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Docket No.: 768404

DECLARATION FOR PATENT APPLICATION AND ASSIGNMENT

Tifle of the invention” T9CESS AND DEVICE FOR priuTivg am AEEDSOL

As a helow named inventor, | hereby declare that:

This declaration is directed to:

ElThe attached application, or

£ United States application or PCT international application number
filed on e .

The above-identified application was made or authorized 1o be mads by me.

I believe that | am the original inventor ar an original joint inventor of a claimed invention in the
application.

WHEREAS, Palaz GmbH Partikel~ Urﬂ(}' Lasermas’ﬁte,ciﬁ-nik ;

Lo

{hereinafier refarred to as Assignee} having a place of business an
_Gr@schbaphstraﬁe 3b, D-76228 Kerlsruhse / Sermany .

is desirous of acquiring the entire right, title and interest to said invention and in the Latiers
Patent to be obtained therefor from the United States:

NOW THEREFORE, be it known by all whom it may concern, that for and in consideration of the
sum of One Dollar ($1.00) (or the equivalent thersof in foreign currencyy and oiher valuable
consideration, the receipt of which is hereby acknowledged, | have assigned, sold and sstover
and by these presents do assign, sell and set over urito the said Assignes for the terftory of the
United States of America and nof slsewhers, the full and axciusive right, title and interestin and
o the said invention, said invention, application and Lefters Patent {0 be held and enjoyed by
the said Assignee for its own use and behoof and for the use and behoof of its SUCCEssors and
assigns to the full end of the term for which said Letiers Patent is granted, as fully and entirely
as the same would have been held by me had this Assignment and sale not been made.

I hereby acknowledge that any willful false statement made in this declaration is punishable
under 18 U.8.C. 1001 by fine or imprisonment of nat more than {3} years, or both.

LEGAL NAME OF INVENTOR

INVENTOR: _Juschim Roman,

¥

~ l/' ’f‘f &
‘(5. - q-"‘“ “‘ A A
=#{nventor's signature ‘%ék* ' = “¢Dafe, @Q Qf:} w /{R

MeGLEW & TUTTLE, P.C., Box 8227 Scarborough Station, Scarborough N.Y.10510-8227 U.S.A
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Docket No./ 6404

DECLARATION FOR PATENT APPLICATION AND ASSIGNMENT

Title of the Enventian:P,BOCESS AND DEVICE FOR DILUTING AN _AERDSOL

As a below named inventor, | hereby dedlare that;

This declaration is directed to:

£3 The attached application, or

£ United States application or PCT infernational application number,
filed on

The above-identified application was made or autharized to be made by me.

P belisve that | am the original inventor or an ariginal joint inventor of a claimed invention in the
application.

WHEREAS, Palas GmbH Partikel- und LasermeBtechnik . :

herainafter referrsd to as Assignze) having a place of business at

{
breschbachstrafe 3b, B-7B229 Karlsruhe / Germany

is desirous of acquiring the entire right, title and interest to said invention and in the Letftars
Fatent to be obtained therefor from the United States;

NOW THEREFORE, be it known by all whom it may concern, that for and in consideration of the
sum of One Dollar (§1.00) {or the equivalent thereof in foreign currency) and other valuable
consideration, the receint of witich is hereby acknowledged, | have assigned, sold and sat over
and by thase prosenta doassign, sell and set over unto the said Assignee for the territory of the
United States of Amearics and not elsewhers. the full and exciusive right, title and interest in and
to the said invention, said invention, application and Letters Patent o be held and enjoyed by
the said Assignee for its own use and behoof and for the use and behaoof of its SUCLEssOrs and
assigns to the full end of the ferm for which said Letters Patent is granted, as fully and entirely
as the same would have been haeld by me had this Assignment and sale not been made,

Ihereby acknowlgdge that any willful false statement made in this declaration is punishable
under 18 U.8.C. 1001 by fine or imprisonment of not more than (5} years, or both.

LEGAL MAME OF INVENTOR

INVENTOR: Martin Schmidt
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Docket No.: 76404

DECLARATION FOR PATENT APPLICATION AND ASSIGNMENT

Title of the EnventEOHZPRDCESS ANDWDEVICE FOR DILUTING AN AEROSOL

As a below named inventor, | hereby declare that:

This declaration is directed to-

Bl The attached application, or

£ United States application or PCT international application number
filad on

The above-identified application was made or authorized to be made by me.

