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A detector Inlet for providing a sample to an analytical apparatus for detecting a substance of interest, the detector inlet comprisir
a plenum for allowing passage of a flow of a gaseous fluid, the plenum comprising a sampling volume a sampling inlet arranged |
the plenum and arranged to collect samples of the gaseous fluid from the sampling volume and to provide the samples to tr
analytical apparatus, wherein the flow carries particulates and a flow director arranged to create circulatory flow of the gaseous flu
around the plenum encircling the sampling inlet thereby to vary a spatial distribution of the particulates carried by the fluid to
Increase a relative proportion of the particulates carried past the sampling inlet without entering the sampling volume.

O D 35 ©

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



WO 2017/055870 A1 |[HJ 1! 0RO O 00 R0 RS R

(43) International Publication Date

CA 02999228 2018-03-20

(19) World Intellectual Property
Organization
International Burecau

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2017/055870 Al

6 April 2017 (06.04.2017) WIPOI|PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
GOIN 1/22 (2006.01) HO01J 49/00 (2006.01) kind of national protection available). AE, AG, AL, AM,
51y Tnt tional Apolication Number- AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: CTIGIA01 61053055 BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
30 September 2016 (30.09.2016) KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
N . MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(25) Filing Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(30) Priority Data: ZW.
1517310.7 30 September 2015 (30.09.2015) GB
(84) Designated States (unless otherwise indicated, for every
(71) Applicant: SMITHS DETECTION-WATFORD LIM- kind of regional protection available). ARIPO (BW, GH,
ITED [GB/GB]; 459 Park Avenue, Bushey, Watford Hert- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
fordshire WD23 2BW (GB). TZ, UG, ZM, ZW), Furasian (AM, AZ, BY, KG, KZ, RU,
(72) Inventors: KIRKBY, Oliver; c/o Smiths Detection-Wat- 1J, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
L DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
ford Limited, 459 Park Avenue, Bushey, Watford Hertiord-
. . . LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
shire WD23 2BW (GB). CLARK, Alastair; c/o Smiths
. . SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
Detection-Watford Limited, 459 Park Avenue, Bushey, GW.KM. ML, MR, NE, SN, TD, TG)
Watford Hertfordshire WD23 2BW (GB). GRANT, Bruce ’ T S '
Alec Colin; c¢/o Smiths Detection-Wattord Limited, 459 Published:
féré() Avenue, Bushey, Wattord Hertfordshire WD23 2BW with international searchk report (Art. 21(3))
(74) Agent: LEACH, Sean; Mathys & Squire LLP, The Shard,

32 London Bridge Street, London SE1 9SG (GB).

(54) Title: APPARATUS AND METHOD FOR GASEOUS FLUID SAMPLING

Figure 1a

Distribution of
particulates
along line A

Figure 1b

(57) Abstract: A detector ilet for providing a sample to an analytical apparatus for detecting a substance of interest, the detector in -
let comprising a plenum for allowing passage of a tlow of a gaseous tluid, the plenum comprising a sampling volume a sampling in -
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APPARATUS AND METHOD FOR GASEOUS FLUID SAMPLING

The present disclosure relates to detection methods and apparatus, and more
particularly to methods and apparatus for obtaining samples for detectors, still more
particularly to methods and apparatus for obtaining samples of vapours in the presence
of particulates, these methods and apparatus may find particular application In

spectrometry, for example 1on mobility spectrometry and mass spectrometry.

Some detectors operate by “inhaling” a stream of fluid, such as air, into a detector inlet
and sampling that air with an analytical apparatus to detect substances of interest. That
Inhaled stream of air can be sampled from the detector inlet using a sampling inlet such

as a pinhole, capillary or membrane inlet.

Often, hand held, or portable devices may be needed for example for use by military and
security personnel. These personnel frequently operate In hostile environments in the
presence of large quantities of dust and grit and other particulate matter. Such
particulates may obstruct the sampling inlet, or otherwise damage the detector. In some
cases, particulates carried by the stream of air may comprise substances to which the
detector Is sensitive. If these accumulate in a detector or its inlets they may contaminate

the detector, and may cause recovery time issues.

Aspects and embodiments of the present disclosure aim to address related technical

problems.

Embodiments of the disclosure will now be described, by way of example only, with
reference to the accompanying drawings, In which:

Figure 1a shows a schematic illustration of a detector inlet;

Figure 1b illustrates a spatial distribution of particulates along line ‘A" shown In
Figure 1a;

Figure 1c shows a schematic illustration of a detector inlet;

Figure 2 shows a cross section of the detector inlet of Figure 1a;

Figure 3a shows a schematic illustration of a detector inlet having a cylindrical
flow passage;

Figure 3b lllustrates a spatial distribution of particulates along the line ‘B’ In

Figure 3a;
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Figure 4 shows a cross section of the detector inlet of Figure 3a at the line ‘B’ In
Figure 3D;

Figure 5 illustrates an example of a detector with the detector inlet of Figure 1a;

Figure 6 Illustrates an example of a detector with the detector inlet of Figure 3a;

Figure 7 illustrates another example of a detector with the detector inlet of Figure
1a; and

Figure 8 Illustrates another example of a detector with the detector inlet of Figure
3a.

