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ENHANCED PARALLEL PATH NEBULIZER WITH A LARGE RANGE OF FLOW RATES

ABSTRACT

A system and process for atomizing ligquids at an 1interface
between the liguld and an amblent gas o©or alr 1s provided. The
svstem includes the steps of providing a gas streamp 1n close
oproximity to the ligquid, having a gas orifice shaped so that tne
liguid 1s 1nduced to extend past the slower moving gas at the outer
edge of the gas stream to a faster, more central portion of the gas
stream, being broken up into aeroscol particles, and atomizing the
liguid 1into a gaseous medium as a fine, highly consistent and
uniform dispersion. This system and method <¢an significantly
improve the aerosol and 1ncrease the range of liquid flow rates over

which nebulizers operate.
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ENHANCED PARALLEL PATH NEBULIZER WITH A LARGE RANGE OF FLOW RATES

ABSTRACT

A system and process for atomizing liquids at an interface

between a 1liquid and a gas stream 1s provided. The system

F

includes the steps of providing a gas stream in close proximity to

the 1liquid, said gas stream having an 1nner region of higher
velocity flow, and providing an interface between the gas stream
and the 1liquid so that the liquid 1s induced to extend past the
slower moving gas at the outer edge of the gas stream to the
faster region of the gas stream, being broken up 1i1ntoc aerosol
particles, and atcomizing the liguid 1into a gaseous medlum as a
fine, highly consistent and uniform dispersion. This system and
method can significantly 1improve the aerosol and 1increase the

range of liquid flow rates over which nebulizers operate.

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

This 1nvention provides an improved method and system of
atomizing liquids with a gas stream that produces a larger portion
of tiny droplets than previous designs and operates over very

large ranges of liquid flow rates.

DESCRIPTION OF PRIOR ART

Many methods and apparatus are known for atomizing liquids.
Parallel path nebulizers have Dbeen used extensively for
Inductively Coupled Plasma Spectrometer (ICP) sample 1ntroduction.

The parallel path nebulizer i1is disclosed 1n Canadian Patent No.

2,112,093 to Burgener and 1n U.S. Patent ©No. 5,411,208 to
Burgener. This nebulizing process and device lndependently brings
the gas and ligquid flow together with a gas orifice on or near the

edge o©f the liquid path with the gas o¢rifice being much smaller

than the area of the ligquid path. Liquid is supplied through a
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constrained ligquid passage and gas 1s supplied to a gas supply

passage. A ligquid exit area and a gas orifice are positioned soO
that the liquid is delivered closely enough to be drawn 1into the

gas stream. The nebulizer atomizes liquids directly from the

AL

surface of a body of 1ligquid, using 1nduction and the surface

tension of a liquid to draw the liguid into the gas stream.

Liguid exit areas and gas orifice configurations for
conventional parallel path nebulizers are positioned 1nside of the
ligquid passage, or on the edge of the liquid passage, or Jjust
outside of the liquid passage.

The present commercially produced parallel path nebulizers

are not able to work for flocws of 0.1 ml/min or lower. Typilcal

parallel path nebulizers are operated at 1 to 2 ml/min liquid flow

rates, with 0.5 to 2 liter/minute of gas flow. Improvements 1n

spectrometers have led to a need for improved atomization and a

large range 1in 1liquid flow rates. Spectrometers benefit from
atomization of liguids into wvery tiny droplets, ideally with the
majority being 10 micron diameter or less. Smaller droplets

produce better spectrometer results. Inductively Coupled Plasma

Mass Spectrometers (ICP/MS) require flow rates of 0.1 to 0.>

ml/min. Combining ICP spectrometers with other analytical

methods, such as chromatography and capillary electrophoresis, has

+a

created requirements from 0.1 ml/min liquid

_—

flow down to 0.001

ml/min or lower.

Other applications have led to the requirement  for
nebulizers to be able to run higher flow rates. Several
industrial processes have required the advantages of the non-
plugging parallel path design, in the range of 20 to 100 ml/min.
Other processes in development are designed to provide many liters

per minute capability.

It is desirable to have a single device capable of atomizing

ligquids over a large range of flow rates. Some concentric

nebulizers have a larger working range of flows than the
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conventional parallel path method and designs. In U.S. Patent No.

6,106,379 to Montaser et al., a device 1s disclosed that handles 1
to 100 microliters/minute ligquid flows. However concentric
nebulizers for spectrometers have been found to easily plug and
break, and commonly have severe salting problems. Most nebulizer

designs are typically limited 1n the flow rates, and usually have

a specific best flow for a narrow range. For most analytical

nebulizers, the manufacturers usually have different models for

each flow range. For instance, one concentric nebulizer

F

manufacturer has 5 models, one for each flow range of 20uL/min,

50puL/min, 100pL/min, 400uL/min and 2 ml/min.

It would be preferable for the user to be able to have one

nebulizer that provides excellent atomization, runs all of the

e

desired ranges so that they can change the sample flow rates
without having to change the nebulizer and that 1s as resistant to
plugging and salting as the conventional parallel path method anad

devices.

BRIEF SUMMARY OF THE INVENTION
The embodiments of the present invention are directed to
nebulizing methods and systems that produce 1improved atomlzation

'H

with a larger portion of small droplets than a conventional

parallel path method and system. The present 1invention utilizes

one nebulizing device that operates for a very large range of

liguid flow rates, so that the sample flow rates can be easily

changed within the nebulizing system. It 1s therefore an object

of the present invention to provide an enhancement to the parallel

path methods and systems o¢f dispersing 1ligqulds 1n a gaseous

medium. More particularly, the present 1nvention provides

atomization in a uniform liguid spray of very small liquid drops

for a large range of liquid flow rates. Furthermore, atomizing
devices are provided which are able to operate at very low liqgquid

flow rates and other, similar but larger, devices are able to

SRR =
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operate at very high liquid flow rates. The systems and methods
also allow designs for such nebulizers to be able to Dbe
manufactured with minimal effort, and with minimal parts.

The conventional parallel path methods and systems utilize

the induction of liquids 1into a gas stream from an orifice, with

the feature of a simple, though unique, method of delivering the

liguid to the gas orifice. The present 1nvention provides an

enhancement which is derived from having the liquid 1nteract with

F

the gas stream’s higher veloclity flow 1n the inner part of the gas

stream. The conventional parallel path system allows for the

usage of any material, regardless of 1its ability to wet; to be

able to work in any orientation; to have unrestricted flow 1n the

liquid path which prevents plugging; and to prevent the alignment

of the gas and liquid passages from being critical. The present

invention allows all of the features of the conventional parallel

path methods and systems and also enables the liquid flow rates to

vary over a much larger range; allows the liquid exit area to be
any size relative to the gas orifice; and produces smaller
droplets 1n the mist.

