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(57) Abstract: Gaseous fluid production apparatus (10) according to one embodiment of the invention includes a fluid container
(11) containing fluid (14) in substantially the liquid state (12). A first fluid line (16) is connected to the fluid container (11) so that
it receives from the fluid container (11) a first fluid stream substantially in the liquid state. A gas generator (20) is also connected
to the fluid container (11) so that it receives from the fluid container (11) a second fluid stream substantially in the liquid state. A
& product discharge manifold (18) is connected to the gas generator (20) and to the first fluid line (16). A control means is operatively
associated with the first fluid line (16) and the product discharge manifold (18) for controlling at least one parameter of the first fluid
stream. A second control means is operatively associated with the gas generator (20) and the product discharge manifold (18) for

controlling at least one parameter of the second fluid stream.



WO 2006/044629 ‘ PCT/US2005/036977

10

15

20

25

30

1

GASEOUS FLUID
PRODUCTION APPARATUS AND METHOD

Technical Field

This invention relates to apparatus for producing gaseous fluid and more
specifically to methods and apparatus for controlling at least one parameter of the gaseous
fluid.

Background Art

Temperature and other parametric controls of gaseous fluids for manufacturing or
other processes have been found to be desirable. An example is the use of cryogenic
fluids as quench fluids for cooling vaporized precursor materials to make nanoparticles.
Controlling the temperatures of quench fluids can greatly assist in nano-particle
production. Temperature control of quench fluids can affect the number and size of
nanoparticles produced, can minimize fluctuations in flow and pressure, and may help to
conserve energy.

Temperature control of a quench fluid, particularly a gas, may be achieved in part
by mixing the gas with a cooler, liquefied stream of the same gas. Such a liquid/gas
mixture of this sort can then be maintained within a range of desired end temperatures to
provide for increased flow-rates or to avoid flow-rate fluctuations, for example.
However, devices for providing a liquid/gas mixture are not without their problems, as it
can be difficult to combine liquid and gas streams depending on the temperatures and
pressures involved.

Disclosure of Invention

A method of the present invention comprises supplying a first fluid stream
substantially in a liquid state and a second fluid stream substantially in liquid state from a
single fluid source. At least a portion of the second fluid stream is vaporized to form a
gaseous fluid. The flow rate of at least one of the first and second fluid streams is varied.
The method provides for the combining of the first and second fluid streams to produce a
gaseous fluid product, at least one parameter of which is affected by the varying of the
flow rate of at least one of the first and second fluid streams.

An outlet stream production apparatus of the present invention comprises a fluid
container containing fluid in substantially a liquid state. A gas generator is connected to
said fluid container. A first fluid line is also connected to said fluid container. The first

fluid line is connected to a product discharge manifold via a first valve. The gas
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generator is also connected to the product discharge manifold via a second valve. The
first valve and the second valve are operable to control at least one parameter of an outlet
stream produced at the product discharge manifold.

Brief Description of Drawing

The accompanying drawing illustrates a schematic representation of one
embodiment of a gaseous fluid production apparatus according to the present invention.

Modes for Carrying Out the Invention

In general, methods of the present invention may be used to produce a gaseous
fluid product, or an outlet stream, with a controlled temperature or other parameter. A
method of producing an outlet stream with a controlled parameter according to the
present invention comprises supplying a first fluid stream in substantially a liquid phase
from a single fluid source; supplying a second fluid stream in substantially a liquid phase
from the single fluid source; vaporizing at least a portion of the second fluid stream to
produce a gaseous fluid and combining the first fluid stream with the second fluid stream
to produce a temperature-controlled outlet stream. In other embodiments, a method for
producing the temperature-controlled outlet stream may also comprise supplying a
desired pressure to the-first fluid stream; producing a desired pressure for the outlet
stream; minimizing the pressure of the first fluid stream in the liquid phase; and/or
controlling the pressure of the first fluid stream to reduce flow fluctuations. Another
embodiment may comprise supplying a desired pressure to the second fluid stream;
producing a desired pressure for the outlet stream; minimizing the pressure of the second
fluid stream in the liquid phase; and/or controlling the pressure of the second fluid stream
to reduce flow fluctuations. Still another embodiment comprises supplying a desired
pressured to both the first fluid stream; and the second fluid stream.