[ believe that | am the original inventor or an original joint inventor of a claimed invention in the
application.

WHEREAS, Pslas GmbH Partikglm und Lasermeftechnik ot

{hereinafter referred to as Assignee} having a place of business at
Greschbachst?gﬁe db, D-76229 Karlsrube J Germany

is desirous of acquiring the entire right, title and interest to said invention and in the Letiers
Patent to be obtained therefor from the United Siates;

NOW THEREFORE, be it known by all whom it may concern, that for and in consideration of the
sumy of One Daltar ($1.00) (or the squivalent thereof in foreign currency) and other valuable
considenstion, the recsipt of which is heraby acknowledged, | have assigned, sold and sat aver
and by these presents do assign, sell and set over unto the said Assignee for the territory of the
United States of America and not elsewhers, the full and exclusive right, title and interest in and
to the said invention, said invention, application and Letiers Patent to be hald and enjoyed by
the said Assignee for its own use and behoof and for the use and behoof of its SUCCEeSSOrs and
assigns to the full end of the term for which said Letters Patent is granted, as fully and entirely
as the same would have been held by me had this Assignment and sale not been made.

t hereby acknowledge that any willful false staternent mads in this deciaration is punishable
under 18 U.S.C. 1001 by fine or imprisonment of not more than (5) years, or both.

LEGAL NAME OF INVENTOR

INVENTOR:  Leander Mdlter
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=#inventor's signature (@ o
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Dockat No.: /6404

DECLARATION FOR PATENT APPLICATION AND ASSIGNMENT

Tille of the invention; " FOCESS AND DEVICE FOR DTLUTING AN AEROSOL

As a below named inventor, | hereby declars that:

This dedlaration is directed to:
B3 The attached application, or
£ United States appiication or PCT international application number

filed on

The above-identified application was made or authorized {o be made by me,

I befleve that | am the original inventor or an original joint inventor of a claimed invention in the
application.

WHEREAS, Palasg VGmbH Partikelf vnd Lasermefitechnilk . R

{hereinafier raefsrred o as Assignee) having a place of business an
Greschbachstrade 35 s B-76229 Karlsyuhs 4 Germany

is desirous of acquiring the entire right, title and interest to said invention and in the Lefters
Patent to be obtained therefor from the United States:

NOW THEREFORE, be it known B2y el whom it may concarn, that for and in consideration of the
sumt of One Doltar ($1.00) {or the equivalent thereof in foreign currency} and other valuabls
consideration, the recsipt of which is hevely achnowledged, | have assigned, sold and set over
and by these prasanits do assign, sail and set aver unto the said Assignee for the territory of the
Unitad States of Amerioa and not slsewhers, the full and exclusive right, title and interestin and
to the said invention, said invention, application and Letters Patent to be hald and enjoyed by
the said Assignee for its own use and behoof and for the use and behoof of its SUCCessors and
assigns o the full end of the tarm for which said Letters Fatent is granted, as fully and entirsly
as the same would have been held by me had this Assignment and sale not been mads.

| hereby acknowledge that any willful false statement made in this declaration is punishablz
under 18 U.8.C. 1001 by fine or imprisonment of nat more than {3) ysars, or both.

LEGAL NAME OF INVENTOR

INVENTOR: Ralf Notheis i

~+#Date i}ffﬁ 5{‘:@:} . &

= Inventor's signature v
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Docket #76404

PROCESS AND DEVICE FOR DILUTING AN AEROSOL

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority under 35 U.S.C. §119 of German
Application 10 2017 011 074.3, filed November 30, 2017, the entire contents of which are

incorporated herein by reference.

TECHNICAL FIELD
[0002] The present invention pertains to a process and to a device for diluting an aerosol.
BACKGROUND
[0003] An aerosol is a particle-carrying gas or gas mixture, especially air. Such aerosols

must be tested for a great variety of reasons.

[0004] Only one particle may be present at any one time in the measured volume

1
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especially in the case of measurement methods used for testing, with which the number of
particles flowing through a measured volume per unit of time is detected. This is not ensured in
case of highly concentrated aerosols. If two or more particles are present simultaneously in a
measured volume, this leads to coincidence errors. These are a counting error, on the one hand,
because the number of particles detected is too low, since, for example, two or more particles are
detected as only one particle. Moreover, there arises a size error, because a plurality of particles
are seen as only one particle, and this particle is detected as an excessively large particle if two or
more particles flowing offset next to each other through the measured volume darken a larger

area than every individual particle would.