In the drawings like reference numerals are used to indicate like elements.

Embodiments of the disclosure relate to detector Inlets for providing samples to an
analytical apparatus for detecting samples of interest. Such detectors may obtain
samples by first inhaling a flow of gaseous fluid, such as air carrying particulates, vapour
and aerosols. Samples may then be taken from this flow. For example, a pinhole inlet
may be used to take these samples and to provide them into a detector to enable a

substance of interest to be detected.

The particulates entrained In such an Inhaled flow may be spatially distributed
homogeneously throughout the inhaled flow. The presence of such particulates may
lead to contamination of the detector or blockage of the sampling inlet. Embodiments of
the disclosure aim to enable sampling of the vapour while inhibiting particulates from
entering or clogging the sampling Inlet. This may be achieved by inducing a circulatory
flow which encircles (e.g. surrounds) a region from which samples can be obtained (e.g.
by a sampling Iinlet of a detector). In this region the relative number of particulates Is
depleted because the otherwise largely homogeneous spatial distribution is modified by

the centrifuge effect of this circulatory flow.

The present disclosure explains a number of ways In which this can be achieved. Figure

1a shows a detector inlet that Is configured to operate In this fashion.

Figure 1a shows a detector inlet 1 comprising a flow Iinlet 2, a flow outlet 4 and a plenum
11. The plenum 11 comprises a wall 8 having an inner surface 12. A sampling inlet 14,
such as a pinhole, I1s arranged to obtain samples from a sampling volume 10 In the

plenum. Figure 2 shows a cross sectional view of the detector inlet 1 of Figure 1a. It can
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be seen In Figure 2 that the sampling inlet can be arranged to collect samples of
gaseous fluid from the centre region of the plenum 11. For example, In Figure 1 the
plenum Is viewed In plan, with the path of inhaled flow aligned with the plane of the
drawing. In this view the plenum 11 has a rounded shape, for example it Is circular. The

sampling Inlet may be arranged in or near the middle of this rounded shaped plenum.

The flow Inlet 2 and the flow outlet 4 may each comprise a conduit, such as a channel
cut into a block of material and enclosed or such as a pipe or tube. The flow inlet and the
flow outlet illustrated In Figure 1 are aligned In different directions. The flow Inlet 2 and
flow outlet 4 are both coupled to the plenum 11, which therefore sits at a bend In the
path of fluid through the detector inlet 1. At the plenum 11, the flow of gaseous fluid
undergoes a change In direction as it flows from the flow Inlet 2 through the plenum 11

to the flow outlet 4.

The plenum 11 comprises an internal volume bounded by the inner surface 12 of the
wall 8. As lllustrated, the surface 12 of the wall 8 may be curved, for example the
curvature of the inner surface 12 of the wall 8 may be arranged to provide a bend in the
path of the inhaled flow from the flow Inlet 2 to the flow outlet 4. As Illustrated in Figure 2,
the flow cross section of the plenum is greater than the flow cross section of the flow
INnlet 2. In this context the flow cross section refers to the area transverse to the direction
of flow of the gaseous fluid. For example, the plenum 11 may provide a broadening of
the flow path where the flow Iinlet 2 meets the plenum 11. This may act to slow the flow
of gaseous fluid as it enters the plenum 11. In the illustration of Figure 2, the flow outlet
4 |s shown In plan as having a greater flow cross section than the flow inlet 4. This Is one
way to provide a slower flow speed Iin the gaseous fluid flowing out from the plenum at
the flow outlet 4. Providing slower flow speed at the outlet may promote the creation of a

circulatory flow around the plenum.

As explained above, the flow Inlet 2 Is arranged to direct the gaseous fluid Into the
plenum 11. The plenum 11 comprises a first flow path around the outside of the bend
provided by the plenum 11 past one side of the sampling Inlet, and a second flow path
pback around the inside of the bend, past the other side of the sampling inlet. Thus, by
positioning the sampling inlet in or near the middle of the plenum 11, a circulatory flow of
fluid can be induced that encircles the sampling inlet 14. This circulatory flow may vary a

spatial distribution of the particulates carried by the fluid to increase a relative proportion
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of the particulates carried past the sampling inlet 14 without entering a sampling volume
10 from which the sampling inlet 14 obtains samples. The flow outlet 4 may be arranged
so that the flow of gaseous fluid leaves the plenum 11 at a lower speed than it enters
through the flow Inlet 2. For example the flow outlet 4 may present a broader flow cross
section to enable the same volume flow rate of gaseous fluid to flow through the outlet 4
as through the inlet 2, but at a lower linear speed. This may increase the tendency of the
gaseous fluid to flow back past the sampling Inlet on the Inside of the bend. For
example, In such embodiments fluid may flow Iinto the plenum 11, the flow then curves
around one side of the sampling Inlet, 1s Inhibited from completely entering the flow
outlet 4 by the slow flowing fluid at the flow outlet 4, and at least partially recirculates In
the plenum by flowing back past the sampling inlet on the other side of the sampling inlet
14.