Another embodiment of a method for controlling an outlet stream parameter (e.g.,
temperature, pressure, flow rate) according to the present invention comprises removing
two discrete streams of liquid-phase material from the single source; passing a first one of
said two discrete streams through a first line having a first valve; passing the second of
the streams through a second line having a gas generator and a second valve; mixing the
first and second fluid streams in a controlled relationship to produce an outlet stream with
a controlled parameter. In an embodiment where the controlled parameter is temperature,

the method may further comprise controlling the temperature to maintain the temperature
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at a selected value in the range between about the boiling point of the outlet stream and
about the ambient temperature.

Moreover, in a further embodiment, the mixing of the first and the second fluid
streams (respectively conducted by the first and the second fluid lines) may provide not
only for producing a single fluid outlet stream, but also for controlling a parameter of the
single fluid outlet stream. Thus, as is explained in more detail below, apparatus of the
present invention may provide for a parametrically-controlled outlet stream wherein the
controlled parameter is one or more of the temperature, pressure or volumetric flow rate
of at least one of the first and second fluid streams, and the outlet stream.

A gaseous fluid production apparatus 10 according to one embodiment of the
present invention is illustrated in the drawing figure and may comprise a fluid container
11 containing fluid 14 in at least a liquid phase 12. The fluid 14 is dispensed through
respective first and second fluid lines 16, 17 to a product discharge manifold 18. A gas
generator 20 is disposed in or otherwise connected to the second fluid line 17, as shown.
However, in another embodiment, the gas generator 20 may also be disposed in or
otherwise connected to the first fluid line 16. As will be described in greater detail
below, the gas generator 20 receives the fluid 14 substantially in the liquid phase 12 and
vaporizes at least some of the fluid 14 to produce a gaseous fluid.

The apparatus 10 may be particularly useful with cryogenic fluids, although the
present invention is not limitéd in any respect to cryogenic fluids. “Cryogenic fluid” as
used herein refers to liquids that boil at temperatures of less than about 110 K (-163.15
degree C) at atmospheric pressure. Cryogenic fluids include, but are not limited to,
hydrogen, helium, nitrogen, oxygen, argon, air, and methane. Cryogenic fluids may not
be suitable when exposed to ambient temperature. That is, when cryogenic fluids in
liquid form are exposed to such ambient temperatures, they may quickly reach boiling
temperature(s) and thus change state to gaseous form. Often, the actual temperature of
cryogenic fluid at its initial boiling temperature has been of little importance, since it is
still very cold relative to most ambient temperatures. However, systems desiring
particular cryogenic temperatures are emerging and thus controlled parameter
(temperature and/or pressure) output fluid streams for those systems may be preferred.

Referring now more specifically to the drawing, with respect to another
embodiment, the apparatus 10 of the present invention comprises a fluid container 11,

which may, but need not be, in a tank form. The fluid container 11 is fluidly connected to
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first and second fluid lines 16, 17 which are ultimately also connected to each other to
define, or form, the product discharge manifold 18. The connections of both the first and
second fluid lines 16, 17 to the fluid container 11 are generally made in such as way so as
to permit the fluid 14 to be conducted from the fluid container 11 in the liquid phase 12.
As shown in the drawing, for example, such a connection between the fluid container 11
and the first and second fluid lines 16, 17 may be made below the liquid-gas interface 15.
The drawing also shows schematically that the fluid container 11 contains the liquid
phase 12 of the fluid 14 and may also (but need not) contain a gas phase 13 of the fluid
14, as shown here above the gas-liquid interface 15.

The gas generator 20 -may be connected to the second fluid line 17. In the
embodiment shown in the drawing, the gas generator 20 comprises a heat exchanger 21
and two holding containers 22, 23. An exemplary gas generator 20 is a Trifecta® device
from Chart Industries, Inc., based in Cleveland, Ohio, USA. The gas generator 20 may be
of a type which may provide for, separately or in combination, flow control, pressure
control or temperature control for the gaseous fluid from the gas generator 20.

