wherein the reservoir has

one or more expandable walls.

13. An appliance as claimed in any of claims 9 to 12 wherein the reservoir

comprises a bladder.

14. An appliance as claimed in any of claims 9 to 13 wherein the boiler is

provided in the mobile/cordless unit.

15. An appliance as claimed in any of claims 9 to 14 further comprising a base

station and being arranged such that the on-board reservoir can be refilled from the

base station.

16. An appliance as claimed in claim 10 wherein said base station comprises a

base reservoir and a pump arranged to pump water from the base reservoir to the

on-board reservoir.

17. An appliance as claimed in claim 8 comprising a fixed cord electrical

connection, a reservoir for supplying water to the boiler, and a pump for pumping

water from the reservoir.

18. An appliance as claimed in claim 16 or 17 wherein said pump is arranged to

operate continuously when the appliance is switched on.

19. An appliance as claimed in claim 16, 17 or 18 comprising means to delay

operation of the pump until the boiler has reached a predetermined operating

temperature.

20. A steam generator or appliance as claimed in any preceding claim wherein

the boiler comprises a water inlet, an electric heater, a steam outlet and an

evaporation space bounded by at least one surface in thermal contact with the



heater, wherein the evaporation space is configured to present an expanding cross-

sectional area in a direction away from the water inlet.

2 1. A boiler for a steam generator appliance comprising a water inlet, an electric

heater and an evaporation space bounded by at least one surface in good thermal

contact with the heater, wherein said evaporation space is arranged such that it

expands in cross-section in a direction away from water inlet.

22. A steam generator, appliance or boiler as claimed in claim 20 or 2 1 wherein

the evaporation space has a height which is narrow enough to prevent drops from

forming.

23. A steam generator, appliance or boiler as claimed in claim 20, 2 1 or 22

wherein the evaporation space has a constant height.

24. A steam generator, appliance or boiler as claimed in any of claims 20 to 23

wherein the heated surface bounding the evaporation space is non-planar.

25. A steam generator, appliance or boiler as claimed in any of claims 20 to 24

wherein a lattice or mesh structure is provided in the evaporation space.

26. A steam generator, appliance or boiler as claimed in any of claims 20 to 25

wherein the evaporation surface is provided with a texture, structure or coating to

increase its surface area.

27. A steam generator, appliance or boiler as claimed in any of claims 20 to 26

wherein the evaporation surface is hydrophilic at its normal operating temperature.

28. A steam generator, appliance or boiler as claimed in claim 27 wherein said

normal operating temperature is greater than 160 C.

29. A steam generator, appliance or boiler as claimed in any of claims 20 to 28

wherein the evaporation surface is coated with a coating comprising zeolite

particulates.



30. A steam generator, appliance or boiler as claimed in any of claims 20 to 29

wherein at least part of the evaporation space is configured so as to present an

interrupted flow path.

3 1 . A steam generator, appliance or boiler as claimed in any preceding claim

wherein the boiler comprises means for collecting steam.

32. A steam generator, appliance or boiler as claimed in claim 3 1 wherein the

means for collecting steam comprises means for trapping unevaporated droplets of

water.

33. A steam generator, appliance or boiler as claimed in any preceding claim

wherein the boiler is divided into an evaporation space and a steam collection

space by an intermediate member,

34. A steam generator, appliance or boiler as claimed in claim 33 wherein said

intermediate member is heated.

35. An appliance comprising a boiler as claimed in any of claims 20 to 34 and

means for supplying pressurised water to the water inlet of the boiler.

36. An appliance as claimed in any of claims 9 to 16 or 18 to 35 comprising a

base unit and a mobile appliance wherein the base unit and/or the mobile appliance

are configured to prevent unwanted disconnection therebetween.

37. An appliance as claimed in claim 36 wherein the base unit and mobile

appliance comprise means for preventing separation in a direction substantially

parallel to the axis of the connection, but which permit removal of the appliance in a

direction non-parallel to said axis.

38. An appliance as claimed in any of claims 9 to 16 or 18 to 37 comprising a

base unit and a cordless appliance, having mutual cordless connector

arrangements for both electrical power and water, wherein said power and water

connections are provided with a mutual alignment of mating parts.



39. An appliance as claimed in claim 38 wherein said power and water

connections are arranged such that after physical contact has been made between

one pair of connectors and they are subsequently brought towards their full

alignment axis, physical contact is made between the other pair of connectors.

40. An appliance as claimed in claim 38 or 39 wherein said power and water

connectors are arranged one higher than the other when the mobile appliance is on

the base unit.

4 1. An appliance as claimed in any of claims 9 to 16 or 18 to 40 comprising a

base unit and a cordless appliance, having mutual cordless connector

arrangements for both electrical power and water, wherein said base unit is

provided with means for reducing the pressure of a pressurised water supply while

a user is connecting the cordless appliance to the base unit.

42. An appliance as claimed in claim 4 1 wherein the base unit is arranged to

detect when the cordless appliance is brought into engagement with it.

43. An appliance as claimed in any of claims 9 to 16 or 18 to 42 comprising a

mobile appliance and a base unit and an adaptor for supplying electrical power to

the mobile appliance, said adaptor being operable in a first, corded mode in which it

is secured to the appliance to permit electrical power to be supplied while the

appliance is being used; or in a second, cordless mode in which electrical

connection between the adaptor and the appliance can be made by placing the

appliance on or against the adaptor; and broken by lifting the appliance away from

the adaptor.

44. An appliance as claimed in claim 45 wherein said adaptor is designed to be

secured to the base unit or a further base unit.

45. An adaptor for supplying electrical power to a mobile electrical appliance,

said adaptor being operable in a first, corded mode in which it is secured to the

appliance to permit electrical power and water to be supplied while the appliance is

being used; or in a second, cordless mode in which it is secured to a base unit such

that electrical and water connection between the adaptor and the appliance can be



made by placing the appliance on or against the base unit; and broken by lifting the

appliance away from the base unit.

46. An appliance or adaptor as claimed in claim 45 wherein the means for

supplying water from the adaptor to the appliance comprises valve means on either

side of the connection.

47. An appliance or adaptor as claimed in of claims 43 to 46 wherein the

adaptor is connected to the base unit.
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