In operation of the apparatus of Figure 1a, a flow of gaseous fluid Is Inhaled and passed
from the flow inlet 2, through the plenum 11 to the flow outlet 4. The plenum 11 provides
a change In direction of this flow of Iinhaled gaseous fluid, for example a bend In the
direction of flow from the flow Inlet 2. The outside of this bend Is provided by the wall 8 of
the plenum which Is curved inward. This changes the direction of flow of inhaled fluiq,
and bends the flow of fluid around the sampling inlet as it flows through the plenum 11.
As It reaches the flow outlet 4, some of the gaseous fluid leaves the plenum 11 through
the outlet 4, some however flows past the flow outlet 4 and remains in the plenum 11, so
IS guided back past the other side of the sampling inlet, on the Inside of the bend 13,
rather In the manner of an eddy current in a stream. When it has flowed back past the
sampling Inlet again to return to the flow inlet 2, this back flow may then re-join further
flow arriving in the plenum 11 at the flow inlet 2. This same cycle thus begins again, and
some of this re-joined flow Is recirculated, whilst some leaves through the outlet 4.
Accordingly, for at least part of the flow of gaseous fluid, such embodiments may
iIncrease the dwell time of the gaseous fluid around the sampling Inlet as compared to
the same flow along a straight pipe of constant cross section.

At least a portion of the fluid may thus flow In around the plenum, In a curveq, for
example at least partially circular flow path surrounding the sampling inlet, before exiting

the plenum via the flow outlet 4. It can be seen In Figure 2 that this circulatory flow
circulates about a rotation axis that I1s transverse to, for example perpendicular to, the

bulk flow direction of the gaseous fluid through the inlet 2 and outlet 4.
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This circulatory flow may provide centrifuging effect around the sampling inlet which
tends to cause the particulates carried by the flow to move towards the walls of the
plenum, e.g. away from the sampling inlet. This provides a region towards the axis of
rotation of the circulatory flow In which the proportion of particulates in the gaseous fluid
IS depleted with respect to other regions of the gaseous fluid flow e.g. region of the fluid
flow that are closer to the walls of the plenum 11. Vapour carried by the flow however
remains free to diffuse around the plenum 11, and into this depleted region. Methods of
the disclosure therefore comprise collecting samples of the gaseous fluid from this

depleted region to reduce the number of particulates that may clog the sampling inlet or
enter through the inlet and thus contaminate the detector.

A distribution of the particulates along line A and the sampling volume 10 is lllustrated In
the plot Iin Figure 1b. As shown In Figure 1b the number of particulates (e.g. the number
per unit volume) decreases as a function of distance from the surface 12 of the wall. For
example the number of particulates 1s lower towards the sampling volume 10 and away
from the Inside of the bend 13. As described above, the centrifuge effect causes the
particulates to move towards the walls of the plenum and this movement leads to the
change In the number of particulates with distance from the wall towards the sampling
volume. The distribution of particulates illustrated in Figure 1b shows a smaller number
of particulates In the region between the inside of the bend 13 and the sampling volume
10 relative to the region between the surface 12 of the wall and the sampling volume 10.
Without wishing to be bound by any particular theory, it Is believed that a portion of the
fluid In the region between the surface 12 of the wall and the sampling volume 10
passes Into the region between the inside of the bend 13 and the sampling volume 10,
therefore the fluid between the inside of the bend 13 and the sampling volume 10 may
have undergone a greater centrifuge effect and therefore may comprise fewer

particulates. It will be appreciated however that such a distribution iIs merely an example.

The curvature of the wall may be selected to reduce the impaction of the particulates on
Internal surfaces of the detector inlet 1. For example, the radius of curvature of the wall
may differ in different parts of the wall to provide a smooth path for the flow of fluid. For
example, a first part of the wall adjacent the flow Inlet 2 and a second part of the wall
adjacent the fluid outlet 4 both have a larger radius of curvature than the portion of the

wall coupling the first portion to the second portion. The change In the radius of
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curvature leads to a gradual change in the direction of flow of the inhaled gaseous fluid.
This may reduce the tendency of particulates and aerosols carried by the gaseous fluid
to Impact on and accumulate on the wall of the plenum.