The present invention provides a process for atomizing
liquids at an interface between the liquid and a gas stream. The

present method comprises the steps of providing: a gas stream 1n

close proximity to the liquid, having an interface between the gas

stream and the ligquid so that the ligquid 1s 1nduced to extend past

the slower moving gas at the outer edge of the gas stream to a

¥

faster, more central portion of the gas stream, being broken up

into aerosol particles, and atomizing the liquid 1into a gaseous

medium as a fine, highly consistent and uniform dispersion.
A nebulizing device according to an embodiment of the

present invention comprises a liquid passage, a gas and liquid

interface, and a gas passage. The interface 1s the critical part.

The interface shall be for directing the liquid flow between

the liquid passage and the gas passage, and to enable the liquid

-4 —
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P

and gas interaction to occur 1in a faster more central portion of

grw

the gas stream rather than the slower outer portion of the gas

stream. The interface may comprise a wall between the liquid

passage and the gas passage that 1s shaped at the gas orifice 1in

the form of a spout with the wide part extending towards the

liguid and the small part extending towards the gas. Other forms

of an interface may be a spout or shaped object not attached to

the wall between the gas passage and the liquid passage but still

directing the liquid into the nigher velocility portion of the gas

stream. The interface can work through the liquid wetting the

interface and traveling along the interface 1nto the gas stream

througn capillary action on the surface. For non wettiling

” P
—

materials, the interface can use the surface tension effects of

p—

the liguid to direct the liquid to travel between portions of the

interface. It 1is generally easier to work with wetable materials
as the interface 1s easier to design. Very simple 1nterfaces such

as the tip of a pin extending into the gas stream may be all that

is required for wetable materials. With non wetable materials one
usually requires precise shaping of the interface according to the
nature of the material and the liquids and how they interact.

The liquid passage delivers a liquid to an exit area of said

nebulizer. If a liquid is allowed accumulate slowly on the tip of

an object such as an eye dropper, the diameter of the drop just

before it drips off the tip can be referred to as the diameter of

a free drop. If the Liquid passage and liquid exlt area are
smaller than the diameter of a free drop of the ligquild then the

ligquid will fill the exit area simply from surface tension effects

and the orientation of the device 1is not important. If the liquid

—
ol

exit area 1is larger than the diameter of a free drop, then the

orientation and flow rates are important as the liquid can flow
out of the exit area without coming into contact with the gas and

liguid interface unless properly orientated or unless there 1s a

high enough flow rate so that the liquid fills the exit area.

-5
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The gas passage supplies a gas stream to a gas orifice

thereof, said gas orifice placed 1n close proximity to said exit

——

area so that the spout of the interface shall extend into the gas

passage.

Other aspects, features and advantages of the present

invention are disclosed 1n the detailed description that follows.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The invention will be more fully understood by reference to

the following detailed description of the i1nvention 1n conjunction

P

with the drawlings, of which:

Fig. 1 illustrates flow rate zones of a gas or liquid fluid

1ln a passage;

-t

Fig. 2 illustrates a graph of fluid flow velocity along a
passage;

Figs. 3A-3F illustrate distortions to a circular gas passage

according to embodiments of the present 1invention;

Figs. 4A-4D illustrate spouts and distortions for circular

gas passages according to embodiments of the present i1nvention;

Fig. 5 illustrates a spout and distortion for an elliptical

gas passage according to an embodiment of the present 1nventilon;

Fig. ©6 illustrates a spout and distortion for a rectangular
gas passage according to an embodiment of the present i1nvention;

Figs. 7,8,9 illustrate spouts and distortions of gas

passages utilizing extensions at the crescent ends similar 1n

shape to the spikes on the heads of some trilobites according to

P

embodiments of the present invention;

Figs. 10A-10D illustrate various sized liquid passages for

J—

gas liquid interfaces according to embodiments of the present

invention;
Fig. 11 illustrates a cross section of a nebulizing device
having a circular shaped gas orifice with a minimal distortion

according to an embodiment of the present invention;
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Fig. 12 illustrates a cross section of a nebulizing device
having a circular shaped gas orifice with a larger spout and
distortion according to an embodiment of the present i1nvention;

H

Fig. 13 1illustrates a cross section of a nebulizing device

having a separate object providing the 1interface between the
liquid and the gas stream rather than utilizing the gas orifice or

the wall between the gas and ligquid passages.

Fig. 14 illustrates a cross section of a nebulizing device

having a spout extending 1into a gas stream according to an

-~

embodiment of the present invention;

Fig. 15 illustrates a cross section of a nebulizing device

ﬁ

according to one embodiment of the present i1nvention;

Fig. 16 illustrates a cross section of a nebullizing device
according to another embodiment of the present i1nvention; and

Fig. 17 illustrates a nebulizling device utililizing 1ntegrated

circuit technology according to one embodiment of the present

invention.

Fig. 18 illustrates a nebulizing device according to another

embodiment of the present 1nvention; and

Fig. 19 illustrates a nebulizing device as shown 1n figure

16 with attached liguid supply and gas supply.

DETAILED DESCRIPTION OF THE INVENTION

According to embodiments of the present invention, enhanced

parallel path nebulizing systems and methods are provided such

that an interface between a gas orifice and a liquid exit area 1s

.

provided to direct the liquid flow to the center of the gas

stream. Fig. 1 illustrates an example of a cross section showing

flow rate zones in a circular cross section fluid passage. The

flow zones are shown as five concentric regions V, W, X, Y and 72,

progressing from the outer most region V to the inner most region

b

Z . A graph of the relative velocity at each of these regions

within the flow zone is shown in Fig. 2. Fluid flow 1n a passage

iy
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.

follows Poiseuille's Law forming a parabolic flow pattern for the

relative velocity distribution of a fluid flow (either gas or

g

liquid). The gas or ligquid 1in region V nearest to the wall of the

passage shown is moving at 0 tc 1/3 of the average velocity. The

F

fluid in region W, which 1s closer to the center of the flow zone,

increases in the fluid movement between 1/3 to 2/3 of the average

velocity. In region X, the fluid movement further 1ncreases

between 2/3 to the average velocity. The fluid movement further

increases 1in region Y between 1 to 1.75 of the average velocity.