The apparatus 10 may be generally operated as follows. The fluid 14 may be
drawn from the fluid container 11 in first and second fluid streams flowing into and
through the first and second fluid lines 16, 17. As shown and described here, the liquid
phase 12 of the fluid 14 is conducted into and, at least initially, flows into the first and
second fluid lines 16, 17. The liquid first fluid stream in the first fluid line 16 proceeds
to the product discharge manifold 18 while the liquid second fluid stream in the second
fluid line 17 proceeds first to the gas generator 20 where it is processed (if necessary).
The gas generator 20 changes the second fluid stream from a liquid to a gas, which is then
conducted via the second fluid line 17 to the product discharge manifold 18. At the
product discharge manifold 18, the second fluid stream is mixed with the first fluid
stream to produce an outlet stream 19. The first fluid stream may often still generally be
in the liquid phase although some boiling or complete boiling may have occurred in
transit. As such, the first fluid stream is generally going to be at a lower temperature than
the gaseous phase of the second fluid stream. In such cases, independent parameter(s)
(e.g., temperature, pressure and flow rate) of the first and second fluid streams (before
mixing) ultimately contribute to and together create the parameter(s) of the outlet stream
19. Therefore, outlet stream 19 may comprise a mixed product and may have different

temperature or other parameters (e.g., pressure and flow rate) as compared to either of the



WO 2006/044629 PCT/US2005/036977

10

15

20

25

30

5
first or second fluid streams. Thus, the outlet stream 19 exiting the product discharge
manifold 18 may in some instances be considered as occurring in either one gas phase, or
in two mixed phases, i.e., gas and liquid.

The first and second fluid streams may be brought together and mixed to produce
the outlet stream 19 having a resultant or manufactured parameter (e.g., temperature,
pressure, flow rate) at a set level or within a controlled range. As the relative parameters
of the first and second fluid streams may be known, selected and/or controlled, then so
too may the outlet stream 19 parameters be manipulated, selected and/or controlled. In
many cases, the physical, mechanical and/or plumbing constraints (e.g., sizes, shapes,
lengths, etc.) of one or more parts of the apparatus 10 (e.g., the first and second fluid lines
16, 17) may contribute to and/or result in the parameters of the first and second fluid
streams, thereby affecting the parameters of the outlet stream 19. For that reason, as well
as others familiar to those of skill in the art, one or more valves may be inserted in the
fluid lines 16, 17 to control the mixing of the first and second fluid streams, and therefore
control the parameters of the outlet stream 19. For example, as shown, a first valve 26
may be inserted into the first fluid line 16 and/or a second valve 27 may be inserted into
the second fluid line 17.

As shown, the first valve 26 is disposed on the first fluid line 16 and may be used
to vary the flow of the first fluid stream in the first fluid line 16 into the product discharge
manifold 18 (and the outlet stream 19), thereby regulating the temperature in the outlet
stream 19. In operation, the first valve 26 may be completely open, partially open, or
completely closed, permitting the outlet stream 19 in the product discharge manifold 18
to receive full input, some input or no input from the first fluid stream. Thus, the first
valve 26 may be manipulated to restrict the flow of the first stream to any degree desired.

Similarly, the second valve 27 may be used on the second fluid line 17 to provide
parametric control of the second fluid stream as it enters the product discharge manifold
18, thus affecting the parameter(s) of the outlet stream 19. In the embodiment shown, the
second valve 27 is used to control the pressure parameter. For example, the second valve
27 may be used to reduce the pressure of the second fluid stream to a desired level to
assure mixing with the first fluid stream. As in the case of the operation of the first valve
26, the second valve 27 may be completely open, partially open or completely closed,
permitting the outlet stream 19 in the production discharge manifold 18 to receive full

input, some input or no input from the second fluid stream. The degree of input from the
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second fluid stream may affect the parameter(s) of the output stream 19. Given that
either the first valve 26 or the second valve 27 may be completely closed, the output
stream 19 may ultimately contain only one of either the first fluid stream or the second
fluid stream.  Although in the embodiment shown the first valve 26 is used to control
temperature and the second valve 27 is used to control pressure, in other embodiments
one or more similar valves may be used to control any parameter of the first and second
fluid streams and the output stream 19 either separately or in combination.