[0005] Therefore, highly concentrated aerosols are to be diluted for this reason. A
reduction of the probability of such errors or even a practically complete elimination of such
errors can be achieved by the aerosol being diluted by particle-free gas. An external gas or gas
mixture, especially also clean air, may be added, in principle, for this purpose. It is
disadvantageous that this gas does not have the same parameters as the carrier gas or carrier gas
mixture of the aerosol, having, for example, a different moisture content and/or temperature, as a

result of which the measurement results may be distorted.

[0006] It is known, for example, from the VDI Guideline VDI 3491, Sheet 15, No. 4, p.
4, that the aerosol flowing in as an inlet aerosol can be split into two aerosol flows and, on the
one hand, the larger portion can be pumped through a filter, which purifies the aerosol in this

branch and generates a clean gas or clean gas mixture, especially also particle-free air, and, on
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the other hand, a smaller portion of the aerosol can be sent through a capillary - with an internal
diameter of 1 mm and with a length of 150 mm - and the two flows can again be merged
downstream of the filter and the pump, on the one hand, and of the capillary, on the other hand,

and the mixed flow can be fed to the sensor device.

[0007] The drawback of this procedure is, in particular, that particles, especially liquid
particles, will be deposited on the wall of the capillary because of the small diameter of the
capillary, as a consequence of which the composition of the aerosol leaving the capillary will
change and such particles may thus also distort the measurement result. Continuous monitoring

of the state of the capillary is also necessary for this reason.

SUMMARY OF THE INVENTION

[0008] A basic object of the present invention is therefore to provide a process and a
device that permit especially a more accurate setting of the mixing ratio, which is necessary for

inferring the particle concentration and the particle size distribution in the inlet aerosol.

[0009] The above object is accomplished according to the present invention with a
process of the type described in the introduction, which is characterized in that the aerosol is fed
as an inlet aerosol into an annular space in a first process step, that a fixed portion of the outlet
aerosol leaving the first annular space is branched off for purification downstream of the first
annular space and is fed again upstream to the first annular space as a particle-free clean gas, that

a portion of the outlet aerosol of the first annular space is fed to a second mixing stage, and that
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outlet aerosol of the second mixing stage is purified in a second process step to form a
particle-free clean gas, and this clean gas is fed again to the second mixing stage upstream of the

outlet of the second mixing stage.

[0010] Furthermore, a device of this class is proposed for accomplishing the object
mentioned for diluting aerosol, which device is characterized by at least one mixing stage, with
an inlet pipe feeding aerosol as an inlet acrosol through an outlet pipe, by a purification device
adjoining downstream for purifying outlet aerosol leaving the mixing stage via the outlet pipe to
form a particle-free clean gas, by a mass flow controller and by a pump for suctioning the outlet
aerosol from the outlet pipe, as well as by a return line for the clean gas, leading upstream into
the mixing stage. The inlet aerosol fed is thus mixed with this clean gas fed into the mixing

chamber to form a diluted aerosol.

[0011] The term clean gas in the text designates a gas freed from liquid or solid particles,
such clean gas consisting of a gas component or a gas mixture consisting of a plurality of
individual gases, especially particle-free air. The annular space surrounds the inlet pipe and is a
space with an annular cross-section. Most preferred are an inlet pipe for the aerosol leading to a
measuring device with a measuring outlet arranged in alignment with a common axis. The

aerosol to be measured flows along the common axis to the inlet pipe and the measuring outlet.

[0012] According to preferred variants of the process, provisions are made for the clean

gas to be fed to the inlet aerosol at a volume flow ratio preset at a fixed value, wherein especially
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REEL: 047701 FRAME: 0743



10

15

the ratio of the volume flow of the inlet acrosol and of the clean gas fed to this is determined by a

mass flow controller (MFC).

[0013] Moreover, provisions may be made in a preferred variant for the inlet aerosol to
be fed into the mixing space through a feed pipe, which has a smaller cross section than the
annular space and for the clean gas fed to the annular space being introduced into the annular
space above an outlet end of the feed pipe, as a result of which intensive mixing of inlet aerosol

and clean gas is brought about.

[0014] A preferred embodiment of the process according to the present invention is
characterized in that the outlet acrosol is sent through an optical sensor device prior to the

purification (Figure 1), and especially excess clean gas is removed as waste air.

