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A steam generator and a method for generating steam, the generator comprising a steam chamber fed with water from a water
from a water reservoir for heating by a heating source to generate steam, steam being delivered out through a steam outlet, and
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(57) Abrege(suite)/Abstract(continued):

waste water being evacuated through a drain, the steam generator comprising a control chamber, In fluid communication with tr
steam chamber so as that a water level In the control chamber Is Indicative of a water level In said steam chamber; at least or
water level-sensor configured for detecting the water level in the control chamber; and a control unit receiving a signal from th
water level-sensor. There Is further provided a method of generating steam In a steam chamber receiving Water Is fed from th
water reservoir simultaneously to the steam chamber and to the control chamber, through a single feeding valve, the feed water
being mixed with hot waste water drained from the steam chamber, upstream of a drain pump.
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Abstract

A steam generator and a method for generating steam, the generator comprising a steam chamber fed
with water from a water from a water reservoir for heating by a heating source to generate steam, steam
being delivered out through a steam outlet, and waste water being evacuated through a drain, the steam
generator comprising a control chamber, in fluid communication with the steam chamber so as that a
water level in the control chamber is indicative of a water level in said steam chamber; at least one water
level-sensor configured for detecting the water level in the control chamber; and a control unit receiving
a signal from the water level-sensor. There is further provided a method of generating steam in a steam
chamber receiving Water is fed from the water reservoir simultaneously to the steam chamber and to the

control chamber, through a single feeding valve, the feed water being mixed with hot waste water drained

from the steam chamber, upstream of a drain pump.
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TITLE OF THE INVENTION
Steam generator
FIELD OF THE INVENTION

[0001] The present invention relates to steam generation. More specifically, the present invention is

concerned with a system and a method for generating steam.

BACKGROUND OF THE INVENTION

[0002] In cities, generators for humidification are usually fed with city tap water or soft water. Water
boiling typically generates scale deposits, which are removed manually during scheduled service
con5|st|ng in opening the steam chamber of the steam generators and manually removing any
accumulated scale. As such manual maintenance can be time consuming and delicate, it tends to be

neglected, resulting in premature failure of the steam generators.

[0003] Typically, the control water level in steam generators uses Sensors that are in direct contact with
the water. such as a conductive or capacitive sensors or probes sensor and floats. In the case of city
water, the sensors are thus in contact with minerals contained in water. If not reqularly checked and
cleaned regularly and / or replaced the sensors may fail arter a period of normal operation, leading to

malfunction or even failure of the steam generators.

[0004] There is thus a need in the art for a system and a method for generating steam.

SUMMARY OF THE DISCLOSURE

[0005] More specifically, in accordance with the present disclosure, there is provided a steam generator
comprising a steam chamber fed with water from a water from a water reservoir for heating by a heating
source to generate steam, steam being delivered out through a steam outlet, and waste water being
evacuated through a drain, the steam generator comprising 2 control chamber, in fluid communication
with the steam chamber so as that a water level in the control chamber is indicative of a water level in the

steam chamber: at least one water level-sensor configured for detecting the water level in the control

chamber: and a control unit receiving a signal from the water level-sensor.

[0006] There is further provided a method of generating steam in a steam chamber receiving water from

a water reservoir for heating by a heating source, comprising feeding water from a water reservoir
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simultaneously to a steam chamber and to a control chamber, through a single feeding valve, the feed

water being mixed with hot waste water drained from the steam chamber, upstream of a drain pump.

