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(57) Abrege/Abstract:
A steam dispersion apparatus includes a steam chamber communicating in an open-loop arrangement with a first steam source for

supplying steam to the steam chamber. The steam chamber includes a steam dispersion location at which steam exits therefrom at
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(57) Abrege(suite)/Abstract(continued):
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Abstract

A steam dispersion apparatus includes a steam chamber communicating in an
open-loop arrangement with a first steam source for supplying steam to the steam
chamber. The steam chamber includes a steam dispersion location at which steam
exits therefrom at generally atmospheric pressure. A heat exchanger communicates
in a closed-loép arrangement with a second steam source for supplying steam to the
heat exchanger at a pressure generally higher than atmospheric pressure. The heat
exchanger is located at a location that is not directly exposed to the air to be
humidified, the heat exchanger being in fluid communication with the steam
chamber so as to contact condensate from the steam chamber. The heat exchanger

converts condensate formed by the steam chamber back to steam when the

condensate contacts the heat exchanger.
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HEAT EXCHANGER FOR REMOVAL OF CONDENSATE FROM A
STEAM DISPERSION SYSTEM

Technical Field
The principles disclosed herein relate generally to the field of steam
dispersion humidification. More particularly, the disclosure relates to a steam
dispersion system that pipes condensate away from the system by transferring the
condensate from atmospheric pressure to botler pressure with the use of a heat

exchanger that is in fluid communication with a central steam manifold.

Background
In the humidification process, steam is normally discharged from a steam

source as a dry gas. As steam mixes with cooler duct air, some condensation takes
place in the form of water particles. Within a certain distance, the water particles are
absorbed by the air stream within the duct. The distance wherein water particles are
completely absorbed by the air stream is called absorption distance. Another term
that may be used is a non-wetting distance. This is the distance wherein water
particles or droplets no longer form on duct equipment (except high efficiency air
filters, e.g.). Past the non-wetting distance, visible wisps of steam (water droplets)
may sfill be visible, for example, saturating high efficiency air filters. However,
other structures will not become wet past this distance. Absorption distance is
typically longer than the non-wetting distance and occurs when visible wisps have
all disappeared and the water vapor passes through high efficiency filters without
wetting them. Before the water particles are absorbed into the air within the non-
wetting distance and ultimately the absorption distance, the water particles collecting
on duct equipment may adversely affect the life of such equipment. Thus, a short
non-wetting or absorption distance is desirable.

Steam dispersion systems that utilize a single tube configuration normally
have long non-wetting or absorption distances. Steam dispersion systems that utilize
designs with a plurality of closely spaced tubes with hundreds of nozzles achieve a

short non-wetting or absorption distance. However, such designs may create

significant amounts of unwanted condensate. Depending upon the type of steam
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dispersion system, there have been a number of different methods utilized in the
prior art for disposing of unwanted condensate.

In discussing condensate removal, there are two basic types of steam
dispersion humidifying systems, one that uses non-jacketed dispersion tubes, herein
referred to as a “"Steam Dispersion Tube Panel" system, and another that uses a
steam jacket wrapped around each dispersion tube, herein referred to as a "Steam
[njcction” system. Virtually, in all systems, some steam condenses into liquid water
as 1t flows within the humidification system prior to being dispersed into the space
requiring humidification. Steam Dispersion Tube Panel systems can be used with
either atmospheric pressure steam or pressurized boiler steam. The condensate that
forms within a Steam Dispersion Tube Panel system is collected in a manifold (e.g.,
a header) and may be drained to a P-trap where it is either discharged to a drain via
gravity, returned to an atmospheric steam generator via gravity, or collected and
pumped back to the atmospheric steam generator or boiler condensate collection
point with condensate pumps.

Steam Injection type humidifiers are used with boilers sincé they employ a
steam jacket within which flows boiler steam, normally at about 5 psi to 60 psi. The
steam jacket wraps around each dispersion tube and vaporizes condensate forming
within the dispersion tube, thus, eliminating the need to drain condensate at
atmospheric pressure out of the dispersion tubes. The energy to vaporize the
condensate within the dispersion tubes comes from condensing an equivalent mass
of steam within the steam jacket. Since the steam jacket is under pressure, the
condensate within the steam jacket is returned to the boiler without the restrictions,
costs, and the piping complexity imposed by P-traps, proper slopes for draining,
installation/maintenance of condensate pumps, and possible confusion involved with
various steam ptping, some of which may be Operating at atmospheric pressure and
some of which may be operating at boiler pressure. Some examples of Steam
Injection type systems can be found in U.S. Patent Nos. 3,386,659; 3,642,201;
3,724,180; 3,857,514; 3,923,483; 5,543,090; 5,942,163; 6,227,526; 6,485,537; and
Des. 269,808.