Another embodiment may also include an optional control system 30 comprising
at least one parametric sensing device. The embodiment shown contains an outlet stream
temperature sensor 32 and an outlet stream pressure sensor 34 included in the product
discharge manifold 18 to assist in controlling the parameters of the outlet stream 19. For
example, the outlet stream temperature sensor 32 may measure a temperature of the outlet
stream 19 in, through, at, or upon exit from the product discharge manifold 18.
Information from the outlet stream temperature sensor 32 may then be used in
determining whether a mechanical change to the apparatus 10 is required to change the
temperature of the outlet stream 19 in the product discharge manifold 18. Either of the
valves 26, 27 may then be manipulated to effectuate the desired change. In some cases,
the temperature indication may call for a change in the contribution from the first fluid
stream in the first line 16, and thus call for a manipulation of the first valve 26. In other
cases, a manipulation of the second valve 27 may be required to change the contribution
from the second fluid stream to the output stream 19.

The embodiment shown also comprises outlet stream pressure sensor 34 for
measuring pressure of the outlet stream 19 in, through, at, or upon exit from the product
discharge manifold 18. As such, the outlet stream pressure sensor 34 may indicate a
needed change in fluid flow in the second fluid line 17. For example, it may be desirable
to reduce the pressure of the second fluid stream in the second fluid line 17 to enhance
compatibility with the pressure of the first fluid stream in the first fluid line 16, and thus
enhance, or merely make possible, the mixing of the first and second fluid streams at the
product discharge manifold 18. Furthermore, the use of the first valve 26 with the outlet
stream temperature sensor 32 and the use of the second valve 27 with the outlet stream
pressure sensor 34, either separately or in combination, may be used to provide pressure

control of the fluid streams in each of the first and second lines 16, 17. Such pressure
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control can be used to reduce or minimize flow fluctuations, or flow variances of the
outlet stream 19 exiting the product discharge manifold 18.

Although the outlet stream temperature sensor 32 and the outlet stream pressure
sensor 34 are optional, such sensors 32, 34 may be preferred in many embodiments in
order to provide dynamic or variable parametric control. For example, variable
parametric control may permit one or more particular output demands (with respect to
temperature, pressure or flow rate, e.g.) to be met. Variable parametric control may also
permit a controlled, substantially constant output even if one or more input parameters
(temperature, pressure and/or flow rate) are varied.

In one embodiment, the first valve 26 and the second valve 27 may be operated
manually. In addition, the information obtained from the outlet stream temperature
sensor 32 and the outlet stream pressure sensor 34 may be read manually and interpreted
by a person. The valves 26, 27 may also be manipulated manually based on the human
interpretation of data produced by the sensors 32, 34. However, in the embodiment
shown in the drawing, these activities may be automated by using a temperature
controller 36 and a pressure controller 37. As shown schematically, the temperature
controller 36 may be disposed between the outlet stream temperature sensor 32 and the
first valve 26 to receive input (e.g., a temperature measurement) from the outlet stream
temperature sensor 32, and use that input to control (i.e., open, close, or merely restrict,
more or less) the flow of the first fluid stream through the first valve 26. The temperature
controller 36 may thereby vary the impact that first fluid stream has on the outlet stream
19. Alternatively or additionally, the pressure controller 37 may similarly be used in
connection with the outlet stream pressure sensor 34 and the second valve 27. The
pressure controller 37 may be disposed between the outlet stream pressure senor 34 and
the second valve 27 to receive input (e.g., a pressure measurement), and use that input to
control (i.e., open, close, or merely restrict, more or less) the flow of the second fluid
stream through the second valve 27.