[0007] Other objects, advantages and features of the present disclosure will become more apparent
upon reading of the following non-restrictive description of specific embodiments thereof, given by way of

example only with reference to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In the appended drawings:

[0009] FIG. 1is a schematical view of a system according to an embodiment of an aspect of the present

disclosure:

[0010] FIG. 2 is a perspective view of a steam chamber according to an embodiment of an aspect of

the present disclosure,

[0011] FIG. 3 of a detail of a guide-and-lock system of a steam chamber according to an embodiment

of an aspect of the present disclosure;

[0012] FIG. 4A shows a guide of a guide-and-lock system of a steam chamber according to an

embodiment of an aspect of the present disclosure;

[0013] FIG. 4B shows a guide of a guide-and-lock system of a steam chamber according to an

embodiment of an aspect of the present disclosure;

[0014] FIG. 4C shows a guide of a guide-and-lock system of a steam chamber according to an

embodiment of an aspect of the present disclosure,

[0015] FIG. 4D shows a guide of a guide-and-lock system of a steam chamber according to an

embodiment of an aspect of the present disclosure;

[0016] FIG. 5A, FIG. 5B, FIG. 5C, FIG. 5D, FIG. 5E, FIG. 5F, FIG. 5G, FIG. 5H show steps for closing

the steam chamber according to an embodiment of an aspect of the present disclosure

[0017] FIG. 6, FIG. 7A, FIG. 7B and FIG. 8A, FIG. 8B show details of the steam chamber in a closed

nosition thereof,
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[0018] FIG. 9 shows a clamp ring according to an embodiment of an aspect of the present disclosure in

a closed position thereof;
[0019] FIG. 10 shows the clamp ring of FIG. 9 in an open position thereof; and

[0020] FIG. 11 is a perspective view of a clamp ring according to an embodiment of an aspect of the

present disclosure.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0021] The present invention is illustrated in further details by the following non-limiting examples.

[0022] A steam generator 10 as schematically illustrated in FIG. 1 comprises a water reservoir 14, a
steam chamber 12, a heating source 11, a steam outlet 32 and a drain 34. Water is directed from the
water reservoir 14 to the steam chamber 12 where it is heated by the heating source 11 to generate

steam. which is delivered out through the steam outlet 32, and waste water is evacuated through the

drain 34, as will be further described hereinbelow.

[0023] The heating source 11 may comprise electric heating sources, electrodes, a heat exchanger

using steam or a burner using combustible for example.

[0024] The steam generator 10 further comprises a control chamber 18. The steam chamber 12 and
‘the control chamber 18 are in fluid communication, through lower and upper ducts 114 and 41 as shown
in FIG. 1 to balance pressure in the steam chamber 12 and in the control chamber 18, so that the water
level within the control chamber 18 is representative of the water level within the steam chamber 12. In
the embodiment illustrated in F1G. 1, the control chamber 18 is a tube 18, shown generally deported and
parallel to the steam chamber 12, and vertical, although it may be inclined relative to the vertical position,

up to about 45 degrees for example. Such a tubular control chamber 18 is found to be effective and space

efficient.

[0025] A proportional water level sensor is used to continuously detect the water level within the control
chamber 18. It may be a non-contact level sensor, such as ultrasonic sensor or a Hall Effect sensors 16a,
16b for example. In the case of an ultrasonic sensor, a water temperature sensor 17a, 17b is used for
calibration thereof. Moreover, the position of the sensor is selected to avoid surfaces of deposit of particles

within the chamber, which may affect the response of the ultrasonic sensor.
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[0026] Water level measurement may thus be done using an ultrasonic sensor 16b located at the bottom

of the control tube 18 and an ultrasonic sensor 16a located on top of the control tube 18 as illustrated for

example in FIG. 1.

[0027] In case of a single ultrasonic sensor, the ultrasonic sensor may be located either at the top or at
the bottom of the tube 18, although positioning the ultrasonic sensor at the bottom of the control chamber,
as opposed to positioning it at the top of the control chamber, avoids sensing through a layer of gas over

the top liquid level, as well as avoiding the heat of the steam.

[0028] Sensors installation directly on the walls of the steam chamber 12 may be contemplated, instead
of on the walls of a separate control chamber 18 as described hereinabove, providing the sensors are
configured for operation within the corresponding environment, including for example temperatures and

condensation.

[0029] Hall Effect sensors may also be. used.