Figure 1c shows an example of a detector Inlet such as that described above with
reference to Figure 1a. In Figure 1c however, the flow Inlet 2 Is aligned In the same
direction as the fluid outlet 4. The fluid outlet 4 however Is offset from the flow Inlet 2. For
INn the example Iillustrated in Figure 1c, the fluid outlet 4 I1s spaced laterally from the flow
Inlet, e.g. It Is spaced In a direction transverse to the direction of the fluid flow. In this
example, at least a portion of the fluild may flow In circles around the plenum,
surrounding the sampling Inlet, before exiting the plenum via the flow outlet 4 In a
direction parallel to the flow Inlet 2. In the example Iillustrated in Figure 1c the flow outlet
4 I1s located on an opposing side of the plenum 8 to the flow Inlet 2.The gaseous fluid
may therefore flow out of the plenum via the flow outlet 4 in the same direction as it flows
Into the plenum from the flow Inlet 2. In other embodiments however, the flow outlet 2
may also be located on the same side of the plenum 8 as the flow Inlet 2. For example,
the plenum may be located at the turn in a U-bend. These and other examples provide a
circulatory flow which rotates about an axis which is transverse to the direction of flow of

the gaseous fluid.

Other configurations of detector inlets may also be provided. The circulatory flow of fluid
IN the plenum may also circulate about an axis aligned to the flow direction. For example
the, plenum may comprise a conduit or flow passage 32, such as a cylinder, arranged so
that fluid can along it. In such configurations, the axis of rotation of the circulatory flow
may be aligned with a longitudinal axis of the flow passage. One such example is

llustrated In Figure 3a.

In the example Illustrated in Figure 3a, the detector inlet comprises a flow passage 32
arranged to provide a circulatory flow which rotates about an axis that is parallel with the
direction of flow of the gaseous fluid. As explained above, this circulatory flow can
provide a variation in the spatial distribution of particulates in the flow so that relatively
more of them are carried by the flow nearer the wall of the flow passage. The number of

particulates also decreases as a function of spacing from a wall of the flow passage.
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In more detail, Figure 3a shows a detector inlet having a flow passage 32, a flow Inlet
29, a first flow outlet 28 and a second flow outlet 30. The flow passage 32 comprises a
wall 33, a flow director In the form of fins 22 arranged on the Iinner surface of the wall 33
of the flow passage 32, a sampling volume 24 and a sampling inlet 14. Figure 4 shows a

cross section of the flow passage 32 of Figure 3a, taken at the line marked B In Figure
3a.

In the example lllustrated In Figure 3a and Figure 4, the flow passage 32 comprises a
conduit such as a channel cut into a block of material and enclosed or such as a pipe or
tube. The flow passage 32 defines the bulk flow direction. The flow Inlet 29 may
comprise a part of this flow passage 32. The first flow outlet 28 and second flow outlet
30 are separated along the flow passage 32 from the flow Inlet 29 and extend from the
trunk In a direction away from the axis of the trunk. For example, the flow outlets 28, 30
may branch out from the flow passage 32. For example they may be arranged at an
angle to the flow passage 32. They are Illustrated as being arranged transverse to (e.g.
perpendicular to) the flow passage 32, but In some embodiments they may be at least
partially aligned with the direction of the flow passage 32. For example the flow passage
and the flow outlets 28, 30 may be arranged in a Y-shape. In the example illustrated In
Figure 3a, the first flow outlet 28 and the second flow outlet 30 extend from the trunk In
different directions, for example the first flow outlet 28 may be arranged to carry a flow of
gaseous fluid In an opposite direction to the flow of fluid carried by the second flow outlet
30.

In Figure 3a, the flow director comprises a fin, or fins 22, that extend from the interior
wall 33 of the flow passage 32. The fin or fins 22 may be aligned with a helical path (in
the manner of a screw thread around and along the flow passage 32. To act as a flow
director, this fin (or fins) are In the path of at least a portion of the fluid flowing through
the flow passage. In the example illustrated, the flow director is in the form of two fins 22
that are coupled to the wall of the flow passage 32. A single fin, or a greater number of
fins, may also be used. The fins 22 need not be continuous, provided that they comprise
thin, elongate, structures which are aligned with at least part of a helical (e.g. corkscrew)
path along the flow passage. The fin (or fins) may be carried by the interior wall of the
flow passage along a helical path with the axis of the helix being aligned with the flow
passage 32, for example the helical path may be coaxial with the flow passage 32. The

fins 22 may be fixed to the wall 33 of the flow passage 32, for example the flow passage
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32 may be Integrally formed with the fins 22. The fins may extend at least 10 micron

from the wall 33 of the flow passage 32.

The flow passage 32 Is arranged to receive a sample from the flow Inlet 29. The fins 22
on the inner surface of the wall 33 of the flow passage 32 are arranged to alter the flow
direction of the fluid so that the fluid flows with a circulatory flow 20 having an axis of
rotation that is aligned with the bulk flow direction In the flow passage 32. The sampling
Inlet 14 I1s arranged to obtain samples from the sampling volume 24, for example as
llustrated In Figure 3a the sampling Inlet may be located In the centre of the sampling
volume. Figure 4 shows a cross sectional view of the flow passage 32 of Figure 3a.
Figure 4 shows the sample volume being coaxial to the flow passage 32 and encircled
by the flow of fluid 20. The flow path 20 is illustrated in Figure 3a and Figure 4 with the
circulatory flow of the fluid following the inner surface of the wall 33 and directed In an

anti-clockwise direction by the fins 22.