Steam Dispersion Tube Panel systems have less heat gain to the duct air, and,
thus, waste less energy, compared to Steam Injection systems, since there are no

steam jackets exposed to the air flow. The surface temperatures are also lower than
2
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the surface temperatures of the steam jackets. They also have shorter absorption
distances since the absence of steam jackets allows the dispersion tubes to be more
closely spaced. Given comparable capacities and absorption distances, a Steam
Dispersion Tube Panel system will also have less static air pressure drop across the
assembly than a Steam Injection system. However, the condensate from Steam
Dispersion Tube Panel systems is often wasted to a drain due to the cost and
maintenance of using condensate pumps. Additionally, the clearance needed below
the bottom of a Steam Dispersion Tube Panel system for a P-trap is often difficult to
accommodate, as is the piping exiting the P-trap, which is normally sloped.

Steam Injection systems seldom waste condensate to a drain as the
condensate is pressurized and returned to the boiler without the cost and
maintenance problems of condensate pumps or the clearance problems of P-traps
and sloped drain lines. However, Steam Injection systems have more heat gain, and,
thus, waste more energy than Steam Dispersion Tube Panel systems. They also have
longer absorption distances and more static air pressure drop than comparable Steam
Dispersion Tube Panel systems.

It is desirable for a humidification system that possesses the advantages of
both a Steam Dispersion Tube Panel system and a Steam Injection system without

any of their associated disadvantages.

Summary
The principles disclosed herein relate to a steam dispersion system that uses

boiler pressure or pressurized steam to pipe condensate away from the system and
return it to the boiler without the use of pumps.

According to one particular aspect, the disclosure is directed to a steam
dispersion system that uses a steam heat exchanger located in fluid communication
with a central steam chamber or manifold to pipe condensate away from the system
by transferring the condensate from atmospheric pressure to boiler pressure.

According to another particular aspect, the disclosure is directed to a steam
dispersion system that uses a higher pressure steam heat exchanger within a low
pressure steam header to pipe unwanted condensate away from the system, wherein

the steam heat exchanger may form a closed-loop arrangement with a pressurized

steam source.
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According to another particular aspect, the steam dispersion system of the
disclosure includes a steam dispersion apparatus that has a steam chamber
communicating in an open-loop arrangement with a steam source for supplying
steam to the steam chamber. The steam chamber includes a steam dispersion
location at which steam exits from the steam chamber at generally atmospheric
pressure. A heat exchanger communicates in a closed-loop arrangement with a
pressurized steam source for supplying steam to the heat exchanger at a pressure
generally higher than atmospheric pressure. The heat exchanger is located at a
location that is in fluid communication with the condensate formed within the steam
chamber. The heat exchanger converts condensate formed by the steam chamber
back to steam when the condensate contacts the heat exchanger.

According to one particular aspect, there is provided a steam dispersion
system comprising:

a steam dispersion apparatus including at least a portion of which is exposed
directly to air, the steam dispersion apparatus communicating in an open-loop
arrangement with a first steam source for supplying steam to the steam dispersion
apparatus, wherein the steam dispersion apparatus includes a steam dispersion
location exposed to the air at which steam enters the air at atmospheric pressure:
and

a heat exchanger having a heat exchanger interior communicating in a
closed-loop arrangement with a second steam source for supplying steam to the
heat exchanger interior at a pressure higher than atmospheric pressure, wherein the
heat exchanger interior is isolated from the air to be humidified, wherein the heat
exchanger is positioned to contact condensate forming within at least a portion of
the steam dispersion apparatus for converting the condensate back into steam that
enters the air at atmospheric pressure.

According to one particular aspect, there is provided a steam dispersion

apparatus comprising.
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a steam chamber communicating in an open-loop arrangement with a first
steam source for supplying humidification steam to the steam chamber, the steam
chamber including a steam dispersion location at which humidification steam exits
from the steam chamber at atmospheric pressure; and

a heat exchanger communicating in a closed-loop arrangement with a
second steam source for supplying steam to the heat exchanger at a pressure
higher than atmospheric pressure, the heat exchanger positioned within the steam
chamber to contact condensate formed within the steam chamber back to
humidification steam that exits from the steam chamber at atmospheric pressure.