The temperature controller 36 and the pressure controller 37 may be
programmable as by a human or may be interoperative with one or more other parts of a
larger system which may control either one or both of the controllers 36, 37. Although
the embodiment shown depicts the temperature controller 36 as disposed between the
outlet stream temperature sensor 32 and the first valve 26, and the pressure controller 37

disposed between the outlet stream pressure sensor 34 and the second valve 27, the
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controllers 36, 37 may be placed in any location as would be familiar to one of skill in the
art. Thus, either one or both controllers 36, 37 may be inherent in or disposed on one or
the other or both of the respective valves 26, 27. Similarly, either or both controllers 36,
37 may be inherent in or disposed on either one or both of the outlet stream temperature
sensor 32 and the outlet stream pressure sensor 34.

Another embodiment, as shown in the drawing, may comprise a supplemental
heat exchanger 40 for the primary purpose of ensuring a gas flow in the second fluid line
17, particularly downstream of the gas generator 20. The heat exchanger 40 may, as
shown here, include a bypass valve 41, bypass piping 42 and associated bypass inlet valve
43 and bypass outlet valve 45 to control flow in the heat exchanger 40 as would be
generally understood by those of skill in the art. A gas generator temperature sensor 47
may also be included to measure the temperature downstream of both the gas generator
20 and the heat exchanger 40 (as shown here) to determine whether the second fluid
stream in the second fluid line 17 has been adequately converted to the gas phase. If such
conversion is not as desired, the data from the gas generator temperature sensor 47 may
be used to adjust the flow through the heat exchanger 40 to add sufficient heat to change
the second fluid stream to a gas. The flow through the heat exchanger 40 may be
controlled primarily by the bypass valve 41 which may be used to shunt the desired
quantity of the second fluid stream in the second fluid line 17 into the heat exchanger 40.

Although it is not shown, the gas generator temperature sensor 47 may be connected to at
least one controller (not shown) which, in turn, is connected to either the gas generator 20
or heat exchanger 40 (at bypass valve 41), or both, to ensure the desired phase change of
the second fluid stream to a gas. Said at least one controller (not shown) may be inherent
in or on the gas generator 20, or the heat exchanger 40, bypass valve 41 or even on the
gas generator temperature sensor 47.

Alternative embodiments may include those in which one or more of the heat
exchanger 40, gas generator temperature sensor 47, valves 26, 27, sensors 32, 34, or
controllers 36, 37 are not included. An example of an alternative embodiment without
valves 26, 27 may involve first and second fluid lines 16, 17 of controlled sizes (lengths,
diameters and the like). The thinner the line, the more restricted the flow and the smaller
the fluid stream. Thus, in the case where the first fluid line 16 is much thinner than the
second fluid line 17, the parametric impact of the first fluid stream on the second fluid

stream will be minimized. If the first fluid line 16 were sufficiently thin, the outlet
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stream 19 exiting the product discharge manifold 18 may appear like the second fluid
stream, parametrically. More generally however, the relative size ratios of the first and
second fluid streams will impact the parametric control of the outlet stream 19, as
determined by the diameter of the first and second fluid lines 16, 17, respectively.
Similarly, the relative temperature or pressure change of the first fluid stream due to its
length of travel in the first fluid line 16, for example, may contribute to the parameters of
the outlet stream 19 at the product discharge manifold 18. For example, a longer travel
length can expose a fluid stream to: (a) a greater temperature rise (if the ambient
temperature is greater than the fluid boiling point); (b) increased cooling (if the fluid
boiling point is higher than the ambient temperature), or () greater pressure changes (due
to any change of state, e.g., by boiling in the line). In such cases, however, understood
and/or pre-selected line sizes, lengths, diameters, connections and the like can contribute
to the ultimate parametric control of the outlet stream 19, including control of its
temperature. In any case, careful selection of these relative parts can provide for a desired
outlet stream 19 parametric cqntrol, as for example, within a particular range of
temperatures, pressures or volumetric flow rates.