In operation the gaseous fluid I1s Inhaled through the flow inlet 29 through the flow
passage 32 and out of the first fluid outlet 28 and the second fluid outlet 30. The flow
director that extends from the interior wall 33 of the flow passage 32 changes the
direction of the flow of gaseous fluid through the flow passage. As the fluid moves along
the flow passage the change In direction provides a rotation to the fluid so that the flow
of fluid encircles the axis of the flow passage, for example in the manner that rifling of a
gun barrel Induces a circulatory motion to a bullet travelling along the barrel. The
gaseous fluid continues to rotate about the axis of the flow passage whilst travelling
towards the first fluid outlet 28 and the second fluid outlet 30. The gaseous fluid then

exits the flow passage via the first fluid outlet 28 and the second fluid outlet 30.

The circulatory fluid flow path 20 illustrated in Figure 3a and Figure 4 is a helical flow
path having an axis corresponding to the flow direction along the flow passage. The flow
path may be provided by the arrangement of fins 22. In the arrangement illustrated In
Figure 3a and Figure 4 the fins 22 are arranged on the surface of the flow passage with
the fins oriented to form a helical pattern having an axis that Is coaxial with the axis of
the flow passage. The fluid 1s therefore directed In a helical path, following the
orientation of the fins 22, along the flow passage 32. In the example illustrated in Figure
3a and Figure 4 the fins are arranged In an anti-clockwise helix with respect to the fluid
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flow and therefore as the fluid flows along the flow passage the fluid fins rotate the fluid

IN an anti-clockwise direction.

The circulatory flow of the fluid in the flow passage may vary a spatial distribution of the
particulates carried by the fluid. As described above the circulatory flow may increase
the relative proportion of particulates carried past the sampling inlet 14 without entering
the sampling volume 24 with the centrifuging effect of the circulatory flow causing the
particulates to move towards the walls of the flow passage 33. The movement of the
particulates towards the walls leads to a lower proportion of particulates, and therefore a

greater proportion of vapour, In the sampling volume.

In the example Illustrated In Figure 3a the nature of the circulatory flow of the fluid Is
determined by the arrangement of the fins 22. For example, the number of times the fluid
encircles the axis of the flow passage 32 for a given length of the flow passage 32 Is
determined by the position of the fins 22 on the wall 33 of the flow passage 32. An
arrangement of the fins having a larger number of rotations along the length of the flow
passage 32, for example the fins being arranged In a helix with a smaller pitch, may lead
to a larger number of cycles of the fluid about axis of the flow passage as the gaseous

fluid travels along the length of the flow passage.

The distribution of the particulates along line B and the sampling volume 24 is illustrated
In the plot In Figure 3b. As shown In Figure 3b the number of particulates decreases
from the wall 33 of the flow passage to the sampling Inlet. As described above, the
centrifuge effect causes the particulates to move towards the walls 33 and this reduces
the number of particulates in the sampling volume 24 that is positioned towards the axis

of the flow passage 32.

The sampling Iinlet 14 may be coupled to the detector inlet 1 and adapted for collecting
samples of the fluid from a sampling volume 10, 24 around the sampling inlet 14. In the
embodiments described herein the sampling Inlet used to take samples from a flow of
gaseous fluid may comprise a pinhole inlet. The sampler (not shown) Is configured to
draw a selected volume of fluid, smaller than the sampling volume 10, 24, through the
sampling Inlet 14 to provide a sample to the analytical apparatus. The sampler may
comprise an electromechanical actuator, for example a solenoid driven actuator, and/or
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a mechanical pump arranged to transfer vapour from the sampling volume 10, 24

through the sampling inlet 14 and into the analytical apparatus.

Figure 5 shows a detector 48 coupled to the detector inlet 1 via the sampling Inlet 14
and Figure 6 shows a detector 48 coupled to the detector inlet 3 via the sampling inlet
14. The detector 48 comprises a sampler 52 arranged to obtain samples of the fluid via

the sampling inlet and an analytical apparatus 53.

The analytical apparatus 53 Is configured to analyse the sample received from the
sampling Inlet, for example to determine one or more chemicals of interest in the
sample. The analytical apparatus 53 shown In Figure 5 and Figure 6 comprises a mass
spectrometer. A mass spectrometer may comprise an ioniser, an Ion accelerator, a
peam focusser, a magnet, and a faraday collector arranged to perform mass

spectrometry analysis on samples of vapour.

As Illustrated, a controller 50 Is coupled to control the analytical apparatus, the flow
provider and the sampler 52. The controller 50 may comprise a processor and a memory

storing Instructions for operation of the detector 48.