In the inner most region, region Z, the flulid movement 1ncreases

even more to between 1.75 and 2 times the average fluid flow. The

parabolic line provides a '"best fit 1line"™ for the calculated

o

values of these relative velocities. The 1nteraction between gas

and liguid in conventional circular gas orifice designs occurs 1n

region V. Preferably, regior Z is the area that interaction with

the liguid is desired. However, a significant enhancement to the
ligquid interaction is still achieved 1in region Y 1n comparison to

interactions in regions V and W. The embodiments of the present

invention are directed to utilizing the increased fluid movement

of the inner regions of the flow zone so that a fine, highly

consistent and uniformly mist results.

gt
——

Parabolic flow in a gas stream causes the outside portion of

a gas stream to flow slowly, and the center to flow rapidly. With

a properly shaped gas orifice, the liquid can be brought 1into

F

contact with a faster moving portion of the gas stream and

accordingly be imparted with significantly more energy by the gas
stream. This causes the liquid to break up into smaller particles
than otherwise would be possible. With the addition of a small

spout into the gas stream, liquid flows are 1ntroduced 1into the

gas stream in the fastest portion of the gas stream, causing even

very low flows to be impacted with the highest energy possible,

and enabling very low flows to be atomized. With the center

portion of a gas stream moving at approximately three times the

-8
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speed or more of the outer 20% of the gas stream, the energy
imparted 1s the square of the velocity or nine times oOr more what
the ligquid would receive 1f reacting with the outer portion of the

gas stream. With the system and method according to the

embodiments of the present i1nvention, induction of the ligquid into

the gas stream may not be as significant in producing atomization

as the direct transfer of energy from the gas stream to the
liguid.
This can significantly i1improve the aerosol and 1ncrease the

F

range of liquid flow rates over which the nebulizer works. With

properly shaped gas and liquid 1interfaces, the parallel path

system and method can be extended to 1include very large and very

tiny liguid flow rates in a single nebullzing device. Very large

diameter liguid passages can be used 1f the liquid flow rate 1s

sufficient to maintain a reasonably constant ligquid level near the
gas orifice. Also, miniature nebulizers and micro-nebulizers can
be made with extrusion methods and microchip techniques. With
this system and method according to the embodiments of the present

invention, there may not be any limits to size of nebulizers

possible, nor any limits to liquid flow rates for atomization.
Conventional parallel path nebulizers for analytical usage

have been produced with a simple, round gas passage and orifice.

This has provided nebulizers that were difficult to plug, as

intended, but the 1liguid sample flow ranges were generally

limited, and usually were required to be 1.5 ml/min to 2 ml/min.

Their maximum range was in the 0.5 to 2.5 ml/min range. Below 0.5
ml/min, the nebulizers usually would provide poor oOr no
atomization. When the flow range rises above 2.5 ml/min, the

nebulizing devices typically begin to "spit".

In attempts to produce lower liquid flow rates, smaller

liquid capillaries were tried. This was successful, but 1t was

difficult to machine the smaller capillaries. With the usage of

multilumen extruded Polytetrafluoroethylene (PTFE) or Teflon"

-0
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'*

tubing (Teflon 1is a trademark of DuPont) press fit 1into larger

bodies, very small capillaries became possible for enabling lower

liguid flow rates. This design also led to providing for the

F

capability of working with the gas orifice shape, and led to the

P

development of shapes that enhanced the quality of the mist and

expanded the range of flow rates. This 1improved shaping of the

gas orifice and liquid interface was then successfully applied to

larger nebulizers, for enabling simple, large liquid flow rate,
and non-plugging nebulizers to be produced.

The parallel path method as described 1n U.S. Patent No.

5,411,208 to Burgener lists the gas orifice as belng able to be

just inside the liquid passage, on the edge or 7just outsilde the

gr—

ligquid passage. 1In practice, the location of the gas orifice has

r*

little effect on the quality of the mist as 1long as the gas

orifice 1s close enough to the liguid passage to contact the

liguid and begin interacting with the liquid. The actual

-

distances from the 1liguid passage depend on the material used.

The parallel path method enables devices to be made with non-

ﬂ
p—

wetting materials such as Teflon® (Teflon 1is a trademark of

DuPont), but they also work well with wetting materials such as

glass, metals and plastics. If the material 1s non-wetting, the

gas orifice needs to be closer to the liquild passage than 1f the
material is wetable. With a wetable material, the liquid spreads
out from the ligquid passage in all directions for a while Dbefore
forming drops, and if the gas orifice i1s within this range, the

liguid will make contact with the gas stream, and be drawn 1nto

the gas stream, and will form a path to the gas stream maintalning

contact and flow from the ligquid passage to the gas stream.

S

From observations of the liguid and gas interaction under a

microscope, 1t 1s apparent that the liquid interacts with the

outside edges of the gas stream and the portion with which 1t

first comes 1nto contact. Depending on ligquid flow rates, gas

flow rates and types of liquid, the ligquid can 1n some 1nstances

~10 =
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be seen to flow up the gas stream for a short distance before

beginning to break up into small droplets. The distance 1s tiny,

i

on the order of the diameter of the gas orifice. However, 1t

clearly indicates that the gas and liquid 1nteraction 1s

essentially occurring on the outer portion of the gas stream.

Wnhnen the liquid droplets have begun to spread into the rest

of the gas stream, the gas stream has already begun to spread and

slow. Typically a gas stream will spread out at a 15 degree angle

to about double the diameter of the gas orifice after moving 3.73

diameters away from the gas crifice. At double the diameter, the

— -

cross section of the gas stream 1s 4 times the area of the gas

ﬁ

orifice, and the gas stream velocities are approaching 1/4 of the

F

speed at the orifice. As the liquid interacts with the outside of

the gas stream and rises up 1in the gas stream for a distance

before interacting with the central portions of the gas stream,

the enerqgy of the gas stream imparted to the liquid 1s minimal.

grr.

If the liquid can be enabled to interact with the center of the

—

gas stream where the energy levels of the gas stream are much

higher, the liquid will be broken into much smailer droplets or

into a higher proportion of smaller droplets than otherwise
possible. There are many ways to direct the liquid 1into the gas
stream. One of the simplest methods of achieving this 1s to
squeeze or distort the gas orifice to produce a lip or spout on
the wall between the gas orifice and the liquid.

The gas passage can be of any cross section, and does not

need to be circular. The effect of drag along the i1nner walls of

a gas passage 1is similar regardless of the shape of the cross

section of the passage. For simplification of the process

described here, circular cross sections will often be used 1n the

discussions that follow. However, any shape of gas passage Cross
section may be used. The criteria of importance for the passage

cross section are: that the gas flow be laminar (non-turbulent);

-17 ~
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and that the gas passage be straight, tapered, or expandling

smoothly so that the gas flow remalns laminar.

A tapered gas passage will achieve some of the effect, as

" b

the slower portion of the gas flow will be somewhat blocked by the

5 tapered portion of the gas passage, allowing the faster moving
portion to continue with minimal blocking, so that the gas exiting

at the orifice 1is moving faster than what would occur 1n a

straight passage. However, the benefit of tapering 1s small
compared to the benefits of a passage with a shaped orifice. The
10 drag due to the taper is extensive, and the gas exiting still

follows Poiseuille’s Laws with a slow portion at the outside of
the gas flow and a faster portion at the center. The drag due to

a properly shaped orifice and spout is very tiny and causes little

loss of energy to the gas flow. Shaping an orifice to deliver the

15 liquid to the fastest portion of the gas flow works well for any
shape passage (expanded, tapered, curving, 1rregular or straight)

as long as the passage has higher velocity gas 1n the center.