[0015] Provisions are made in a preferred alternative embodiment of the process for only
a fixed portion of the outlet aerosol to be branched off for purification downstream of the annular
space and to be fed again as particle-free clean gas upstream of the mixing space, wherein
especially the outlet aerosol that was not branched off is sent through an optical sensor device

(Figure 2).

[0016] Furthermore, provisions may be made in a preferred variant for a fixed portion of
the outlet aerosol leaving a first mixing stage being branched oft for purification as an

intermediate acrosol in a two-stage process downstream of a first mixing stage and being fed
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again as particle-free clean gas upstream of the mixing stage, for the portion of this intermediate
acrosol that was not branched off to be sent through a second mixing stage and an optical sensor
device following this mixing stage, after which, purified, a portion of the clean gas is removed -
again - as waste air, and another portion of the clean gas purified in this second stage is again fed
to this second stage above the sensor device for joining with the intermediate aerosol fed from

the first mixing stage.

[0017] In a concrete embodiment, this process accordingly makes provisions for the
aerosol to be fed as inlet aerosol to a first annular space in a first process step, for a fixed portion
of the outlet aerosol being discharged from the first annular space to be branched off for
purification downstream of the first annular space and to be fed again upstream as particle-free
clean gas to the first annular space, for a portion of the outlet aerosol of the first annular space to
be fed to a second mixing stage, and for outlet aerosol of the second mixing stage to be purified
in a second process step to form a particle-free clean gas and for this clean gas of the second

mixing stage to be fed again upstream of the outlet of the second mixing stage.

[0018] This process may be perfected by the outlet acrosol of the second mixing stage
being sent through an optical sensor device prior to the purification, while especially excess clean

gas 1s removed as waste air.

[0019] In a preferred embodiment of the device according to the present invention, an end

area of the inlet pipe is surrounded by an annular space, into which the return line opens.
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REEL: 047701 FRAME: 0745



10

15

[0020] To carry out the above-described process according to the present invention, the
device according to the present invention preferably provides, in a variant, for the inlet pipe to
have a smaller cross section than the mixing space and for the inlet of the return line to be
arranged upstream of the outlet end of the mixing space. Furthermore, provisions may be made
in a preferred embodiment of the device for the outlet aerosol to be sent through a sensor device
prior to the purification, wherein the mass flow controller is arranged especially in a branch of
the return line for branching off a certain portion of the clean gas as waste air. As an alternative
or in combination herewith, the device may be configured such that a lateral outlet opening is
arranged downstream of the annular space for branching off a certain portion of the outlet

aerosol, the mass flow controller being provided especially in the return line.

[0021] To carry out the above-mentioned two-stage process, provisions are made in
another embodiment for the first mixing device just described above with the first mixing stage
to be adjoined by another mixing device with a second mixing stage, downstream of which the
sensor device 1s arranged, and which is followed, in turn, by a return line for returning a portion
of the acrosol mixture passing through the sensor device as clean gas into the inlet area of the
second mixing stage, wherein a mass flow controller is arranged in a branch of the return line for

branching off a certain portion of the clean gas as waste air.

[0022] In a concrete embodiment, this device is characterized by at least one first mixing

device with an inlet pipe leading to this mixing device for the aerosol as an inlet aerosol, with an
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outlet located downstream of the inlet pipe to a first return line with a first purification device
and with a first mass flow controller and with a first pump, wherein the first return line opens
upstream of the orifice of the inlet pipe in a first annular space surrounding an end area of the
inlet pipe, with a transition pipe from the first mixing stage to a second mixing stage, with an
outlet pipe and with a sensor device arranged downstream thereof outlet pipe, with a second
purification device and with a second return line having a second mass flow controller and with a
pump, wherein especially a third mass flow controller is arranged in a branch of the second
return line for branching off a certain portion of the particle-free gas from the second return line,

which gas was purified by the second purification device.

[0023] While the desired mass flow is maintained at a constant value by a mass flow
controller (MFC) in an extremely preferred embodiment of the process and pumps are used only
to maintain the mass flow per se and the device according to the present invention preferably has
these components, provisions may, in principle, also be made for the mass flow to be measured
by a flow sensor as an ACTUAL value and for the desired SET point of the mass flow to be

controlled (set) by controlling a pump of the inlet pipe and the outlet pipe.