[0030] As an example of direct contact level sensor, a proportional float sensor using hall effect or

resistive for example may be used.

[0031] As liquid level detecting may be affected by the presence of foam, foam sensors, such as
capacitive and/or conductive sensors 22, 23, are positioned on top of the steam chamber 12. Conductive
‘ods 25 of the conductive sensor 23 extending from the top cover of the steam chamber 12 within the
steam chamber 12: under application of current, since foam is conductive, foam reaching the rods 25
results in a current conduction between the rods 25. In case of a capacitive sensor 22, foam reaching the
rod 27 extending from the top cover of the steam chamber 12 within the steam chamber 12 triggers
current conduction between the single rod 27 and the ground. Two conductive sensors may be used, the

foam being detected when an electrical contact is established between a first, positive, sensor and a

second, grounded, sensor.

[0032] A control unit 20 collects signals from the water level and foam sensors. When using ultrasonic

sensors. the control unit 20 also collects signals from the water temperature sensor for calibration of the

ultrasonic sensors as mentioned hereinabove for example.

[0033] The steam chamber 12 and the control chamber 18 are connected to a water feed-and-drain

hydraulic circuit 24.
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[0034] The water feed-and-drain hydraulic circuit 24 comprises a fill valve 26 for fluid communication
with the water reservoir 14, a drain pump 28 to the drain 34, and an open-air gap 30 connected o the

water supply duct and to the drain duct.

[0035] The drain pump may be replaced by an electric drain valve, i.e. an electric actuator using

an electric motor to provide torque to operate a gate or ball valve installed on the drain duct.

[0036] Water is directed from the water reservoir 14 through the fill valve 20 to thé steam chamber 12
through ducts 100, 110, 112, where it is heated by the heating source 11 to generate steam, which is
delivered through the steam outlet 32. Waste water is evacuated through ducts 112, 110 via the drain

pump 28 and through drain duct 120, connected to an open-air gap 30, to the drain 34.

10037] The diameter and flow rates of feed/drain ducts 100, 110 and ducts 114 and 112 to the control
chamber 18 and to the steam chamber 12 respectively, are selected so that the control chamber 18 fills
at substantially at the same rate than the steam chamber 12, and at most at the same rate than the steam

chamber 12 so that the steam chamber 12 fills first or they fill simultaneously.

[0038] The hydraulic circuit 24 selectively provides feed water and waste water draining when needed,
2s will be described hereinbelow. Instead of non-return check valves as vacuum breakers allowing air to
come into the system, in one direction, in case of back flow from the main water supply duct, and blocking
water from escaping on the other direction, which are commonly used in boiler water hydraulic circuits,
the open-air gap 30 connected to the water supply duct 100 prevents backflow. The open-air gap 30 is

redirected to the drain 34, for connection to the water loop to prevent siphon effect.

[0039] A single water inlet fill valve 26, such as a solenoid fill valve for example, controls water feeding
from the water reservoir 14 to the steam chamber 12 through ducts 100, 110, 112 and to the control
chamber 18 through ducts 100, 110, 114. Water is fed from the reservoir 14, from the bottom of the steam
chamber 12, through the valve 26, and mixed with hot waste water drained from the steam chamber 12

at the bottom of the generator 10, upstream of the drain pump 28 (see position (M) in FIG. 1).

[0040] Thus, the valve 26 also controls wasted water cooling off during draining, as hot waste water
drained from the steam chamber 12 at the bottom of the generator 10 is thus cooled down, to @ maximum
temperature of about 60°C from a typical temperature when exiting the steam chamber 12 of about of

90°C for example, upstream of the drain pump, before it is evacuated through drain duct 120 and drain 34.

[0041] Thus, according to an embodiment of an aspect of the present disclosure, upon filing the steam
chamber 12, with the control chamber 18 filling at the same rate, the proportional water level sensor
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detects the water level within the control chamber 18 and sends corresponding signals to the control unit
20. The control unit 20 controls closing of the water fill valve 26 when a predetermined water level Is

detected within the steam chamber 12 as measured within the control chamber 18.