Although a preferred and various optional embodiments have been discussed, the
preferred embodiment may include all of the features already described. More
particularly, with reference to the drawing, the apparatus 10 may include the fluid
container 11 containing fluid 14 at least in the liquid phase 12. Two fluid communication
lines (the first fluid line 16 and the second fluid line 17) may be connected to the fluid
container 11 in a manner to permit both the first fluid line 16 to receive the first fluid
stream substantially in the liquid state and the second fluid line 17 to receive the second
fluid stream substantially in the liquid state. In the preferred embodiment, the first fluid
line 16 conducts the first fluid stream and the second fluid line 17 conducts the second
fluid stream to a connection that defines, or forms, the product discharge manifold 18.
The first fluid stream is combined with the second fluid stream at the product discharge
manifold 18 to produce the outlet stream 19. The gas generator 20 is disposed in the
second fluid line 17 in between the fluid container 11 and the product discharge manifold
18. The gas generator 20 is connected to the heat exchanger 40 and the gas generator
temperature sensor 47 via the second fluid line 17. The gas generator 20, the heat
exchanger 40 and the gas generator temperature sensor 47 operate in the process of

changing the phase of the second fluid stream from liquid to gas, as well as ensure that
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the proper degree of conversion has occurred. In addition, the gas generator temperature
sensor 47 may be connected through a controller (not shown) to either the gas generator
20 or heat exchanger 40 (at bypass valve 41), or both, to ensure the change in phase to a
gas. Inthe preferred embodiment, the second valve 27 may be connected to the second
fluid line 17, disposed between the gas generator temperature sensor 47 and the product
discharge manifold 18, for controlling the flow of the second fluid stream into the product
discharge manifold 18. The first valve 26 may be connected to the first fluid line 16,
disposed between the fluid container 11 and the product discharge manifold 18, for
controlling the flow of the first fluid stream into the product discharge manifold 18. By
controlling the flows of the first and second fluid streams, the first valve 26 and the
second valve 27 may therefore be used to control the mixing of the first and second fluid
streams in the product discharge manifold 18 to produce the outlet stream 19, thereby
controlling at least one parameter of the outlet stream 19. The preferred embodiment
also may include the outlet stream temperature sensor 32 in or adjacent the product
discharge manifold 18. The outlet stream temperature sensor 32 may be connected to the
temperature controller 36 which in turn may be connected to the first valve 26. The
outlet stream temperature sensor 32 may be used to measure the temperature of the outlet
stream 19, such measurement being used by the temperature controller 36 to regulate the
first valve 26, thereby controlling the flow of the first fluid stream into the product
discharge manifold 18. Similarly, the preferred embodiment also may include the outlet
stream pressure sensor 34 in or adjacent the product discharge manifold 18. The outlet
stream pressure sensor 34 may be connected to the pressure controller 37 which in turn
may be connected to the second valve 27. The outlet stream pressure sensor 34 may be
used to measure the pressure of the outlet stream 19, such measurement being used by the
pressure controller 37 to regulate the second valve 27, thereby controlling the flow of the
second fluid stream into the product discharge manifold 18. Controlling the flow of the
first and second fluid streams may be used to provide at least one desired parameter of the
outlet stream 19 exiting the product discharge manifold 18.

It may be noted that connecting both of the first and second fluid lines 16, 17 to
the same fluid container 11 and drawing off fluid 14 at least in the liquid phase 12 for
both the first and second fluid streams may be advantageous in several respects. For
example, better temperature control over the outlet stream 19 may be achieved, because

the outlet stream 19 may not be simply a gas phase at a temperature above the gas-liquid
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phase change temperature point, which may fluctuate depending on pressure and flow
rate. As described above, the outlet stream 19 in gaseous form may include separately or
in combination a gas mixed with a liquid such that the liquid cools the gas, but also a
gas/liquid mixture where the liquid is suspended in the gas, whether vaporized,
colloidally suspended or aerosolized in the gas. In any case, colder temperatures may be
achieved by combining a gas stream with a liquid stream. (Although the liquid stream
may be only a liquid initially, having at some point vaporized, it should still be generally
colder than the primary gas phase stream). Further, the ability to control the temperature
of the outlet stream 19 by mixing a gas phase with a liquid phase may provide for
desirable cooling affects in another system, which may be limited by using only a single
phase -- either a gas only form or a liquid only form -- of an output fluid to cool. The gas
only form may be too hot (relatively), and the liquid only form may be too cold.
Moreover, the advantage of using a cooled gas to cool in an operative system allows
better control over the cooling rate, and consequently overall better system control.
Temperature and flow control can also be improved together when using a cooled gas.
When using liquids to control a system temperature, however, temperature variances
could cause the flow of the liquid to vary in order to cover those variances, and thereby
cause the overall system flow to vary. A controlled temperature gas cooling system can
cover the temperature variances without requiring the same sort of flow variances.