[0024] The internal diameters are greater than 0.3 x V'y, wherein y is the length of the
inlet pipe, but they equal at least 4 mm. The length of the pipe is preferably practically 60 mm to
80 mm. The internal diameter of the mixing chamber does not preferably exceed twice the pipe

diameter, especially equaling about twice the pipe diameter.
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[0025] Further advantages and features of the present invention appear from the claims
and from the following description, in which exemplary embodiments of the present invention
are explained in detail with reference to the drawings. The various features of novelty which
characterize the invention are pointed out with particularity in the claims annexed to and forming
a part of this disclosure. For a better understanding of the invention, its operating advantages and
specific objects attained by its uses, reference is made to the accompanying drawings and

descriptive matter in which preferred embodiments of the invention are illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] In the drawings:

[0027] Figure 1 is a sectional schematic view showing a first embodiment of a device
according to the present invention for diluting aerosol for carrying out the process according to

the present invention;

[0028] Figure 2 is a sectional schematic view showing a second embodiment of the

device according to the present invention; and

[0029] Figure 3 is a sectional schematic view showing a third embodiment of the device

according to the present invention with cascaded diluting devices.
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DESCRIPTION OF PREFERRED EMBODIMENTS

[0030] The inventive device 1 of Fig. 1 has a mixing device with a mixing stage 2, with
an inlet pipe 2.1, a surrounding annular space 2.2 and a outlet pipe 2.3 with an inlet opening
2.3.1. In the illustrated embodiment the outlet pipe is 2.3, via its outlet 2.3.2, called the
measuring outlet, is directly connected with an optical sensor device 3, which is known per se,
such as an aerosol spectrometer, for determining the particles of an aerosol with respect to the

number per unit time by a measuring volume of the associated particles and their size.

[0031] Referring to the drawings, the device 1 according to the present invention shown
in Figure 1 has a mixing device with a mixing stage 2, with an inlet pipe 2.1, an annular space
2.2 surrounding this inlet pipe 2.1, and an outlet pipe 2.3 with an inlet opening 2.3.1. The outlet
pipe 2.3, via an outlet pipe outlet 2.3.2, a measuring outlet, is directly connected in the exemplary
embodiment shown to an optical sensor device 3, which optical sensor device 3 is known per se,
such as an aerosol spectrometer, for determining the particles of an aerosol in terms of the
number of particles passing through a measured volume of the device 3 per unit of time and the
size thereof. The inlet pipe 2.1 and the outlet pipe 2.3 are aligned, so have a common axis A,
which axis A is also the axis of the inlet of the optical sensor device. This also applies to the

embodiments of FIGS. 2 and 3.

[0032] The outlet acrosol leaving the sensor device 3 via a return line 2.6 is suctioned off
via a mass flow controller (MFC) 4 by a pump 6 with a preset throughput of, for example, 5

L/min via a purification device 5 in the form of a filter. The purification device 5 generates a

10
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clean, particle-free gas or gas mixture (hereinafter called only clean gas) from the outlet aerosol
suctioned off from the sensor device 3; if the carrier gas of the inlet aerosol entering the inlet

pipe 2.1 is air, clean air is generated by the filter.

[0033] This clean gas is fed again at a preset percentage, for example, 90%, i.¢., at a rate
of' 4.5 L/min in case of the above-mentioned suction rate, equaling 5 L/min here, upstream of the
outlet pipe 2.3 of the mixing device 2. A branch line 2.7 of a branch pump 2.5 and of a mass
flow controller (MFC), by means of which branch line the desired remaining percentage of 10%

or 0.5 L/min here, is branched off as waste air.

[0034] In particular, the purification device 5 may also be arranged downstream of the
branch of the line 2.7 from the return line 2.6, especially if the particles of the aerosol are

harmless.

[0035] The inlet pipe 2.1 extends with its pipe end into the annular space 2.2, which has a
larger diameter than the diameter of the inlet pipe 2.1 or the pipe thereof. The returned clean gas
is fed to the annular space 2.2 via a lateral inlet 2.1.1 or via up to four lateral inlets distributed
equally over a circumference (which are then connected via an outer pipeline) in front of the
outlet 2.1.2 of the pipe 2.1. Inlet aerosol and clean gas enter together the inlet opening of the
outlet pipe or outlet 2.3, in which opening they are then mixed and the acrosol is diluted to form

a diluted outlet acrosol.