From Poiseuille’s Law of fluid flow 1n capillaries (for non-

turbulent fluid flows), gas flow follows a parabolic velocity

-
p—

20 distribution across the capillary. The gas flow at the edges of a

capillary 1is moving very slowly, essentially at zero velocity.

The gas flow in the center moves at twice the average flow rates.

The formula 1s V(r) = P (a% - rz)/éan, where V(r) 1s the velocity

' amad

at radius r, P is the pressure, a 1is the radius of the capillary,

25 L is the length of the capillary and n 1s the viscosity. The
velocity distribution goes from 0 at the edges to twilce the
average veloclity at the center. The first 20% of the distance
from the edge to the center has velocities less than 1/3 the
velocity of the gas at the center. With a parabolic distribution,

30 the velocity is near maximum for a large region near the center.

Fnergy is related to the square of the velocity (E=1/2 mv®) . For

instance, an increase of three times the velocity results 1n an

P

increase of nine times the energy. Accordingly, 1t 1s of very

-12 -
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significant advantage to be able to have the liquid interact wilth
the central portion of a gas stream rather than with the outside
edge.

Note that Poiseuille’s Law applies for capillaries much

~luid

P
pre—

larger in cross section than the mean free path of the

Bl

molecules. As the cross sections of the capillariles decrease, the

flow at the edges increases 1n veloclity and the flow at the center

decreases relative to the average flow rates. For capillary cross

sections less than 100 times the mean free path of the molecules,

the flow patterns are more accurately described by A. Beskok and

G. E. Karniadakis, Models and Scaling Laws for Rarefied Internal

Gas Flows Including Separation, presented at the 48"  Annual

Meeting of the American Physical Soclety Division of Fluild

dynamics, Irvine, CA, 19-21 Nov. 1995. This flow model shows the

effects of very small capillaries and rarified gases on velocity

distriputions. As the mean free path becomes larger compared toO

the diameter of the capillary cross section, the gas at the edges
begins to move faster and the gas 1n the center moves slower
relative to the average velocity, and eventually approaches a
constant velocity across the capillary. With gases running 1in the
50 - 100 nanometer (107 m) range for their mean free path at
atmospheric pressure and room temperatures, caplllary cross
sections would have to be in the order of 107" m (107> cm or 4X107°
inches) in diameter before the advantages of this parallel path
enhancement significantly decreases. The parallel path system
still works with such very tiny capillaries, but the present
enhanced parallel path system does not realize significant
advantageous enhancements for such very tiny caplllaries as with
larger capillaries.

With a gas orifice the same shape as the gas passage, the

liquid interacts with the outside of the gas stream, and receives

minimal enerqgy from the gas stream. With the gas orifice shaped

properly, the 1ligquid can be directed past the slower moving

-1 3~-
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outside of the gas stream into the faster moving central portion
of the gas stream. Any change 1n shape will cause turbulence 1n
the gas stream, and decreases the gas velocities. However, with a

minimal, smooth interface between the gas passage and the orifice,

the turbulence will be minimal and advantageous enhancements will

be achileved.

pr—

The shape of the gas orifice on a circular passage can be as

simple as a half moon shape and a crescent shape, or more complex
such as a “teapot’s spout” shape. With the main advantages gained
by introducing the liquid at Just 20% of the radius of the

capillary cross section 1nto the gas stream, the shape change at

the orifice can be small and still have a large advantage. For

P
s

instance, for a capillary cross section that 1s 10 thousandths ot

e
oy

an inch in diameter, 20% of the radius 1s 1 thousandth of an inch.

An indentation of 4 to © thousandths would carry the liquid to the

F

fastest portion of the gas stream, but even an 1ndentation 1in the

g—_v

orifice of 1 thousandth of an inch 1s sufficient to signifilcantly

increase the energy imparted to the liquild.

Figs. 3A-3F illustrate embodiments of the present 1nvention

which distort a circular gas orifice for a circular gas passage 1n

p

achieving the improved dispersion of ligquids 1nto a gasecus medium

over a large range of liquid flow rates. In Fig. 3A, a Cross-

section of the fluid flow zones for a c¢ircular orifice 1s shown.
Minor distortion R; of the orifice sufficiently bypasses the two

slowest moving fluid flow regions V and W. Accordingly, the fluid

is directed to flow into the faster moving regions X, Y and 4,

which improves the dispersion of the fluid. In Fig. 3B, an

orifice is provided with a greater distortion R; of the orifice

for sufficiently bypassing the three slowest regions of the fluid

flow, regions V, W, and X. Here, the fluid flow 1s 1improved even
more than realized by the orifice of Fig. 3A because the fluid

flows only in the two fastest moving regions Y and Z. In Fig. 3C,

the fluid flow 1s improved even more by increasing the distortion

-1 4~
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Ry to bypass regions V, W, X, and Y so that the fluid flows only

in the fastest moving area, region Z.

The designs of orifices shown i1n Figs. 3D, 3E, and 3F are

all effective in improving the gas and liquid interaction by

bringing the ligquid to the faster portions of the fluid flow 1n

the flow zone. The crescent shaped distortions of the cilrcular

shaped orifices in Figs. 3E and 3F still deliver the liquid to a

gas flow area near the average speeds so 1t 1s still effective 1in

improving the gas and liquid interaction. In practice, the

]

OY]

“ices of Figs. 3C, 3D, and 3E are the most effectilive and are

easiest to produce.

P

Figs. 4A-4D 1illustrate spouts and distortions of circular

gas orifices according to embodiments of the present 1invention.

In Fig. 4A, minor distortion R; of an orifice 1s sufficient to

bypass the two slowest moving regions V, and W so that the gas

flows 1in the faster regions X, Y and Z. A spout S; 1s also

H

provided that reaches 1into the fastest moving portion of the gas

-t

flow, region Z, for 1improving the dispersion of 1liquids 1n a

gaseous medium. Greater distortion R, of an orifice 1s shown 1n

Fig. 4B for bypassing the three slowest moving regions V, W, and X

so that the gas flows 1in the two fastest regions Y and Z. A spout

S, 1s also provided so that tne gas can reach 1nto the fastest

moving portion, region Z, of the gas stream. Similarly, orifices

of Figs. 4C and 4D have greater distortion Rz and R; and spouts 53

and S,;, respectively, for bringing the 1liquid to the fastest

regions of the flow zone.

Fig. 5 1llustrates another embodiment of the present

invention for an elliptical gas orifice. Distortion R; and spout

S, are provided for this elliptical gas orifice for bringing the

liguid to the faster regions of the flow zone.