According to one particular aspect, there is provided a steam dispersion
apparatus comprising:

a steam chamber communicating in an open-loop arrangement with a first
steam source for supplying humidification steam to the steam chamber, the steam
chamber including a plurality of steam dispersion tubes protruding out of the steam
chamber, the plurality of steam dispersion tubes being directly in contact with air for
supplying steam to the air at atmospheric pressure; and

a heat exchanger communicating in a closed-loop arrangement with a
second steam source for supplying steam to the heat exchanger at a pressure
higher than atmospheric pressure, the heat exchanger positioned below all of the
plurality of steam dispersion tubes for contacting via gravity any condensate forming
within the steam dispersion tubes and converting the condensate back to
humidification steam.

According to one particular aspect, there is provided a method of moving
condensate through a steam dispersion system comprising:

(i) providing humidification steam to a steam chamber, at least a portion
of which being exposed directly to air;

()  dispersing the humidification steam from the steam chamber at

atmospheric pressure;
43
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(i)  providing a heat exchanger positioned within the steam chamber; and
(Iv) running steam at a pressure generally higher than atmospheric

pressure through the heat exchanger in a closed-loop arrangement.

A variety of additional inventive aspects will be set forth in the description that
follows. The inventive aspects can relate to individual features and combinations of
features. It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are not
restrictive of the broad inventive concepts upon which the embodiments disclosed
herein are based.

Brief Description of the Drawings

FIG. 1 is a diagrammatic view of a steam dispersion system having features
that are examples of inventive aspects in accordance with the principles of the
present disclosure;

FIG. 2 illustrates a perspective view of a steam dispersion apparatus of the
steam dispersion system of FIG. 1, the steam dispersion apparatus having features
that are examples of inventive aspects in accordance with the principles of the
present disclosure;

FIG. 3 illustrates a perspective view of a second embodiment of a steam
manifold configured for use with the steam dispersion apparatus of FIG. 2;

FIG. 4 illustrates a top view of the steam manifold of FIG. 3;

FIG. 5 illustrates a perspective of another embodiment of a steam dispersion
apparatus configured for use with the steam dispersion system of FIG. 1;
FIG. 6 illustrates a front view of the steam dispersion apparatus of FIG. 5;

FIG. 7 illustrates a top view of the steam dispersion apparatus of FIG. 5;

4b
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FIG. 8 illustrates a side view of the steam dispersion apparatus of FIG. 5,

FIG. 9 illustrates a perspective view of another steam dispersion system
having features that are examples of inventive aspects in accordance with the
principles of the present disclosure, portions of the steam dispersion system broken
away to illustrate the internal features thereof; and

FIG. 10 illustrates a diagrammatic view of a heat exchanger configured for

use with the steam dispersion system of FIG. 9.

Detailed Description
A steam dispersion system 10 having features that are examples of inventive

aspects in accordance with the principles of the present disclosure is illustrated
diagrammatically in FIG. 1. The steam dispersion system 10 includes a steam
dispersion apparatus 12 and a s-team source 14. The steam source 14 may be a boiler
or another steam source such as an electric or gas humidifier. The steam source 14
provides pressurized steam towards a manifold 16 of the steam dispersion apparatus
12. In the depicted example, the pressurized steam passes through a modulating
valve 8 for reducing the pressure of the steam from the steam source 14 to about
atmospheric pressure before it enters the manifold 16. Steam tubes 18 coming out of
the manifold 16 disperse the steam to the atmosphere at atmospheric pressure. In the
embodiment illustrated in FIG. 1, the manifold 16 is depicted as a header 17, which
Is a manifold is designed to distribute pressure evenly among the tubes protruding
therefrom.

[n accordance with the steam dispersion system 10 of FIG. 1, the steam
source 14 also supplies steam to a heat exchanger 20 (i.e., evaporator) located within
the header 17. The steam supplied to the heat exchanger 20 is piped through a
continuous loop with the steam source 14. The steam supplied by the steam source
14 is piped through the system 10 at a pressure generally higher than atmospheric
pressure, which is normally the pressure within the header 17. In this manner,
pumps or other devices to pipe the steam through the system 10 may be eliminated.