Figure 7 and Figure 8 shows a detector 68 In which the analytical apparatus comprises
an lon mobllity spectrometer 72 but which Is otherwise identical to the apparatus shown
IN Figure 5 and Figure 6. The 1on mobility spectrometer of Figure 7 Is coupled to a
detector Inlet 1 by a sampling inlet 14. The sampler 52 Is arranged to obtain samples of
the fluid through the sampling Iinlet 14 and to provide them to the ion mobility
spectrometer 72. As In the example of Figure 5 and Figure 6, the controller 50 may
comprise a processor and a memory storing instructions for operation of the detector 68.
Also as In Figure 5 and Figure 6, the sampler 52 may comprise an electromechanical
actuator, for example a solenoid driven actuator, and/or a mechanical pump arranged to
transfer vapour from the sampling volume 10, 24 (as illustrated Iin Figure 1a, Figure 1b,
Figure 1c, Figure 2, Figure 3a, Figure 3b and Figure 4) through the sampling inlet 14 into

the analytical apparatus.

A gate electrode 76 may separate the reaction region 38 from a drift chamber 62. The
gate electrode /6 may comprise an assembly of at least two electrodes, which may be

arranged to provide a Bradbury-Nielsen gate. The drift chamber 62 can comprise a
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collector 77 toward the opposite end of the drift chamber 62 from the gate electrode 76
for detecting ions. The drift chamber also comprises a drift gas inlet 74, and a drift gas
outlet 60 arranged to provide a flow of drift gas along the drift chamber 62 from the ion
collector 77 towards the gate /6. The sampler 52 can be operated by the controller 50 to
obtain fluid from sampling volume 10, 24 (as Illustrated in Figure 1a, Figure 1b, Figure
1c, Figure 2, Figure 3a, Figure 3b and Figure 4) through the sampling inlet 14. The
sampler 52 can also be operated to provide an obtained sample Into the reaction region
58 of the spectrometer 68. The reaction region shown In Figure 7 and Figure 8
comprises an ioniser 56 for ionising a sample. The ioniser 56 may comprise a corona
discharge ioniser. The drift chamber 62 may comprise drift electrodes 64, 70 for applying
an electric fleld along the drift chamber 62 to move ions towards the collector 77 against
the flow of the drift gas. Although the apparatus of Figure 7 and Figure 8 Is lllustrated as
comprising two drift electrodes 64, 70, some embodiments may comprise more than two

drift electrodes.

As explained above, detector Inlets of the present disclosure find particular application In
portable devices which may be used In hostile environments where dust and
contaminants are prevalent. These detector inlets may be used with a variety of
analytical apparatus, such as the mass spectrometer of Figure 5 and Figure 6 and the
lon moblility spectrometer of Figure 7 and Figure 8, other kinds of analysers,
spectrometers and/or chromatography apparatus. In addition, the detector inlet 1, 3 may

have different configurations.

In some examples described above, the flow director comprises a single flow inlet and a
single flow outlet. In other examples the flow director may comprise more than one flow
Inlet and more than one flow outlet. In an example the flow director comprises more flow
outlets than flow Inlets. The flow cross section of these Inlets and outlets may be
selected so that the total flow cross section of the flow outlets is greater than the total

flow cross section area of the flow inlet (or inlets).

In the examples Illustrated above, the surface of the flow director 1 directs the flow of
fluid to induce circulatory flow In the fluid. The flow director 1 may also comprise an
additional fluid path configured to direct additional gaseous fluid into the flow to create
the circulatory flow. The additional fluid path may comprise one or more jets of fluid that
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are arranged to introduce fluid into the flow director altering the flow path of the fluid to

create circulatory flow of the gaseous fluid.

In the example Illustrated in Figure 3a and Figure 4 the fins are arranged on the wall of
the flow passage in a helical arrangement so that the flow of the fluid Is In a helical path
along the flow passage. The fins may be arranged on the surface in a pattern other than
a helical pattern to induce circulatory motion of the fluid along the flow passage in a path
that Is not helical, for example It fins may be at least partially tapered, for example into a
cone shaped spiral. The fins are arranged to direct the fluid in an anti-clockwise helical
path, the fins may also be arranged In a clockwise helical pattern so that the fluid flows

IN a clockwise helical path.

In the example Illustrated in Figure 3a and Figure 4 the fins are arranged on the wall of
the flow passage 32. The helical pattern may have a uniform pitch along the length of
the helix. The helix may extend along at least a part of the flow passage, for example all
of the flow passage. The pitch of the helical fins may also vary along the length of the
flow passage, for example the pitch of the fins may be reduced Iin a portion of the flow
passage so circulatory flow Is such that the fluid undergoes more rotations about the

axis of the flow passage for a given length of the flow passage.

In the example Illustrated in Figure 3a and Figure 4 the flow director comprises fins that
extend from the wall 33 of the flow passage 32. The flow director may also comprise a
groove In the wall 33 of the flow passage 32 to direct the fluid in a circulatory path, for
example the groove may be an indented region on the wall 33 of the flow passage 32,

for example In the manner of a screw thread in a nut.