Fig. 6 1illustrates a rectangular gas orifice according to

another embodiment of the present 1nvention. Simlilar to the

p——

elliptical orifice, distortion R; and spout S; are provided for

-15-=
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g
pr—

bringing the liquid to the faster regions of the flow zone. In

b

F
=

each of the <circular, elliptical and rectangular orifice

|

variations, the liquid flow 1s delilvered to the faster regions of

the gas flow to achieve about the same 1mprovement for the liquid

dispersion. However, for high flows, the circular gas orifice

with the distortion R; shown 1n Fig. 4D provides the best overall

performance across high and low flows 1n a single nebulizing

device.

p— 1

Figs. 7,8, and 9 1llustrate gas orifices having spikes

similar 1in shape to spikes on the heads of some trilobites

according to further embodiments of the present 1invention. The

ﬁ

"trilooite spikes" cause some portions of the gas to flow away

from the gas orifice and create a barrier to the ligquid fiow. As

a result, the build up of droplets on the edge of the orifice 1is

reduced which prevents spitting of such droplets. In Fig. 7, an

orifice having trilobite spikes T, 1includes distortion R; and

g

spout S; in a similar design to the circular orifice of Fig. 4D.

P

The respective orifices having trilobite spikes T, and T3 of Figs.

8 and 9 further sqgqueeze the orifices by providing distortion Ry

and Ri, and spouts S; and S;. Each of these embodiments produces

similar atomilzation results. In practice, the orifices of Figs.

7, 8, and 9 are minor modifications of the orifice shapes shown 1in
Figs. 4A-4D. They are easily produced by simply adding the spikes
to the orifice shapes of Figs. 4A-4D. Simlilar spikes should be as
effective for shaped orifices on non-circular passages.

Figs. 10A, 10B, 10C, and 10D 1llustrate designs of the gas

orifice and liguid exit areas according to embodiments of the

present invention. In Figs. 10A-10D, gas orifices are provided 1n

a similar shape as described in Fig. 7 with ligqulid passages tied

into spouts of the gas orifices. In the embodiment 1llustrated 1n
Fig. 10A, a liquid exit area C, 1s provided that 1s much smaller

than the gas orifice F;. The liquid exit area C; 1s tied 1nto a

spout S; of the gas orifice F;. Fig. 10B illustrates a liquid exit

-1 6-
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area C, that 1is similar in size to a gas orifice F. The liqguid

exit area C, 1is tied into a spout S, of the gas orifice F,. In the
embodiment illustrated in Fig. 10C, a 1liquid exit area C3 1s
provided that 1s slightly larger than a gas orifice Fj. The

F

liguid exit area C;3 is tied i1nto a spout S3 of the gas orifice Fj.

In the embodiment 1llustrated in Fig. 10D, a liquid exit area (4

is provided that is very much larger than a gas orifice Fy;. The

ﬁ-

liguid exit area C4 is tied 1into a spout S; of the gas orifice Fy.

Figs. 10A-10D show that the surface tension of the 1liquid, the

p—

wetability of the device material, the flow rate of the liquid and

the rate and pressure of the gas flow are much less 1mportant

factors 1in this design than 1in the conventlional parallel path

method. However, orientation may be important 1f the liquid

passage and exit area are larger than the free drop size of the

liguid. The configuration of the gas and 1liquid 1interface

determines the ability of the system to produce the desired

F“

atomlzation. The size and shape of the liquid passage and exit

area for the liquid body 1s not 1important. The gas and liquid

interaction only depends on the gas and liquid 1interface shape,

the gas flow rates, the liquid flow rates, and the ability of the

liguid to provide a steady flow to the gas orifice and gas stream.

Fig. 11 illustrates a detailed cross section showing the gas
and 1liquid interaction of & nebulizing device according to an
embodiment of the present 1nvention. The device 1includes a body

M;, a gas orifice F; and a liquid exit area C;. The liquid enters

the liquid passage at A;, passes through the liquid passage B; and

the gas enters the gas passage at D;, and passes through gas

I

passage E;. An interface R; includes a gas orifice of a circular

shape having a minimal distortion, similar to the distortion

described 1in Fig. 3C. The cas orifice F; i1s slightly widened to

move the slow gas flow a bit farther away from the central faster

e

flow, which decreases any turbulence due to the distortion of the

-1 7 -

ATTORNEY DOCKET NO.
WETNGARTEN, SCHURGIN,
GAGNEBIN & LEBOV_CI LLP

o ey v 1 e e S o e At URS 31 AR M W . S A L A e 0 s e ot e A e AU 0¥ Ut YR s



10

15

20

25

30

ety et MM TCHE - T ki ety S

CA 02384201 2003-02-13

interface area R;. Induction effects are 1ndicated by arrows J;
and the resultant atomized liquild K, 1s also shown.

Fig. 12 illustrates a detailed cross section showlng the gas
and liquid interaction of a nebulizing device according to an

embodiment of the present 1nvention with a spout 1interface. The

device is configured similar to Fig. 11 and like references are
used for similar elements. In contrast to Fig. 11, a spout S; 1s
provided at an 1nterface Rs;. The system of Fig. 12 1s more

h

difficult to manufacture as compared to the system of Fig. 11 but

a larger range of liquid flow rates with effective atomization can

be achieved by the system of Fig. 1Z2.

Typically, with these enhancements, the shape of the gas

orifice for a circular cross sectional passage ranges from

1.4
i 1)

slightly off circular, to

lattened, to slightly concave towards
the liquid, to a crescent shape orifice concave to the liquid.
While it 1s apparent that many other shapes will produce similar
results 1in enabling the 1ligquid to 1interact with the higher

—

velocity portion of the gas flow, the variations from near

circular to crescent are the easlest to produce wilith the present
mechanisms. For rectangular shaped gas passages, the orifice can
be most easily modified by distorting one of the longest sides of
the orifice. For irregular shape passages, one seeks the easiest
portion to modify that will give the liquid access to the fastest
moving portion of the gas stream.

With this method, the advantages of a shaped gas orifice are

significant for small, medium and large changes. The presence ot

spouts or other shapes to deliver the 1liquid 1nto the faster

portion of the gas stream adds many more possible variations. The

distortions to the gas orifice do not need to be precise or exact

ﬁ
—

to achieve the effect, which allows a large selection of

manufacturing means to accomplish the effect. It 1s generally

very easy to modify the gas orifice in such a way as to 1improve

the gas flow interaction with the liquaid.

~18~
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One caution 1in the production of the present nebullizing
systems 1s that the modifications to the gas orifice should be

minimal and smooth, so that there 1s minimal turbulence caused by

the interface which would decrease the gas flow velocities past

the 1interface. The presence of any material willl necessarily

create a drag on the gas flow, and will create some turbulence. A

turbulence zone and slow gas flow due to drag from the spout will

—

typically be very small and of no significant eff

ect, but can be

very large 1if the spout and i1nterface are too large or not smooth.