The apparatus 10 and method of the present invention also may minimize energy
usage, as well as minimizing liquid pressure used in mixing with the gas. For example,
the present invention eliminates the need to use two separate containers (not shown), with
one containing a fluid in gaseous form and another containing a fluid in liquid form,
drawing from the two containers and subsequently mixing the liquid form with the gas
form to produce a gaseous product. A two-container system doubles the required
inventory and creates operational size problems, as two containers may generally take up
twice the space. On the other hand, a single tank containing both a liquid and a separate
gas phase may require producing an unacceptably high liquid pressure in order to obtain
the gas pressure necessary for mixing to occur. For example, if a fluid were drawn off a
single container in two separate liquid and gas phases, the pressure of the gas and liquid
should be similar and allow for mixing; however, if a cryogenic fluid were used, the
cryogenic fluid in the liquid phase would boil in the line and vaporize, creating an

increased pressure in the line, preventing it from mixing with the gas phase drawn off in
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the other line at the container pressure. Thus, the apparatus 10 of the present invention
supplied with cryogenic fluid (or others) may have a desirable effect of minimizing liquid
coolant pressure.

The foregoing description has been presented for purposes of illustration and
description of the present invention. It is not intended to be exhaustive or to limit the
invention to the precise embodiments disclosed. Having herein set forth various
embodiments of the present invention, it is anticipated that modifications and variations
will naturally occur to those of skill in the art after becoming familiar with the present
invention. It is anticipated that such suitable modifications will nonetheless remain
within the scope of the invention. The invention shall therefore be construed in

accordance with the following claims.
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Lclaim:

1. An outlet stream production apparatus comprising:

a fluid container containing fluid in substantially a liquid state;

a gas generator having an inlet end and an outlet end, the inlet end of said gas
generator being connected to said fluid container;

a first fluid line having an inlet end and an outlet end, the inlet end of said first
fluid line being connected to said fluid container;

a first valve having an inlet end and an outlet end, the inlet end of said first valve
being connected to the outlet end of said first fluid line;

a second valve having an inlet end and an outlet end, the inlet end of said second
valve being connected to the outlet end of said gas generator; and

a product discharge manifold having a first inlet, a second inlet and an outlet, said
first inlet being connected to the outlet end of said first valve, said second inlet being
connect to the outlet end of said second valve, and said first and second valves being

operable to control at least one parameter of an outlet stream produced at said product

discharge manifold.

2. The apparatus of claim 1 wherein said fluid is cryogenic fluid.

3. The apparatus of claim 1 wherein said at least one parameter is
temperature.

4. The apparatus of claim 1 wherein said at least one parameter is selected

from the group consisting of temperature, pressure and flow rate.

5. The apparatus of claim 1 wherein said outlet stream is selected from the
group consisting of a gas, a gas/liquid mixture, a vapor, a vaporized liquid and gas

mixture, a colloidal suspension in gas, and an aerosolized suspension of liquid in gas.

6. The apparatus of claim 1 wherein said gas generator further comprises a

heat exchanger interposed between the inlet and outlet ends of said gas generator.



WO 2006/044629 PCT/US2005/036977

10

15

20

25

30

14
7. The apparatus of claim 1 further comprising a heat exchanger interposed

between the outlet end of said gas generator and the inlet end of said second valve.

8. The apparatus of claim 6 further comprising a supplemental heat
exchanger disposed between the outlet end of said gas generator and the inlet end of said

second valve.

9. The apparatus of claim 1 further comprising a gas generator temperature
sensor interposed between the outlet end of said gas generator and the inlet end of said
second valve, wherein said gas generator temperature sensor is operatively associated

with said gas generator.