11
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[0036] Intensive mixing of the concentrated inlet aerosol with the clean gas fed laterally

via the inlet 2.1.1 is achieved due to this configuration.

[0037] Highly concentrated inlet aerosol is fed to the mixing stage 2 with a preset volume
flow via the inlet pipe 2.1. This inlet aerosol is mixed intensively with the controlled, preset
volume flow of the clean gas having the same composition as the gas of the inlet aerosol based
on the structural configuration of the mixing device 2.2. After a start-up phase, the inlet aerosol
is diluted in the measuring operation to form a diluted outlet acrosol leaving the pipe end of the
outlet pipe 2.3, which said outlet aerosol is defined on the basis of the given mixing ratio, here at
a ratio of 1:10, and which can be measured in the sensor device 3 during the measuring phase in
the usual manner, i.e., especially in terms of particle throughput per unit of time and the particle
size. The diluted aerosol leaving the sensor device 3 is suctioned off through the filter via the
mass flow controller 4 and the pump 6, is purified in the process to obtain a clean gas mixture
and 1s fed again to the mixing device 2 with the described percentage of 90% or 4.5 L/min in the
likewise described manner. In a concrete embodiment, the mass flow of the inlet acrosol equals,
for example, V, = 0.5 L/min, and the mass flow of the diluted aerosol flowing through the
measuring device in the measuring operation during a start-up phase equals Vv = 5 L/min and
that of the added clean air (clean gas) equals V, = 4.5 L/min, while the waste air is released into

the open air at a rate of 0.5 L/min.

[0038] Dilution of a concentrated aerosol in respect to the particles contained in it with

the same gas or gas mixture, especially air, which is present in the concentrated inlet aerosol, 1.e.,

12
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especially concerning the gas composition, the gas temperature and the moisture content in the
gas, 1s achieved by the device according to the present invention and the described process

according to the present invention.

[0039] Figure 2 shows a variant of a device 7 according to the present invention. This is
configured, in principle, in the same manner as the device 1 described in reference to the device 1
described in Figure 1. The device has a mixing device 8, with an inlet pipe 8.1 with a smaller
diameter compared to a surrounding annular space 8.2. An outlet pipe 8.3 is provided to a sensor
device (not shown) corresponding to the sensor device 3 at a spaced location from the pipe end
8.1.1. The outlet pipe 8.3 likewise has a smaller cross section than the area of the annular space
8.2 surrounding it. A lateral outlet 8.2.2 leads from this surrounding annular space 8.2 to a return

line 8.4, in which a purification device 8.6, a pump 8.7 and a mass flow controller 9 are arranged.

[0040] The procedure is the same as that described in the embodiment according to

Figure 1 with the differences described below.

[0041] A desired percentage of the aerosol flowing through the annular space 8.2, which
percentage is preset at a fixed value, equaling, for example, 90% or 4.5 L/min here, is branched
off from the annular space 8.2 via the outlet 8.2.2 and is purified to form a particle-free clean gas.
The suctioning is carried out by the pump 9 via a mass flow controller 9, by which the
aforementioned percentage or the preset flow volume is set. This clean gas is then fed via the

inlet 8.2.1 located upstream of the outlet 8.2.2 to the annular space 8.2 and 1s mixed with the inlet
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aerosol.

[0042] Intensive mixing of the inlet aerosol entering through the inlet line 8.1 with the
clean gas fed via the lateral inlet 8.2.1, especially air (if the carrier gas of the inlet aerosol is air),
takes place, here especially in the intermediate space of the annular space 8.2 between the outlet
end of the inlet pipe 8.1 and the inlet opening of the outlet pipe 8.3. Dilution takes place in this

manner at a ratio of 1:10.

[0043] The percentage of the diluted aerosol, which is flowing through the following
mixing space with a mass flow volume of 5 L/min here, and which is branched off via the outlet
8.2.2, flows as diluted outlet acrosol through the outlet pipe 8.3 and can be fed to a sensor device

3, as in the embodiment shown in Figure 1.