It is apparent that any device that directs the liquid to

phr—-

the faster moving portion of the gas stream, or directs the faster

moving portion of the gas stream to the liquid will achieve a

similar effect. For instance, placing an object just outside of

d

the gas orifice to re-direct the gas flow may have a similar

effect to changing the shape of the gas orifice.

Fig. 13 illustrates a gas and liquid interface that provides

a spout between the liquid and the gas stream’s higher velocity

interior region, but without the spout being formed by modifying

the wall between the gas stream and the liquid. The device 1s

configured similar to Fig. 11 and like references are used for
similar elements. In this illustration, the 1nterface R3 1s
created by a separate object U; that 1s not attached to the gas
stream’s orifice, nor the gas stream’s wall nor to the liquid
prassage’s wall.

However, changing the shape o0of the gas orifice 1s more

efficient and easier to manufacture than baffles or other objects

to redirect the gas flow or liquid flow. Also, changes 1n gas

flow after the gas has exited the orifice will be less effective

as the gas will begin to spread and decrease 1n velocity

immediately. Bringing the ligquid into contact with the gas stream

F

before there is any expansion and loss of velocity 1s the most

effective way to impart the energy from the gas stream to the

liguid.
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Where 1t 1s possible to produce a spout 1into a mid-portion

of a gas stream (not at an orifice), 1t will be possible to

produce atomization of the liquid within the gas stream. Although

not the standard practice for nebulizers, 1t 1s beneficial for

some éepplications such as for mixing a liguld 1nto a chemical

process line. In these discussions, references to orifices should

be recognized to include such spouts 1n mid stream, with the tip

i

of the spout being effectively the determining point for deciding

where the Yorifice” 1is. FEffectively the spout 1s the nebulizer
and the section of the gas stream where the spout 1s, behaves like

an orifice.

Fig. 14 illustrates a detailled cross section near the gas

and liquid 1interaction of a nebulizing device according to an
embodiment of the present invention with a spout interface 1n a

mid-portion of a gas stream. The device 1s configured similar to

Fig. 12 and like references are used for similar elements. As 1in

Fig. 12, a spout S; 1s provided at an 1interface R;. In this

embodiment, the spout extends into a gas stream 1n a mid section

F

of the gas stream and not at an orifice. The locations of the

liguid exit and gas exit are not important in this configuration.
Adding a “teapot spout” shape to the gas orifice helps lower
flows arrive at the central portions of the gas stream without

'

being caught up 1in the slower portions of the gas stream. The

spout of the interface works best as a smoothly curving surface,

.

extending from a wide part 1nside the liqulid passage to a smaller

part extending into the gas passage. For very low flows, a spout

shaped similar to the teapot spout helps draw the liquid 1nto the

f-

higher velocity portion of the gas stream. As wlith the teapot

spout, the low flow spout should smoothly curve over 1ts length

and point down into the gas passage, and should be smallest at the

tip extending into the gas passage. The size of the spout relates
to the flow rates desired. A large spout 1s better for higher
flow rates, a smaller spout for low flow rates. For large ranges

-2~
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of flow rates, a large spout wilith a tapered centerline can
effectively produce both a large interface and a small i1nterface.
The radius of curvature of the spout does not seem to be critical
as long as it 1s a smooth transition from the liquid passage 1nto
the gas passage.

*

According to embodiments of the present 1nventlon, very tiny

nebulizers can pbe made with the parallel path method and system.

For instance, microcircult production techniques can be used to

create two passages on a silicon wafer that meet at some point,

with a minor non-linear interface. This will provide enough of a

spout to allow the enhanced method to be of advantage as long as

the passages are 100 or more times the mean free path. At

atmospheric pressure for air, Nitrogen, and Argon, the mean free

—

paths are in the order of 10 to 100 nanometers, so a passage of

1000 nanometers wide still has parabolic flow (1000 nanometers 1s

1 X 10-6 meter, 1/millionth of a meter). These nebulizers can be

P

produced for even smaller passages, but the advantages of the

orifice being modified from the gas passage cross section decrease
as the passage width approaches the mean free path.

Figs. 15, 16, 17 and 18 1llustrate some examples of

P

nebulizing devices that may be utilized 1n the embodiments of the

present 1nvention. In Fig. 15, an enhanced parallel path

- -

nebulizer 1s shown that is able to atomize from 1 ml/min to 100
ml/min of liquid. The nebulizer includes a body Ms having a gas
orifice Fs and a ligquid exit area Cs. Gas 1s supplied to the gas

orifice Fs by connecting an external gas supply line Os to a

connector Ny, such as a fitting screwed into the body Ms, for

passing the gas through a passage Es. Similarly, liquid 1s

supplied to the liquid exit area Cs by connecting an external

ligquid supply line Qs to an internal tube Bs. The external liquid
supply line Qs may be press fitted into the body Ms or attached

with fittings. The 1large passage for the liquid creates some

-2 -
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potential effects due to orientation but for higher flow rates,
the orientation 1s not critical.

Fig. 16 1llustrates an enhanced parallel path nebulizer
according to another embodiment of the present 1nvention that 1s
able to atomize from flow rates of 1 microliter/min to 3,000

microliter/min. The nebulizer includes a body Mg having a gas

orifice Fg and a ligquid exit area Cs. To produce long and tiny

capillaries, a multilumen extruded tube Lg with two capillary

o~

holes, Bg and Eg¢, running through the length of the tube 1s notched

at notch Gg and plugged at the back of the liquid passage Hg and
pulled 1nto the body Mg. As a result, a liguid and gas tight
press fit seal 1s produced between the multililumen tubing Lg and
the body Mg. Gas enters the device through a gas line Og to a gas
connector Ng and passes through the notch Gg 1nto the unplugged
passage 1in the multilumen tubing lLg. The gas exits the device at
the gas orifice Fg¢. The ligquid travels the length of the body Mg
from the liguid supply line Qg along the capillary Bg to the liquid
passage exit area Cg. The liquid supply line Ag 1s attached with
connector Pg.

Fig. 17 i1llustrates vyet another embodiment for an enhanced

parallel path nebulizer according to the present 1nvention, which

utilizes 1integrated circuilt technology. In this embodiment, the
nebulizer is etched onto a circuit board M;. The etching provides

a liguid passage B; for liquid supplied at pad A; and exiting at

liguid exit area C;. Similarly, a gas passage E; for gas supplied

at pad D7 and exiting at gas orifice 5 1s provided.