[0042] During normal operation, as heating of the water within the steam chamber 12 by the heating
source 11 causes evaporation of the water, the water level slowly decreases within the steam chamber
12. The proportional water level sensor sends signals to the control unit 20 that are proportional to the
water level within the control chamber 18 corresponding to the water level within the steam chamber 12,
thereby activating the control unit 20 into opening the valve 26 to compensate for the water evaporated

from the chamber 12 and thus maintain the water level inside the steam chamber 12 within a

predetermined operational range.

[0043] When city water is used for example, minerals naturally contained in the water concentrate as
the water inside the steam chamber 12 evaporates, thereby generating foam. Foam activates the foam
sensors located on top of the steam chamber 12 as described hereinabove, and they send a signal to the
control unit 20. The control unit 20 then orders a de-concentration cycle, which consists of a partial drain

of the water contained in the steam chamber 12 and water filling with new feed water for example.

[0044] Using data collected by the bottom sensor 16b, the wave propagation speed may be determined
hased on a known diameter of the control chamber 18 and a known water temperature as measured by
a temperature sensor 17a or 17b. This determined wave propagation speed may be compared with data
collected by an ultrasonic sensor 16¢ positioned on a side wall of the control chamber 18 as shown In
E1G. 1 to determine the concentration of minerals in the water. Thus, water temperature data and total
dissolved solid measurement (TDS) data may be collected and processed to predict apparition of foam
and thereby adapt the de-concentration cycle by triggering draining small amount of water and re-filling
with the same small amount of fresh water from the water reservoir, at a predetermined threshold of

dissolved solid content data, based upon water quality, before apparition of foam, thereby avoiding

complete de-concentration cycle, i.e. steam production interruption as well as associated water and

energy consumption.

[0045] The control unit 20 records the number of hours of operation of the steam generator and the
evaporation rate before the occurrence of foam and the de-concentration cycle. The control unit 20 thus
monitors planification of calls for service for cleaning the steam chamber 12 based on the evaporation

rate and the number of de-concentration cycles.
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[0046] When service for cleaning is due, disconnection of the system and opening of the water reservorr
14 must be done. According to an embodiment of another aspect of the present disclosure, the steam
chamber 12 comprises a bottom part and an top part, the lower part of the steam chamber 12 being
rotatable relative to the upper part thereof, using a guide-and-lock, thereby disengaging the steam
chamber 12 from the heat source 11, the hydraulic circuit 24 and a housing or enclosure (A) without the

need of tools, as will be described hereinbelow.

[0047] Turning to FIG. 2, a steam chamber 12 is shown comprising a top part 100 and a bottom part
200. Typically, the top part 100 is fixed to a housing (A) while the bottom part 200 is removable, and a

gasket 300 is used for a tight seal therebetween.

[0048] The bottom part 200 of the steam chamber 12 may be removably connected to the top part 100
of the steam chamber 12 by a guide-and-lock system 16 best seen in FIGs. 2-4, optionally using a ring
clamp (FIGs. 8-11).

[0049] As shown in FIG. 2, the guide-and-lock system 16 comprises a frame 41 and a guide 42 (FIGs.

3-4), connected to the top 100 of the steam chamber 12, and a handle 44 connected to the bottom part

200 of the steam chamber 12.

[0050] In FIGs. 3-4, the guide 42 is Shown as a plate comprising a wide opening entrance 50 leading to
3 slanted slot 51 ending up to a locking end 53. The wide opening entrance 50 allows the gUide 42 to
easily catch hold of the handle 44 (see FIG. 2), which is then guided along the slanted slot 51 up a slope
52 to tighten while turning the bottom part 200 of the steam chamber 12, the locking end 53 then locking
the handle 44 into a final position. The slope 52 covers a portion of a rotation arc and plays the role of a
cam while turning the bottom part 200 of the steam chamber 12, i.e. guiding the handle 44 through the
arc direction. As illustrated in embodiments shown in FIGs. 3-4, the size, slope angle arc length and width

of the slope 52 may vary, as well as the position, depth and width of the slot 51.