[0044] The embodiment according to Figure 3 is a cascade of the mixing devices
according to the embodiments shown in Figures 2 and 1. The configuration of the mixing device
with the mixing stage 8 according to Figure 2 is arranged upstream of the mixing device with the
mixing stage 2 according to Figure 1. A potentiated dilution of the inlet aerosol entering through
the inlet pipe 8.1 can be achieved by the embodiment according to Figure 3. If, as described in
reference to Figures 1 and 2, each of the mixing devices 8, 2 brings about a dilution at a ratio of
10:1 in the embodiment according to Figure 3, a dilution of 100:1 is brought about by the

cascading of the embodiment according to Figure 3.
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[0045] Reference is made to the explanations given above for Figures 1 and 2 for the
embodiment of the two individual mixing devices arranged one after another. In the embodiment
according to Figure 3, the outlet pipe 8.3 of the mixing stage 8 forms at the same time the inlet

pipe 8.1 of the partial mixing device 2.

[0046] Dilution of the inlet aerosol takes place first in the mixing stage 8 by the aerosol
being suctioned off via the outlet 8.2.2, by the purification via the purification device 8.6 and via
the return of the particle-free clean gas thus purified via the inlet 8.2.1, which return is controlled
via the mass flow controller, and by mixing this clean gas with the inlet aerosol entering via the
pipe 8.1. This diluted acrosol (diluted, for example, by a factor of 10:1, as was described with
reference to Figure 2), is sent via the intermediate pipe 8.3, 2.1 into the mixing device 2. The
diluted aerosol passes through the sensor device 3, is purified further via the purification device 5
to form a particle-free clean gas, and the gas is suctioned off via the mass flow controller. A
preset quantity is branched off, as was described above with reference to Figure 1, from the clean
gas thus purified, while the preset, fixed remainder of the clean gas (here 90% or 4.5 L/min) 1s
fed to the annular space 2.2 of the mixing device 2 via the inlet 2.1.2, and, as was indicated, the
further dilution of 10:1 is brought about there, so that an overall dilution of the outlet aerosol

flowing through the sensor device 3 at a ratio of 100:1 1s brought about.

[0047] While specific embodiments of the invention have been shown and described in
detail to illustrate the application of the principles of the invention, it will be understood that the

invention may be embodied otherwise without departing from such principles.
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WHAT IS CLAIMED IS:

1. A process for diluting an aerosol, the process comprising the steps of:

feeding aerosol as inlet aerosol through an inlet pipe surrounded by an annular space to a
first mixing stage;

purifying outlet aerosol leaving via an outlet to form a particle-free clean gas;

feeding the particle-free clean gas to the annular space upstream of the outlet; and

mixing the fed particle-free clean gas with the inlet aerosol.

2. A process in accordance with claim 1, wherein the clean gas is fed to the inlet aerosol

at a volume flow ratio preset at a fixed value.

3. A process in accordance with claim 1, wherein a ratio of a volume flow of the inlet

aerosol to the clean gas fed to same 1s determined by a mass flow controller.

4. A process in accordance with claim 1, wherein:

the inlet aerosol is fed into the mixing space through a feed pipe, which has a smaller
diameter than the annular space; and

the clean gas fed to the annular space is introduced into the annular space above an outlet

end of the feed pipe.

5. A process in accordance with claim 1, wherein the outlet aerosol is sent through an

optical sensor device before purification.
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6. A process in accordance with claim 5, wherein excess clean gas is removed as waste

air.

7. A process in accordance with claim 1, wherein only a fixed portion of the outlet
aerosol 1s branched off for purification downstream of the annular space and is fed again as

particle-free clean gas upstream of the mixing space.

8. A process in accordance with claim 7, wherein the outlet acrosol that was not

branched off is sent through an optical sensor device.

9. A process in accordance with claim 7, wherein the outlet acrosol that was not
branched off is fed to a next, additional mixing stage and further dilution is carried out at the
additional mixing stage comprising:

feeding the outlet aerosol that was not branched off as additional mixing stage inlet
aerosol through an additional stage inlet pipe surrounded by an additional mixing stage annular
space to the additional mixing stage;

purifying the additional mixing stage outlet aerosol leaving via an additional mixing stage
outlet to form additional particle-free clean gas;

feeding the additional particle-free clean gas to the annular space upstream of the
additional mixing stage outlet; and

mixing the fed additional particle-free clean gas with the additional mixing stage inlet

aerosol.
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10. A process in accordance with claim 1, further comprising;

feeding a portion of the outlet aerosol to a second mixing stage;

purifying outlet aerosol of the second mixing stage to form second mixing stage
particle-free clean gas; and

feeding second mixing stage particle-free clean gas to an annular space upstream of an

outlet of the second mixing stage.