In the example Illustrated in Figure 3a and Figure 4 the fins extend from the wall 33 of
the flow passage 32. The fins may also extend from another part of the flow passage, for

example the fins may extend from the flow Inlet and/or flow outlet into the flow passage.

In the example Illustrated In Figure 3a and Figure 4 the first fluid outlet 28 and the
second fluid outlet 30 are positioned transverse to the flow passage 32. The fluid outlet
28 and/or the second fluid outlet 30 may also be at least partially aligned with the flow
direction, for example the fluid outlet 28 and/or the second fluid outlet 30 may be

oriented at 45 degrees with respect to the flow passage.
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In the example Illustrated In Figure 3a and Figure 4, the flow passage may be less than
20mm wide. For example it may be less than 10mm wide, for example less than Smm,
for example less than 2mm, for example less than 1.5mm, for example less than 1mm,
for example less than 0.70mm, for example less than 0.omm, for example less than
0.4mm, for example less than 0.3mm, for example less than 0.2mm, for example less

than 0. 1Tmm.

In the example Iillustrated In Figure 3a and Figure 4, the flow passage may be at least 10
microns wide, for example at least 0.1mm wide. For example it may be at least 0.2mm,
for example at least 0.3mm, for example at least 0.4mm, for example at least 0.5mm, for
example at least 0.75mm, for example at least Tmm, for example at least 1.5mm, for

example at least 2mm, for example at least Smm wide.

The detector inlet may further comprise a mover that moves the gaseous fluid around
the circulatory flow. The mover may be arranged to blow an additional flow of gaseous

fluid, such as a jet, around the internal surface of a wall of the flow passage or plenum.

The detector Inlet may further comprise a heater to heat the gaseous fluid in the plenum.
The heater may be configured to heat the flow of fluid, for example to heat the gaseous
fluid to vapourise aerosol carried by the flow. In an example the heater Is positioned In
the flow Inlet, flow passage and/or the plenum. The heater may comprise a resistive
heater such as a filament heater, for example a membrane heater. Examples of heaters

also include infrared light sources.

In the examples Illustrated In Figure 1a and Figure 3, the flow Inlet has a smaller flow
cross section area than the flow outlet. The flow Inlet may also have the same flow cross

section as the flow outlet. In some examples it may have a larger flow cross section than
the flow outlet.

In the example Illustrated in Figure 1a and Figure 3 the circulatory flow circulates about a
rotation axis that is transverse to the bulk flow direction. The circulatory flow may also
circulate about a rotation axis that is in a direction other than transverse to the bulk flow
direction, for example aligned to the bulk flow direction.

13
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The detector Iinlets described herein are illustrated as being arrangements of conduits,
such as hoses or pipes. As noted above however they may also be provided by
channels, and plenums, which are cut into a block of material, and then enclosed. In
such embodiments the flow passages and Inlets described herein may not have a

circular cross section.

It should also be appreciated that particular combinations of the various features
described and defined In any aspects of the invention can be Implemented and/or
supplied and/or used independently. Other examples and variations will be apparent to

the skilled addressee In the context of the present disclosure.
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CLAIMS

1. A detector Inlet for providing a sample to an analytical apparatus for detecting a
substance of interest, the detector inlet comprising:

a plenum for allowing passage of a flow of a gaseous fluid, the plenum comprising a
sampling volume;

a sampling inlet arranged In the plenum and arranged to collect samples of the
gaseous fluid from the sampling volume and to provide the samples to the analytical
apparatus, wherein the flow carries particulates; and

a flow director arranged to create circulatory flow of the gaseous fluid around the
plenum encircling the sampling inlet thereby to vary a spatial distribution of the particulates
carried by the fluid to increase a relative proportion of the particulates carried past the

sampling inlet without entering the sampling volume.

2. The detector inlet of claim 1, wherein the plenum is arranged to direct the flow of fluid
IN a flow direction and so that the circulatory flow circulates about an axis of rotation that is

transverse to the flow direction.

3. The detector inlet of claim 2, wherein the flow director comprises a flow Inlet to the
plenum and a flow outlet from the plenum wherein the flow outlet is aligned to carry flow In a

direction that is transverse to a direction of flow into the plenum from the inlet.

4. The detector inlet of claim 3 wherein the flow inlet has a smaller cross section than

the flow outlet.

5. The detector Iinlet of any preceding claim, wherein the flow director comprises a
curved wall of the plenum arranged so that the circulatory flow follows an internal surface of

the curved wall of the plenum.

0. The detector inlet of claim 5, wherein varying the spatial distribution of particulates
carried by the flow comprises decreasing the relative proportion of the particulates carried by

the flow with distance from the curved wall of the plenum.