Although illustrated as being the same, it should be noted that the steam
source supplying steam to the header 17 and steam to the heat exchanger 'may be two
different steam sources. For example, the source that supplies humidification steam

to the header 17 may be generated by a boiler or an electric or gas humidifier which
5
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operates under low pressure (e.g., less than 1 psi.). In other embodiments, the
source that supplies humidification steam to the header may be operated at higher
pressures, such as between about 2 psi and 60 psi. In other embodiments, the
humidification steam source may be run at higher than 60 psi. The humidification
steam that is inside the header ready to be dispersed is normally at about
atmospheric pressure when exposed to air.

The pressure of the heat exchanger steam is normally higher than the
pressure of the humidification steam. The heat exchanger steam source may be
operated between about 2 psi and 60 psi and is configured to provide steam at a
pressure higher than the pressure of the humidification steam that is to be dispersed.
The heat exchanger steam source may be operated at pressures higher than 60 psi.

Although in the depicted embodiment, the internal heat exchanger 20 is
shown as being utilized within a manifold depicted as . header, it should be noted
that the heat exchanger 20 of the system can be used within any type of a central
steam chamber that is likely to encounter condensate, either from the dispersion
tubes 18 or other parts of the system 10. A header is simply one example of a
central steam chamber wherein condensate dripping from the tubes 18 is likely to
contact. It should not be used to limit the inventive aspects of the disclosure.

In other embodiments, the heat exchanger may be located at a location other
than within a central steam chamber. For example, in another embodiment, the heat
exchanger may be located at a location that is remote from the central steam
chamber, however, still being in fluid communication with the condensate within the
central steam chamber. In this manner, condensate may still be pumped away
without the use of pumps or other devices. Please see FIGS. 9 and 10 for an
example of such a system.

FIG. 2 illustrates a perspective view of an embodiment of the steam
dispersion apparatus 12 configured for use with the steam dispersion system 10 of
FIG. 1. The steam dispersion apparatus 12 includes the plurality of steam dispersion
tubes 18 extending from the single header 17. In the embodiment shown, the steam
dispersion apparatus 12 includes six steam dispersion tubes 18 extending out of the
header 17. The header 17 receives steam from the steam source 14 and the steam is
dispersed into air (e.g., duct air) through nozzles 22 of the steam tubes 18. As

discussed above, the humidification steam inside the header 17 communicating with
6
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the tubes 18 may be at atmospheric pressure, generally at about 0.1 to 0.5 psi and at

about 212 degrees F. In other embodiments, the steam inside the header 17 may be

at less than 1 psi.

Still referring to FIG. 2, in the embodiment of the dispersion system 10, the

steam dispersion apparatus 12 includes the heat exchanger 20 within the header 17.

In the depicted embodiment, the heat exchanger 20 is formed from continuous

closed-loop piping that communicates with the steam source 14. The portion of the
heat exchanger 20 within the header 17 is a U-shaped pipe 24 that generally spans
the full length of the header 17. In the depicted embodiment, the steam heat
exchanger 20 is generally located at a bottom portion of the header 17. Steam at
steam source pressure (e.g., boiler pressure) is supplied to the heat exchanger 20 and
enters the heat exchanger 20 via an inlet 26. As discussed above, the steam entering
the heat exchanger 20 is generally at about 2-60 psi and at about 220 degrees F to
310 degrees F. In certain embodiments, the steam provided by the steam source 14
may be at about 15 psi. In certain other embodiments, the steam provided by the
steam source 14 may be at about 5 psi. In other embodiments, the steam provided
by the steam source 14 may be at no less than about 2 psi. In yet other
embodiments, the steam provided by the steam source may be at more than 60 psi.
The steam within the heat exchanger 20 is piped therethrough and exits the heat
exchanger 20 through an outlet 28.

According to one embodiment, the steam heat exchanger 20 is depicted as a
U-shaped pipe 24. It should be noted that other types of configurations that form a
closed-loop with the steam source 14 may be used.

. Additionally, the piping of the heat exchanger 20 may take on various
proﬂles According to one embodiment, the piping of the heat exchanger 20 may

have a round cross-sectnonal profile. In other embodiments, the cross-section of the

piping may include other shapes such as square, rectangular, etc. Please see FIGS. 3

and 4 for a heat exchanger 20' including a square profile.