10.  Theapparatus of claim 1 further comprising an outlet stream temperature
sensor measuring a temperature of said outlet stream at said product discharge manifold

and operatively associated with said first valve.

11.  The apparatus of claim 1 further comprising an outlet stream pressure
sensor measuring a pressure of said outlet stream at said product discharge manifold and

operatively associated with said second valve.

12.  The apparatus of claim 10 further comprising an outlet stream pressure
sensor measuring a pressure of said outlet stream at said product discharge manifold and

operatively associated with said second valve.

13.  The apparatus of claim 10 wherein said outlet stream temperature sensor is
operatively associated with said first valve via a temperature controller interposed

between said temperature sensor and said first valve.

14.  The apparatus of claim 11 wherein said outlet stream pressure sensor is
operatively associated with said second valve via a pressure controller interposed between

said pressure sensor and said second valve.
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15.  The apparatus of claim 1 wherein said gas generator is a high-pressure gas

supply system.

16. A gaseous fluid production apparatus comprising:

a fluid container containing fluid in substantially a liquid state;

a first fluid line having an inlet end and an outlet end, the inlet end of said first
fluid line being connected to said fluid container so that said first fluid line receives fluid
substantially in the liquid state, said fluid being a first fluid stream;

a gas generator having an inlet end and an outlet end, the inlet end of said gas
generator being connected to said fluid container so that said gas generator receives fluid
substantially in the liquid state, said fluid being a second fluid stream;

a product discharge manifold having a first inlet, a second inlet and an outlet, said
first inlet being connected to the outlet end of said first fluid line and said second inlet
being connected to the outlet end of said gas generator;

a first control means interposed between the outlet end of said first fluid line and
the first inlet of said product discharge manifold, said first control means for controlling
at least one parameter of said first fluid stream; and

a second control means interposed between the outlet end of said gas generator
and the second inlet of said product discharge manifold, said second control means for

controlling at least one parameter of said second fluid stream.

17. A method of producing a gaseous fluid product, comprising:

supplying a first fluid stream substantially in a liquid state from a single fluid
source;

supplying a second fluid stream substantially in a liquid state from said single
fluid source;

vaporizing at least a portion of said second fluid stream to form a gaseous fluid;

varying a flow rate of at least one of said first and second fluid streams; and

combining said first fluid stream and said second fluid stream to produce the
gaseous fluid product, said varying affecting at least one parameter of said gaseous fluid

product.
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18.  The method of claim 17 further comprising measuring at least one

parameter of said gaseous fluid product.

19.  The method of claim 17 wherein said at least one parameter is selected

from the group consisting of temperature, pressure and flow rate.

20.  The method of claim 18 wherein said measuring occurs prior to said

varying.

21.  The method of claim 19 wherein said single fluid source comprises

cryogenic fluid.

22. A method for controlling a parameter of a gaseous fluid product
comprising:

removing two discrete streams of liquid-phase material from a single source, said
two discrete streams forming a first stream and a second stream;

passing said first stream through a first line having a first valve;

passing said second stream through a second line having a gas generator and a
second valve;

using said gas generator to vaporize at least a portion of said second stream
forming a gaseous product;

using said first valve to control at least one parameter of said first stream;

using said second valve to control at least one parameter of said second stream;
and

mixing said first stream and said second stream to produce the gaseous fluid

product having at least one desired parameter.

23.  The niethod of claim 22 wherein said at least one desired parameter is a

temperature within a range of temperatures.

24.  The method of claim 23 wherein said range of temperatures is in between
about a boiling temperature of said gaseous fluid product and about an ambient

temperature.
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25. A fluid production apparatus comprising:

a fluid container containing a fluid in at least a liquid phase;

a gas generator having an inlet end and an outlet end, the inlet end of said gas
generator being connected to said fluid container so that said gas generator receives fluid

5 substantially in the liquid state and converts said fluid substantially into vapor;

a first fluid line having an inlet end and an outlet end, the inlet end of said first
fluid line being connected to said fluid container so that said first fluid line receives fluid
substantially in the liquid state, the outlet end of said first fluid line being fluidly

connected to the outlet end of said gas generator defining a fluid product outlet.
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