11. A process in accordance with claim 10, wherein the outlet aerosol of the second

mixing stage is sent through an optical sensor device before purification.

12. A process in accordance with claim 11, wherein excess clean gas is removed as waste

air.

13. A process in accordance with claim 11, wherein excess clean gas is removed as

exhaust air and outlet acrosol that was not branched off is sensed by an optical sensor device.

14. A process in accordance with claim 13, wherein the optical sensor device comprises

an aerosol spectrometer and aerosol spectrometry is performed.

15. A process in accordance with claim 13, wherein the aerosol to be measured flows

along
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an axis from the inlet pipe through an outlet to the optical sensor device.

16. A device for diluting an acrosol, the device comprising:

at least one mixing stage comprising an annular space;

an inlet pipe feeding aerosol as inlet aerosol to the mixing stage;
an outlet pipe feeding outlet aerosol out of the mixing stage;

5 a purification device adjoining the outlet pipe downstream of the mixing stage for
purifying outlet aerosol leaving the mixing stage via the outlet pipe to form a clean gas
comprising a particle-free aerosol;

a pump for suctioning the outlet aerosol from the outlet pipe;
a return line leading upstream from the purification device into the annular space for
10 carrying the clean gas; and

a mass flow controller.

17. A device in accordance with claim 16, wherein an end area of the inlet pipe is

surrounded by the annular space, into which the return line opens.

18. A device in accordance with claim 16, wherein:
the inlet pipe has a smaller cross section than the annular space; and

an inlet of the return line 1s arranged upstream of an outlet end of the inlet pipe.

19. A device in accordance with claim 16, further comprising a sensor device, wherein
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the outlet aerosol is sent through the sensor device prior to purification.

20. A device in accordance with claim 16, wherein the mass flow controller is arranged

in a branch of the return line for branching off a certain portion of the clean gas as waste air.

21. A device in accordance with claim 16, wherein a lateral outlet opening is arranged

downstream of the annular space for branching off a certain portion of the outlet aerosol.

22. A device in accordance with claim 20, wherein the mass flow controller is provided

in the return line.

23. A device in accordance with claim 16, further comprising a sensor device, wherein
the outlet aerosol is sent through the sensor device prior to purification, wherein:
a certain portion of the clean gas is branched off as waste air;

the sensor device is arranged downstream of the branch off of the waste air.

24. A device in accordance with claim 16, wherein the mixing stage is a second mixing
stage, the purification device is a second purification device, the return line is a second return
line, the mass flow controller is a second mass flow controller and the pump is a second pump
and further comprising:

another mixing stage as a first mixing stage comprising a first annular space;

a first inlet pipe leading to the first annular space for aerosol as inlet aerosol;
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a first outlet located downstream of the first inlet pipe;

a first return line;

a first purification device;

a first mass flow controller; and

a first pump, wherein the first return line opens upstream of an opening of the first inlet
pipe into the first annular space and the first annular space surrounds an end area of the opening
of the first inlet pipe;

a transition pipe from the first mixing stage to the second mixing stage;

a sensor device, wherein the outlet pipe and the sensor device are arranged downstream of

transition pipe.

25. A device in accordance with claim 23, further comprising a second return line branch
and a third mass flow controller arranged in the second return line branch for branching off a
certain portion of the particle-free gas purified by the second purification device from the second

return line.

26. A device according to claim 16 , further comprising aerosol-flow optical measuring
device downstream of the outlet pipe, wherein the aerosol-flow optical measuring device

comprises an aerosol spectrometer.

27. A device according to claim 16, further comprising a sensor device, wherein an inlet

pipe to the sensor device and the outlet pipe are aligned.
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ABSTRACT OF THE DISCLOSURE

A process dilutes an acrosol by feeding an input acrosol through an inlet pipe surrounded
by an annular space to a first mixing stage. An output aerosol leaves purified via an outlet as a
particle-free clean gas. The particle-free clean gas is fed to the annular space upstream of the
outlet and is mixed with the acrosol. A mixing stage includes an inlet pipe feeding acrosol as
inlet acrosol. A downstream purification device purifies outlet acrosol leaving the mixing stage
via an outlet pipe to form the particle-free clean gas. A mass flow controller and a pump suction
off the outlet aerosol from the outlet pipe. A return line, for the clean gas, leads upstream into

the annular space.
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