The steam heat exchanger 20 may be made from various heat-conductive
materials, such as metals. Metals such as copper, stainless steel, etc., have been
found to be suitable for the heat exchanger 20. In certain embodiments, the heat
enchanger 20 may be made from metal piping that may include fins or other types of

surface texture for increasing the surface area, thus, water vaporization rates.
7
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One type of piping that is suitable for the heat exchanger is a copper piping
available from Wolverine Tube, Inc. under the model name Turbo-ELP®. The Turbo-
ELP® copper piping available from Wolverine Tube, Inc. includes a unique surface
texture on an outside surface of the piping. Integral helical fins on the outside
surface of the tube are provided to enhance the Initiation of nucleate boiling sites,
thus improving the overall heat transfer coefficient of the pipe. The inside heat
transfer coefficient is improved over smooth bore products because of increased
surface area and turbulation induced by integral helical ridges on the inside surface
of the piping. Through testing, the Turbo-ELP® piping has been found to improve
water vaporization rates by up to 400% when compared to similar-thickness,
smooth-surfaced copper pipes, over a wide range of boiler pressures. Please refer
to the world-wide-web address
"http://www.wiv.com/products/Enhanced/TurboELP.htm" for further information
about Turbo-ELP® copper piping. Turbo-ELP® copper piping is also described in
detail in U.S. Patent No. 5,697,430.

Other type of copper pipes, for example, copper pipes from Wolverine Tube,
Inc. under the model names Turbo-CDI®, W/H Trufin, and H/T Trufin, may also be
suitable for the heat exchanger of the present disclosure. Another pipe that may be
suitable for the heat exchanger of the present disclosure is available from Wolverine

Tube, Inc. under the model name MD (Micro Deformation). Other types of copper
pipes, available from Wolverine Tube, Inc., described in U.S. Patent Nos. 7,254,964

and 7,178,361 and in U.S. Patent Application Publication No. 2005/0126215, are
also suitable for use with the heat exchanger embodiments described in the present
disclosure.

Still referring to FIG. 2, dispersed humidification steam condenses inside the
steam dispersion tubes 18 when encountering cold air, for example, within a duct.
Condensate 30 that forms within the dispersion tubes 18 drips down via gravity

toward the heat exchanger 20 located at the bottom of the header 17. The
8
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condensate 30 contacts the exterior surface of the piping 24 of the heat exchanger
20 and is vaporized (i.e., reflashed back into the system). The energy required to
turn the fallen condensate 30 back into steam creates condensate within the heat

exchanger 20. The energy to vaporize the condensate comes from condensing an

8a
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equivalent mass of steam within the heat exchanger 20. However, since the interior
of the heat exchanger 20 is under a higher pressure, i.e., the pressure of the steam
source 14, the condensate created therewithin is moved through the system 10 under
this higher pressure, without the need for pumps or other devices.

In the depicted embodiment, the heat exchanger 20 is shown to span
generally the entire length of the header so that it can contact condensate dripping
from all of the tubes. In other embodiments, the heat exchanger 20 may span lcss
than the entire length of the header (e.g., its length may be 1/2 of the header length
or less).

In certain applications, the heat exchanger 20 may be kept supplied with
pressurized steam even after humidification of the air through the tubes 18 is
finished. By leaving the heat exchanger 20 on, standing condensate that has been
formed at the bottom of the header 17, for example, can be removed via the pressure
of the steam source 14. This can be accomplished in an automated manner via a
control system controlling the supply of steam to the system 10. For example, a
time delay between the shut-off time of the steam tubes 18 and the shut-off time of
the heat exchanger 20 can be provided via the control system.

As discussed above, the heat exchanger 20 could be located at a different
location than the interior of a header 17. The interior of the header 17 is one
example location wherein condensate 30 forming within the steam dispersion system
10 may eventually end up. Other locations are certainly possible, so long as the
steam within the heat exchanger 20 is at a higher pressure than atmospheric pressure
and so long as the condensate forming within the heat exchanger 20 is able to
contact the heat exchanger for piping through the system 10.

With the configuration of the steam dispersion system 10 of the present
disclosure, short absorption distances are achieved and the resulting condensate may
be moved efficiently through the system 10 without the use of pumps or other
devices.