/. The detector Inlet of any preceding claim, wherein the plenum is arranged to direct
the flow of gaseous fluid In a flow direction and Is configured so that the circulatory flow

circulates about an axis of rotation that is aligned with the flow direction.
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3. The detector inlet of claim 7 wherein the plenum comprises a cylinder and the axis of

rotation Is aligned with a longitudinal axis of the cylinder.

9. The detector Inlet of claim 7 or 8, wherein the flow director comprises a flow Iinlet to
the plenum and a flow outlet from the plenum, and the flow inlet and the flow outlet are

spaced apart in the flow direction.

10. The detector Iinlet of any preceding claim, wherein the flow director comprises a

structure aligned with a helical path Iin the plenum, for example wherein the structure

comprises a fin or, a groove In the wall of the plenum.

11. The detector inlet of any of claims 1 to 10 wherein the flow director comprises a
mover arranged to move gaseous fluid around the circulatory flow, for example wherein the
mover IS arranged to blow a jet of gaseous fluid around an internal surface of a wall of the

plenum.

12. The detector inlet of any preceding claim, further comprising a heater to heat the

gaseous fluid Iin the flow passage.

13. The detector inlet of any preceding claim, further comprising an additional fluid path

configured to direct additional gaseous fluid into the flow to create the circulatory flow.

14. A detector Inlet comprising an analytical apparatus for detecting a substance of
Interest and a detector inlet according to any preceding claim arranged to provide samples of

the gaseous fluid to the analytical apparatus.

15. A detector inlet for providing a sample to an analytical apparatus for detecting a
substance of interest, the detector inlet comprising:

a flow passage for carrying an inhaled flow of gaseous fluid in a flow direction;

a flow director arranged to create a circulatory flow of the gaseous fluid around the
flow passage, wherein the circulatory flow has an axis of rotation that is aligned with the flow

direction thereby to vary a spatial distribution of particulates carried by the fluid.

10. The detector inlet of claim 15, further comprising a sampling inlet adapted to collect

samples of the fluid from a sampling volume encircled by the circulatory flow.
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17. The detector inlet of claim 15 or 16, wherein the flow director comprises a surface
configured to alter a direction of the flow of gaseous fluid to create the circulatory flow, for

example wherein the surface comprises a groove or fin.

18. The detector inlet of any of claims 15 to 17, wherein the flow director comprises an
additional fluid path configured to deliver an additional flow of gaseous fluid into the inhaled

flow to cause the circulatory flow.

19. The detector inlet of any of claims 15 to 18 wherein the flow director comprises a flow
INlet to the flow passage and a flow outlet from the flow passage, and the flow inlet and the

flow outlet are spaced apart along the direction of the axis of rotation.

20. The detector inlet of claim 19, wherein the flow outlet comprises a first flow outlet and
a second flow outlet, and the sampling inlet is arranged between the first flow outlet and the

second flow outlet.

21. The detector inlet of claim 20, wherein the first flow outlet and the second flow outlet

are at least partially aligned with the flow direction.

22. A method of detecting a substance of interest, the method comprising:

providing a flow of gaseous fluid along a flow passage in a flow direction, the flow
passage including a sampling volume;

Inducing a circulatory flow of the gaseous fluid around the flow passage,

obtaining samples of the gaseous fluid from the sampling volume, wherein the
circulatory flow encircles the sampling volume,

and providing the samples to a detector for detecting the substance of interest.

23. The method of claim 22, wherein the flow passage comprises a plenum having a
curved wall and the circulatory flow of the gaseous fluid follows an internal surface of the

curved wall.
24 The method of claim 23, wherein the circulatory flow varies the spatial distribution of

particulates carried by the flow so that the relative proportion of the particulates carried by

the flow around the plenum decreases with distance from the curved wall of the plenum.
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29. The method of claim 23 or 24, wherein the curved wall directs the flow of gaseous
fluid In a flow direction and the circulatory flow circulates about an axis of rotation that is

aligned with the flow direction.

20. The method of claim 25 wherein the plenum comprises a cylinder and the axis of

rotation i1s aligned with a longitudinal axis of the cylinder.

217 The method of claim 25 or 26 wherein the flow of gaseous fluid flows from a flow inlet
to a flow outlet, and the flow inlet and the flow outlet are spaced apart in the direction of the

longitudinal axis of the cylinder.

28. The method of claim 22, wherein the flow of fluid flows In a flow direction and the

circulatory flow circulates about an axis of rotation that is transverse to the flow direction.
29. The method of claim 28, wherein the flow of fluid flows from a flow Inlet to a flow
outlet and the flow outlet carries the flow In a direction that i1s transverse to a direction of flow

from the flow Inlet

30. The method of claim 29 wherein the flow of fluid in the flow Inlet I1s faster than the

flow of fluid In the flow outlet.

31. The method of any of claims 23 to 30, further comprising heating the sample in the

flow passage.

32. The method of any of claims 23 to 31, further comprising providing an additional flow

of gaseous fluid into the flow passage path to create the circulatory flow.
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