[0051] As schematically illustrated in FIGs. 9, to close the steam chamber 12, first the handle 44 needs
be aligned with the opening entrance 50 of the guide 42 (FIGs. 5A), thereby allowing the handie 44 to
slide along the slope 52 toward the locking end 53 (FIG. 5B). As the handle 44 is guide along the slope
52. it drives the bottom part 200 up towards the top part 100 (FIGs. 5C-D), thereby reducing the space
between the bottom and top parts 100, 200 and tightening the gasket 300 therebetween (FIGs. 5G-H,
FIGs. 6-8), in a locked position of the handle 44 (FIGs. SE-5F).

[0052] The frame 41 secures the steam chamber assembly to the steam generator enclosure or housing

(A).
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[0053] Further locking the bottom and top parts 100, 200 of the steam chamber 12 together and ensuring
sealing therebetween with the gasket 300 may use an optional ring clamp 70 shown for example in FIGs.

8-11 may be used.

[0054] There is thus provided a combination of liquid level sensors connected to a control unit and a
hydraulic circuit configured in such a way that the water level and the water conditions are efficiently and

safely monitored in a steam generator used as steam humidifier or other applications.

[0055] As people in the art will appreciate, the steam chamber s easily removed for opening and

cleaning operation without requiring tools.

[0056] Moreover, the present system allows controlling the water level to prevent damage of immersed
electric heating sources, or electrodes or heat exchanger, by using a continuous water level reading
sensor, thereby reducing failure rate, while reducing numbers of components and providing an integrated

hydraulic circuit, without direct contact between water and mechanical components.

[0057] The present steam generator may be used as a steam humidifier or for other applications using

steam at atmospheric pressure.

[0058] The present steam generator allows the control and management of water level and water

condition of steam generator whatever the purity of the water.

[0059] The present method and system, using an ultrasonic sensor, allow water level control with no
direct contact to water and in absence of moving parts, yielding reliability and with no need of service
during the life time of the steam generator. A very safe and reliable way to properly control water level for

steam generator is thus provided.

[0060] The scope of the claims should not be limited by the embodiments set forth in the examples, but

should be given the broadest interpretation consistent with the description as a whole.
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Claims

1. A steam generator, comprising a steam chamber fed with water from a water
from a water reservoir for heating by a heating source to generate steam, steam being delivered out
through a steam outlet, and waste water being evacuated through a drain, the steam chamber comprising:

a control chamber, in fluid communication with said steam chamber so as that a water

level in said control chamber is indicative of a water level in said steam chamber;
at least one water level-sensor configured for detecting the water level in said control

chamber; and
a control unit receiving a signal from said water level-sensor.

2. The steam generator of claim 1, wherein said control chamber Is 2 tubular

chamber, separate and generally deported from the steam chamber.

3. The steam generator of any one of claim 1 and 2, wherein said water level-

sensor comprises a proportional water level sensor.

4 The steam generator of any one of claim 1 and 2, wherein said water level-
sensor comprises a proportional water level sensor, said proportional water level sensor being an

ultrasonic sensor.

d. The steam generator of any one of claim 1 to 4, further comprising a foam

SENSOI.

6. The steam generator of any one of claim 1 to 4, further comprising a foam
sensor positioned on a top surface of said steam chamber, wherein said foam sensor is one of: i) a
conductive and i) a capacitive sensor, said foam sensor sending a signal to said control unit upon

formation of foam.

/. The steam generator of any one of claim 1 to 6, comprising a water feed-and-

drain hydraulic circuit, in fluid communication with the water reservoir through a fill valve and to the drain

through a drain pump or drain valve.