FIGS. 3 and 4 illustrate another embodiment of a steam manifold 16
configured for use with the steam dispersion system 10 of FIG. 1. The steam
manifold 16' is depicted as a header 17' that includes a divider 34 dividing the
interior of the header 17' into two separate chambers 36, 38. The header 17’

depicted is similar to the header described in FIGS. 1-14 of the commonly-owned
9
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U.S. Application Ser. No. 11/804,991, entitled, "DEMAND ACTIVATED STEAM
DISPERSION SYSTEM". As described in U.S. Application Ser. No. 11/804,991, the
header 17' is divided into separate isolated chambers 36, 38 by the divider 34. The
divider 34 is shaped such that, aithough all of the tubes 18 are arranged in a line
along the center of the header 17', half of the steam dispersion tubes 18
communicates with one chamber 36, while the other half communicates with the
other chamber 38. In such a system, a control system may be utilized to
automatically activate or deactivate (i.e., supply or cut-off steam to) a given chamber
36, 38 in response to humidification demand, thus, using less than all of the tubes
18 when all are not needed.

As shown Iin FIGS. 3 and 4, although a single closed-loop pipe is used,
effectively one half of the heat exchanger 20' is located within one chamber 36 and
the other half is located within the other chamber 38. The divider 34 includes a cut-
out 40 for accommodating the portion of the heat exchanger 20' that passes
between the two isolated chambers 36, 38. The heat exchanger 20' shown in FIGS.
3 and 4 is depicted as including a square cross-section. As discussed above, other
shapes are certainly possible.

FIGS. 5-8 illustrate another embodiment of a steam dispersion apparatus 12'
configured for use with the steam dispersion system 10 of FIG. 1. The apparatus 12’

Hlustrated in FIGS. 5-8 forms part of another version of a demand activated steam

dispersion system In which less than all of the available tubes 18 may be used
depending upon demand. The apparatus shown in FIGS. 5-8 forms part of a system
that I1s similar to one illustrated in FIGS. 17-22 of U.S. Application Ser.
No. 11/804,991.

The steam dispersion apparatus 12' shown in FIGS. 5-8 is similar in function
to the system shown in FIGS. 3 and 4. However, in the system 12' illustrated in
FIGS. 5-8, the steam dispersion tubes 18 are arranged in a zigzag arrangement,

wherein the divider 34' includes a straight configuration. Half the tubes 18a
10
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communicates with one chamber 36' and the other half 18b communicates with the
other chamber 38". In the embodiment depicted in FIGS. 5-8, two heat exchangers
20a", 20b" are utilized, one in each chamber. Alternatively, as in the embodiment
shown in FIGS. 3-4, a single heat exchanger can also be used, a portion of which
passes through the divider 34'. In the embodiment depicted in FIGS. 5-8, the heat
exchangers 20a", 20b" include round-profiled piping.

With the use of a heat exchanger as illustrated and described in the present
disclosure, short absorption distances are achieved and the resulting condensate is
moved efficiently through the system 10 without the use of pumps or other devices.
In addition to improving the movement of condensate through the system 10, the
amount of condensate 30 created in the overall system can be reduced by using
insulation on the steam dispersion tubes 18 and/or other parts of the steam
dispersion system 10, as described in commonly-owned U.S. Application Ser.
No. 11/521,083, entitled, "INSULATION FOR A STEAM CARRYING APPARATUS
AND METHOD OF ATTACHMENT THEREOF". As described in U.S. Application
Ser. No. 11/5621,083, one type of insulation suitable for use with the systems
llustrated and described herein is an insulation including a polyvinylidene fluoride
fluoropolymer (PVDF). Since condensate can form on various parts of the steam
dispersion system 10, such as the header 17, the steam dispersion tubes 18, etc.,
the insulation can be used on any portion (exterior or interior) of any steam carrying
part (e.g., steam dispersion tubes, header, etc.) of the system 10, a number of
examples of which have been illustrated in U.S. Application Ser. No. 11/521,083.

As discussed in U.S. Application Ser. No 11/521,083, by using PVDF

insulation around the steam dispersion tubes 18, the overall condensate in the

system has been found to be reduced by about 45-60%. The condensate that forms

can, then, be piped through the system 10 with the use of the heat exchanger 20.

11
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If no insulation is used in the system 10, a similar overall condensate removal
efficiency of the system 10 can still be achieved using higher steam source
pressures.