Fig. 18 1llustrates an enhanced parallel path nebulizer

according to another embodiment of the present 1invention that 1is
designed to atomize liquid from a surrounding body of 1liquid

rather than utilizing a 1liquid constrained 1in a passage 1n a

nebulizer body. The liquid surrounds the gas orifice. Such devices

have very large flow ranges, from microliters to liters per minute

depending on the size of the gas orifice and the pressure and rate

- —
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of flow of the gas. The ligquid surface moves 1nto the 1interface Rg

and along the spout Sg due to gravity, induction, surface tension
effects, currents 1n the liquid or other forces. This embodiment
includes a body Mg which 1s a tube, having a gas orifice Fg and a
ligquid surface acting as the “exit area” Cg. Gas 1s supplied by a

compressor oOr pressurized gas source 18-1. The gas exits the

device at the gas orifice Fg , atomizing the ligquid as a fine mist

Kg. Maintalining the correct spacing petween the liquid surface and

the gas orifice 1is often difficult 1In such a configuration. If the

liguid comes in too fast, 1t does not break into small droplets.

Lt

Fig. 19 i1illustrates the device shown in figure 16, with body
M9, with attached liquid and gas delivery systems. The liquid may
be supplied by a pump or gravity feed system 19-2, the gas may be
supplied by a compressor or pressurized source 19-1. The liquid 1is
conveyed to the device in a liquid line Qg¢, and the gas conveyed
to the device 1n a gas line Cg. The liguid line 1s attached to the
device with an appropriate fitting Py, and the gas 1line 1s

ﬁ

attached with an appropriate gas fitting Ng. The style of the

ligquid supply and gas supply do not effect the device’s operation
as long as they are able to supply enough liquid and gas. For
analytical purposes, both the gas and the liquid must be delivered
with high consistency to ensure stable results 1n the analytical
instrument.

It 1s appreciated that the present 1invention 1s not limited
to only these above-described devices, and that these devices are
provided as only some examples of nebulizing devices that may be
used 1n conjunction with the present i1nvention.

The results of the system and method according to the

embodiments of the present 1nvention have been significant for

analytical nebullzers using the parallel path method. Previous

g

designs of nebulizers produced fairly standard results compared to

» .

other nebulizer methods. Embodiments of the parallel path method

according to the present 1invention have produced much larger

-9 3=
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portions of the mist 1n small droplets as compared to other known

nebulizers. Comparisons of high pressure concentric nebulizers
have shown that a modified parallel path method nebulizer running
at 40 psi (2.7 bar, 270 kPa) produces a mist most comparable to a
concentric nebulizer running at 160 psi (11 bar, 1100kPa), and far
superior 1n distribution of small droplet sizes to concentric
nebulizers running at 40 psi. As most analytical 1instruments have

F

a limit of a maximum of 45 to 50 psi1i pressure, beling able to match

the performance of a 160 psi device with a 40 psi1 device 1s
unigque, and very desirable.

The enhanced parallel path nebulizers according to the
embodiments of the present 1nvention have a very large range of
liguid flow rates possible and some capable of producing good

atomization over the range of 1 microliter per minute up to 3000

microliters per minute have been achleved, which 1s a range of

3000 times. The previous best range possible was only five times
(from 0.5 to 2.5 ml/min). The liguid flow rate 1s 1independent of
the atomization process. The present systems and methods do not

produce any suction on the liquid, so the liquid nmust be delivered

to the gas orifice through means such as gravity feed or pumping

of the liquid. The operating range of the liquid flow for such

p—

analytical nebulizers 1s determined by the shape of the gas

orifice, the gas flow rates and the surface tensicn of the liquid.

Generally, liguids with lower surface tension will produce finer

droplets.

The standard parallel path methods and systems enable

nebulizers to be constructed with the gas orifice much smaller

than the sample passage. In contrast, most nebulizers require a
gas orifice of a similar size or larger size than the 1liquid
passage. With the systems and methods according to the

embodiments of the present invention, the gas orifice can be any

size relative to the liquid passage, as the only significant

portion of the liquid and gas interaction 1s occurring at the tip

...24_
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g

of the 1interface or spout 1n the gas orifice. As long as the

liguid arrives to the tip i1n a steady flow, the nebulizer will
produce a consistent atomization. SO excellent atomization 1s
possible with a very tiny liquid passage or a liquid passage
having the same size as the gas orifice, or a very large liqguid

passage. The criteria 1s more dependent on flow rates than

f~

physical configuration of the body of the devices or the size of

the liquid passages and the flow rates allowable for any device
can work over very large ranges as previously described.

Most pneumatic nebulizers rely on 1nduction to mix the

ligquid 1nto the gas and achieve atomization. Induction occurs due

to suction of lower pressure zones near the gas caused by the flow

of the gas stream. This creates a gas flow or “wind” across the
liguid, which draws the liguid into the gas stream, enabling the

gas tc impart 1ts energy into the liquid, causing the liquid to

break up i1nto droplets. Induction occurs around any gas stream.

Induction 1is important 1n the parallel path method. However, 1n
the present system and method, 1induction does not seem to be the
only factor occurring, and may not be the main factor. As liquids

flow into the liguid passage, the 1ligquid passage exit area 1s

filled due to surface tension effects. The 1ligquid will fi1ll the
passage whether or not the gas stream 1is flowing. As the liquid

fills the passage, the 1interface between the liquid passage and

e

the gas passage 1s also filled. With a spout extending into the

gas passage, the liquid will flow along the spout and into the gas
stream area. The liquid wets the spout or 1f the material 1s non-
wetting, then the liquid fills the spout and begins to bead up.
If the gas stream is turned on, the liguid on the spout will be

impacted by the gas stream, and tossed into the direction of the

gas stream's flow and break up 1into droplets.

As the liquid is tossed away by the gas stream, more liquid

will flow onto the spout to fill the vacated area. The liquid

will flow into the interface between the gas and the liquid both

-2 5

ATTORNEY DOCKET MNO,
WEINGARTEN, SCHURGIN,
GACNERIN & LEBOVICI LL¥Z



0

10

15

20

CA 02384201 2003-02-13

because 1t 1s 1nclined to do so due to surface tension spreadling

the liguid onto the spout as 1t would when there 1s no gas flow,

and also due to the surface molecules being more tightly bound to

each other than the non-surface molecules, so that as the surface

molecules are impacted with the gas stream they move away from the

ligquid and pull the attached surface molecules after them into the
gas stream. As the surface of the liquid 1s pulled towards the

gas stream by the outgoing molecules, the liquid forms a "“bridge”

to the gas stream along which the surface of the liquid flows to

the gas stream. Consider a swimming pool 1n which the skimmer

selectively allows the surface of the pool’s water to flow 1into

the filter, bringing all of the floating leaves and debris with

it. The interface 1is acting much like a pool skimmer and causes

the gas stream to pull the surface molecules 1Into 1t, and then
toss them away. As such, there 1s a direct interaction between
the gas stream and the liquid, and induction may have little or no

influence on the interaction.