8. The steam generator of any one of claim 1 to 6, comprising a water feed-and-

drain hydraulic circuit in fluid communication with the water reservoir through a fill valve, and to the drain,
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wherein said fill valve controls water feeding from the water reservoir to the steam chamber, said fill valve

further controlling the waste water cooling off during draining.

9. The steam generator of any one of claim 1 to 6, comprising a water feed-and-
drain hydraulic circuit, said water feed-and-drain hydraulic circuit comprising a fill vaive for fluid

communication with the water reservoir and a drain pump to the drain.

10. The steam generator of any one of claim 1 to 6, comprising a water feed-and-
drain hydraulic circuit, said water feed-and-drain hydraulic circuit comprising a fill valve for fluid
communication with the water reservoir, a drain pump to the drain, and an open-air gap connected to a

water supply duct and to a drain duct.

11. The steam generator of any one of claim 1 to 10, comprising a first water level
sensor and a second water level sensor positioned at different positions relative to the control chamber,
and further comprising a water temperature sensor, data collected from the first water level sensor and
from the water temperature sensor yielding a first wave propagation speed, data collected from the
second water level sensor and from the water temperature sensor yielding a second wave propagation

speed, said control unit comparing sad first and second wave propagation speeds to determine a mineral

content of the water.

12. The steam generator of any one of claim 1 to 11, wherein said steam chamber

comprises an upper part and a removable bottom part, @ guide-and-lock rotatably connecting said bottom

part to said upper part.

13. The steam generator of any one of claim 1 to 11, comprising an hydraulic circuit
i fluid communication with the water reservoir and to the drain, wherein said steam chamber comprises
a bottom part and a top part, a guide connected to said upper part, and a handle connected to said bottom
part, said guide engaging said handle for connecting said bottom part to said upper par and releasing

said handle for disconnecting said bottom part from said upper part.

14, The steam generator of any one of claim 1to 11, wherein said steam chamber
comprises a bottom part and a top part, a guide connected to said upper part, and a handle connected to
said bottom part, said guide comprising an opening to a slanted slot ending in a locking end, and wherein:
) to connect said bottom part to said top part, said handle is aligned with said opening of the guide and

made to slide along the slanted slot toward the locking end, thereby tightening said bottom part to said
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top part; and ii) to disconnect said bottom part from said upper part, said handle is disengaged from said

locking end down said slahted slot and out of said opening, thereby releasing said bottom part from said

upper part.

1. A method of generating steam in a steam chamber receiving water from a water
reservoir for heating by a heating source, comprising feeding water from a water reservoir simultaneously
t0 a steam chamber and to a control chamber, through a single feeding valve, the feed water being mixed

with hot waste water drained from the steam chamber, upstream of a drain pump.

10. The method of claim 15, comprising monitoring a water level within the steam
chamber by monitoring a water level within the control chamber, and controlling said feeding from the

water reservoir according to the water level within the steam chamber.

17. The method of any one of claim 15 and 16, comprising monitoring foam content
within the steam chamber, and planning de-concentration cycles within the steam chamber according to

the foam content within the steam chamber.

18. The method of any one of claim 15 to 17, comprising collecting dissolved solid
content data of the water within the steam chamber, and activating a de-concentration cycle at a

oredetermined threshold of dissolved solid content data.

19. The method of claim 15, comprising collecting water level and foam content
data of the water within the steam chamber, determining a number of hours of operation of the steam
generator and an evaporation rate before occurrence of foam from the collected data, and monitoring

cleaning of the steam chamber based on the evaporation rate and hours of operation.

20. The method of claim 15, comprising collecting water level and foam content
data of the water within the steam chamber, determining a number of hours of operation of the steam
generator and an evaporation rate before occurrence of foam from the collected data, monitoring cleaning

of the steam chamber based on the evaporation rate and hours of operation; and when cleaning is due,
disengaging the steam chamber from the heat source and the water reservoir by removing a bottom part

of the steam chamber.
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