As discussed previously, although in the illustrated examples, the steam
source supplying humidification steam to the header 17 and pressurized steam to
the heat exchanger are depicted as being the same source, it should be noted that
two different sources may be used for supplying steam to the header 17 and to the
heat exchanger. For example, the humidification steam source that supplies
humidification steam to the header 17 may be generated by a boiler or an electric or

gas humidifier and the steam source that provides pressurized steam to the heat

11a
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exchanger may be a different boiler or other source supplying steam at a higher
pressure than the humidification steam. Even though discussed herein as using
pressurized steam to reflash the condensate back into the system, it should be noted
that the heat exchanger may use other sources of energy to reflash condensate back
Into the dispersion system. For example, in other embodiments, an energy source
other than pressurized steam, such as electricity or gas may be used. Electric
heating elements or gas burners may be used for the heat exchanger.

Referring to FIGS. 9-10, another embodiment of a steam dispersion system
110 having features that are examples of inventive aspects in accordance with the
principles of the present disclosure is illustrated. As discussed above, a heat
exchanger 120 may be located at a location that is remote from the central steam
chamber (e.g., a header 117) and not positioned within the central steam chamber.
Such a system is shown in FIGS. 9-10. In this type of a system, the heat exchanger
120 1s remote from, however, in fluid communication with the header 117 so as to
make contact with the condensate within the header 117. In this manner, condensate
may still be pumped away without the use of pumps or other devices.

Referring to FIGS. 9-10, the heat exchanger 120 is provided in the form of a
coil 111 within a housing 113. Portions of the housing 113 have been broken away
to illustfate the coil 111 therewithin. The housing 113 is mounted outside of the
central steam chamber. The housing 113 includes a humidification steam inlet 115
for receiving steam from a steam source, such as a boiler. The housing 113 includes
a humidification steam outlet 119 that is in fluid communication with the central
steam chamber (e.g., the header 117) for forwarding the humidification steam to the
central steam chamber. In other embodiments, the humidification steam may
directly enter the central steam chamber rather than go through the housing 113 first.
As depicted, a modulating steam valve 121 may be provided for controlling the inlet
of humidification steam into the housing/central steam chamber.

For retlashing condensate back into the dispersion system 110, the heat
exchanger 120 forms a closed-loop arrangement with a pressurized steam source
such as the boiler. The heat exchanger 120 includes a pressurized steam inlet 126
and a pressurized condensate outlet 128.

As depicted, a solenoid valve 123 'may be used to control the inlet of

pressurized steam into the heat exchanger 120 and a trap 125 (e.g., a float and
12
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thermostatic trap, as depicted) may be used to control the outlet of condensate from
the heat exchanger 120. By using a trap 123, pressurized steam within the heat
exchanger 120 can be prevented from being poured out, with only condensate being
let out.

It should be noted that, in other embodiments, the remote heat exchanger
could use electricity or gas instead of pressurized steam for reflashing condensate
back into the dispersion system.

The housing 113 is also in fluid communication with the header 117 viaa
condensate pipe 127. Condensate from the header 117 can enter the housing 113
through a condensate inlet 129, contact the heat exchanger coil 111, and be
vaporized into steam by the heat exchanger 120. The vaporized steam 1is, then,
returned back to the central steam chamber through the humidification steam outlet
119 of the housing 113.

The housing 113 is positioned such that condensate from the central steam
chamber can flow into the housing 113 via gravity and returned back to the central
chamber after being vaporized. Pressurized condensate which forms within the coil
I'11 as a result of reflashing the condensate at the bottom of the housing 113 can
then exit the heat exchanger 120 and return to the boiler under pressure.

With the steam dispersion systems 10, 110 described herein, approximately
100% of the humidification steam that enters the systems can eventually enter the
space to be humidified. As such, additional condensate return lines may be reduced
or totally eliminated.

The above specification, examples and data provide a complete description
of the inventive features of the disclosure. Many embodiments of the disclosure can

be made without departing from the spirit and scope thereof.
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WHAT IS CLAIMED 1S :

1. A steam dispersion system comprising:

a steam dispersion apparatus including at least a portion of which is exposed
directly to air, the steam dispersion apparatus communicating in an open-loop
arrangement with a first steam source for supplying steam to the steam dispersion
apparatus, wherein the steam dispersion apparatus includes a steam dispersion
location exposed to the air at which steam enters the air at atmospheric pressure;
and

a heat exchanger having a heat exchanger interior communicating in a
closed-loop arrangement with a second steam source for supplying steam to the
heat exchanger interior at a pressure higher than atmospheric pressure, wherein the
heat exchanger interior is isolated from the air to be humidified, wherein the heat
exchanger is positioned to contact condensate forming within at least a portion of
the steam dispersion apparatus for converting the condensate back into steam that

enters the air at atmospheric pressure.