It will be apparent to those skilled 1n the art that other

modifications to and variations of the above-described techniques
are possible without departing from the 1nventive concepts
disclosed herein. Accordingly, the invention should be viewed as

limited solely by the scope and spirit of the appended claims.

-720-—
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What is claimed is:
1. A process for atomizing liquids, comprising the steps of:

providing a gas stream which has an inner region and an outer region, the inner region
having a higher velocity than the outer region of said gas stream;

providing a liquid in close proximity to said gas stream;

providing an interface in the form of a projection between said gas stream and said liquid
that draws said liquid towards the faster inner region of said gas stream; and

atomizing said liquid into a gaseous medium as a fine, highly consistent and uniform
dispersion by breaking up said liquid into aerosol particles by interacting said liquid with
said gas stream at said faster velocity towards said inner region of said gas stream.

2. A process for atomizing liquids directly from a surface of a body of a liquid at an
interface between the liquid and a gas stream, comprising the steps of:

providing the gas stream through a gas passage to a gas orifice, the gas stream having an
inner region and an outer region, the inner region having a higher velocity than the outer
region;

providing the liquid in close proximity to the gas stream;

directing said gas stream away from the surface of the hiquid;

providing an interface in the form of a projection between the gas stream and the liquid
that draws or guides the liquid into the inner region of higher velocity of the gas stream;

impacting the liquid by the gas stream at a velocity higher than occurs if the liquid 1s
interacting with the gas stream at the outer region of the gas stream,;

breaking up the liquid into aerosol particles; and

atomizing the liquid into a gaseous medium as a fine, highly consistent and uniform
dispersion.

3. A process for atomizing liquids directly from a surface of a body of a liquid at an

interface between the liquid and a gas stream, comprising the steps of:

providing the gas stream through a gas passage to a gas orifice, the gas stream having an
inner region and an outer region, the inner region having a higher velocity than the outer
region of said gas stream,

providing an interface in the form of a projection between the gas stream and the liquid
by shaping the wall of the gas passage at the gas orifice so that a portion of an edge of the
gas orifice extends into the higher velocity inner region of the gas stream;

providing the liquid in close proximity to the gas orifice;

AT St (AN
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directing said gas stream away from the surface of the liquid whereby liquid is drawn or
guided along the portion of the edge of the gas orifice extending into the higher velocity
inner region of the gas stream, and the liquid 1s impacted by the gas stream at a velocity

higher than would occur if the liquid is impacted by the gas stream at the outer region of
the gas stream;

breaking up the liquid into aerosol particles; and

atomizing the liquid into a gaseous medium as a fine, highly consistent and uniform
dispersion.

4. A process as claimed in claim 3, further comprising a spout extending from the
interface and formed by a shaping of the wall of the gas passage at the gas orifice, the
spout extending into the higher velocity region of the gas stream and focusing the liquid
into a smaller interaction area than occurs without the spout whereby the liquid is capable
of interacting with the higher velocity inner region of the gas stream.

5. A process as claimed in claim 3, wherein the gas passage is circular or oval and the
interface between the gas stream and the liquid is the wall of the gas passage at the gas
orifice, and the orifice is shaped to be a flattened circle or to be a haltf moon shape or to
be a crescent shape.

6. A process as claimed in claim 5, further comprising the interface formed by shaping of
the wall of the gas passage at the gas orifice and including a spout extending 1nto the gas
stream to enable the liquid to interact at a higher velocity near the inner region of the gas
stream.

7. A process as claimed in claim 2, wherein said liquid is constrained in a passage, and
said gas passage, said gas orifice, said liquid passage, and said interface are contained in
a nebulizer body.

8. A process as claimed in claim 7, wherein said nebulizer body is formed of
Polytetrafluoroethylene (PTFE), plastic, metal or glass.

9. A process as claimed in claim 7 further comprising the step of supplying said liquid by
a pump or by a gravity feed.

10. A nebulizing device comprising:
a liquid passage for receiving a liquid and delivering said liquid to a liquid exit area;

a gas passage for transmitting a gas stream, said gas stream having an inner region with a
higher velocity flow compared to an outer region; and

an interface formed by shaping the wall between the liquid and the gas stream or formed
by the addition of an object that provides a spout or surface between said liquid exit area
and said gas stream for conveying said liquid into said inner region of said gas stream so
that said liquid interacts with a flow of said gas stream that is greater in velocity than the
outer region of said gas stream and said liquid is atomized into a gaseous medium as a
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fine, highly consistent and uniform dispersion by breaking up said liquid into aerosol
particles by interacting said liquid with said gas stream at said higher velocity towards
said inner region of said gas stream.

11. A nebulizing device as claimed in claim 10, wherein said gas passage supplies said
gas stream to a gas orifice, said gas orifice being in close proximity to said liquid exit
area.

12. A nebulizer apparatus comprising:

a liquid passage for delivering a liquid to a liquid exit area, said liquid passage having a
predetermined diameter equal to or smaller than the diameter of a free drop of said liquid
so that said liquid stretches across said liquid exit area by surface tension effects; or said
liquid passage having a liquid flowing through the passage at a sufficient flow rate so that
the liquid maintains said liquid exit area full; or said liquid passage being oriented in the
apparatus such that said liquid in the passage fills the liquid exit area;

a gas passage, for supplying a gas stream to a gas orifice, said gas orifice placed in close
proximity to said liquid exit area and said gas stream having an inner region with higher
velocity flow compared to an outer region thereof; and

an interface in the form of a projection formed by shaping the gas orifice or by shaping a
wall between the liquid exit area and the gas orifice, said interface directing the liquid
from the liquid exit area into the gas orifice such that the liquid interacts at the higher
velocity inner region of the gas stream to form a fine, highly consistent and uniformly
dispersed mist.

13. A nebulizer apparatus as claimed in claim 12, further comprising a nebulizer body
including said liquid passage and said gas passage and said interface and a spout
extending from the liquid exit area into the gas orifice as part of said interface.

14. A nebulizer apparatus as claimed in claim 12, wherein a diameter of said gas orifice 1s
larger than the diameter of said liquid passage.

15. A nebulizer apparatus as claimed in claim 12, wherein a diameter of said gas orifice is
the same size as the diameter of said liquid passage.

16. A nebulizer apparatus as claimed in claim 12, wherein a diameter of said gas orifice 1s
smaller than the diameter of said liquid passage.

17. A nebulizer apparatus as claimed in claim 13, wherein said nebulizer body comprises
Polytetrafluoroethylene (PTFE), plastic, metal, or glass.

18. A nebulizer apparatus as claimed in claim 12, further comprising a liquid supply
device for supplying the liquid to said liquid passage, said liquid supply device
comprising a pump or a gravity feed.
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