2. A steam dispersion system according to claim 1, wherein the first steam

source and the second steam source are the same source.

3. A steam dispersion system according to claim 1, wherein at least one of the

first steam source and the second steam source includes a boiler.
4, A steam dispersion system according to claim 1, wherein at least one of the

first steam source and the second steam source provides steam at a pressure of

about 2 psi to about 60 psi.
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5. A steam dispersion system according to claim 1, wherein the steam

dispersion apparatus includes a header with at least one steam dispersion location.

0. A steam dispersion system according to claim 5, wherein the steam
dispersion apparatus includes a header with a plurality of steam dispersion tubes

protruding out of the header and exposed to the air.

7. A steam dispersion system according to claim 1, wherein the steam
dispersion apparatus includes a steam chamber and the heat exchanger is

enclosed within the steam chamber.

8. A steam dispersion system according to claim 1, wherein the steam
dispersion apparatus includes a steam chamber and the heat exchanger is mounted

outside of the steam chamber.

9. A steam dispersion system according to claim 1, wherein the heat exchanger

includes a pipe made out of copper.

10. A steam dispersion apparatus comprising:

a steam chamber communicating in an open-loop arrangement with a first

steam source for supplying humidification steam to the steam chamber, the steam
chamber including a steam dispersion location at which humidification steam exits
from the steam chamber at atmospheric pressure; and

a heat exchanger communicating in a closed-loop arrangement with a
second steam source for supplying steam to the heat exchanger at a pressure
higher than atmospheric pressure, the heat exchanger positioned within the steam
chamber to contact condensate formed within the steam chamber back to

humidification steam that exits from the steam chamber at atmospheric pressure.
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11. A steam dispersion apparatus according to claim 10, wherein the steam

chamber includes a header with at least one steam dispersion location.

12. A steam dispersion apparatus according to claim 11, wherein the header

includes a plurality of steam dispersion tubes protruding out of the header and

exposed to air.

13. A steam dispersion apparatus according to claim 12, wherein the heat

exchanger spans generally at least 1/2 of the length of the steam chamber.

14. A steam dispersion apparatus according to claim 10, wherein the heat

exchanger includes a pipe made out of copper.

15. A steam dispersion apparatus according to claim 14, wherein the copper pipe

includes a textured outer surface.

16. A steam dispersion apparatus according to claim 10, wherein the first steam

source and the second steam source are the same source.

17. A steam dispersion apparatus comprising:

a steam chamber communicating in an open-loop arrangement with a first
steam source for supplying humidification steam to the steam chamber, the steam
chamber including a plurality of steam dispersion tubes protruding out of the steam
chamber, the plurality of steam dispersion tubes being directly in contact with air for
supplying steam to the air at atmospheric pressure; and

a heat exchanger communicating in a closed-loop arrangement with a

second steam source for supplying steam to the heat exchanger at a pressure
16
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higher than atmospheric pressure, the heat exchanger positioned below all of the
plurality of steam dispersion tubes for contacting via gravity any condensate forming
within the steam dispersion tubes and converting the condensate back to

humidification steam.'

18. A steam dispersion apparatus according to claim 17, wherein the steam
chamber includes a horizontally arranged header and the plurality of steam
dispersion tubes protrude vertically out of the header, the heat exchanger located

within the header and generally spanning an entire length of the header.

19. A steam dispersion apparatus according to claim 17, wherein the heat

exchanger includes a pipe made out of copper.

20. A steam dispersion apparatus according to claim 17, wherein the first steam

source and the second steam source are the same source.

21. A method of moving condensate through a steam dispersion system
comprising:
(1) providing humidification steam to a steam chamber, at least a portion of

which being exposed directly to air;

(i) dispersing the humidification steam from the steam chamber at atmospheric
pressure;

(iiiy  providing a heat exchanger positioned within the steam chamber; and

(iv) running steam at a pressure generally higher than atmospheric pressure

through the heat exchanger in a closed-loop arrangement.

22. A method according to claim 21, wherein the steam is run through the heat

exchanger at a pressure between about 2 psi and 60 psi.
17
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