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(57) Abrégé/Abstract:

A flow body flow meter includes a flow body and a sensor having one or more probes in the flow body. As a wet gas stream enters
the flow body, an internal passage imparts angular momentum to the stream to induce a rotating flow. The wet gas stream at least
intermittently carries liquid phase particles and the inertia of the denser liquid phase particles separates them from the rotating flow.
The probes of the sensor are located in a part of the rotating flow that is free of any liquid phase particles. The internal passage may
include an axial swirler and a cylindrical section downstream from the axial swirler. The axial swirler imparts the nonlinear motion to

the stream, and tips of the probes are located near a center axis of the cylindrical section so they are free of any liquid phase
particles.
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(57) Abstract: A flow body flow meter includes
a flow body and a sensor having one or more
probes in the flow body. As a wet gas stream
enters the flow body, an internal passage im-
parts angular momentum to the stream to induce
a rotating flow. The wet gas stream at least in-
termittently carries liquid phase particles and
the inertia of the denser liquid phase particles
separates them from the rotating flow. The
probes of the sensor are located in a part of the
rotating flow that is free of any liquid phase
particles. The internal passage may include an
axial swirler and a cylindrical section down-
stream from the axial swirler. The axial swirler
imparts the nonlinear motion to the stream, and
tips of the probes are located near a center axis
of the cylindrical section so they are free of any
liquid phase particles.
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Thermal Anemometer Flow Meter for the Measurement of Wet Gas Flow
Ralph A. Dalla Betta
Daniel R. Kurz
Bruce B. Burton
Ricardo Martinez
Jerome L. Kurz
FIELD OF INVENTION

[0001] This invention relates to methods and apparatus to measure flow characteristics

of a stream of gas phase particles that intermittently carries liquid phase particles.
DESCRIPTION OF RELATED ART

[0002] The measurement of gas flows containing liquid droplets or mist is known to be
very difficult. For example, Steven and Hall published data showing that for an orifice
platc diffcrential pressure flow mcter, a 10% liquid mass flow Icads to a 20% crror in
gas flow measurement. See R. Steven, A. Hall, Flow Measurement and
Instrumentation 20(2009) 141-151. While they show a correlation that allows the
meter to be corrected to provide a reading within 2% of the actual gas flow, this
requires knowing the liquid mass flow rate. Similar errors were reported by Lupeau
and co-workers for a venturi differential pressure flow meter. See A. Lupeau et al.,
Flow Measurement and Instrumentation 18(2007)1-11. Other flow meter types have
been applied to the measurement of so called wet gas, which describes a gas phase
stream containing liquid phase droplets. Daniel and Lund describe a technique to
measure wet gas flow rate using a venturi differential pressure type device however the
design 1s very complicated involving multiple pressure transducers. See US Patent No.
6,898,986. An additional disadvantage of these differential pressure meters is that they
have a very narrow dynamic operating range, typically 5:1 or at the most 10:1. For
example, the meter sold by Solartron ISA of United Kingdom has a turndown ratio of
8:1. Many flow measurement applications have a much wider range of flow rate that
must be measured. For example wet gas steam flows in building heating applications
can vary by 50 or 100 to 1 from winter to summer and high load to low load. Such a

meter would have to be sized for the high flow and would not have a usable signal
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[0003] Other technologies have been explored to measure wet gas flow. Dutton
describes the use of a Coriolis type flow meter to measure both the gas flow rate and
the liquid flow rate. See US Patent No. 7,231,835. The measurement technique utilizes
two Coriolis meters configured to measure different parameters allowing the
calculation of the target flow rates. Ultrasonic and vortex shedding type flow meters
have been used to measure wet gas flow but these instruments suffer from
disadvantages as well. Vortex shedding flow meters cannot measure at low flow
velocities and ultrasonic meters are expensive and suffer from liquid film effects on the

transducers.

[0004] Thermal anemometer type flow meters have a very wide dynamic range, 100:1
and in some cases up to 1000:1. In addition, they have good durability, good accuracy,
and high repeatability, and they have long proven themselves in the measurement of
dry gas flow in a varicty of applications. Howcver, thermal ancmomcter type flow
meters are very sensitive to liquid in the gas stream since any liquid contacting the
sensor probes will cause a high erroneous reading. Nonetheless, the significant
advantages of a thermal anemometer type flow meter make it highly desirable to

develop a thermal anemometer flow meter that could operate in wet gas flows.
BRIEF DESCRIPTION OF THE DRAWINGS
[0005] In the drawings:

Fig. 1 illustrates a conventional thermal anemometer flow meter having

two probes in a flow stream;

Fig. 2 illustrates the thermal anemometer flow meter of Fig. 1 applied to

the measurement of a gaseous flow containing droplets of liquid;

Figs. 3A, 3B, 3C are charts showing measurement results from the

thermal anemometer flow meter of Fig. 1 in the setup of Fig. 2;

Fig. 4A illustrates a system with a flow body flow meter in one or more

embodiments of the present disclosure;

2
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Fig. 4B illustrates the system of Fig. 4A where a duct is inclined at an

angle in one or more embodiments of the present disclosure;

Fig. 5 illustrates an axial swirler in the flow body flow meter of Fig. 4 in

one or more embodiments of the present disclosure;

Fig. 6 illustrates a variation of the flow body flow meter of Fig. 4 with a
contracting section for reducing or eliminating a recirculation zone
downstream of the axial swirler in one or more embodiments of the

present disclosure;

Fig. 7 illustratcs a flow body flow mcter that is a variation of the meter
of Fig. 4 with a ducted outlet in one or more embodiments of the present

disclosure;

Fig. § illustratcs a system with a flow body flow mcter aligned parallcl

with a flow in one or more embodiments of the present disclosure;

Fig. 9 illustrates a system with an external flow body flow meter located

outside of a pipc in onc or morc cmbodiments of the present disclosurc;

Fig. 10A illustrates a system with a flow body flow meter for an upward

flow in one or more embodiments of the present disclosure;

Fig. 10B illustrates a variation of the flow body flow meter of Fig. 10A

in one or more embodiments of the present disclosure;

Figs. 11A and 11C illustrate a system with a flow body flow meter that
is a variation of the meter of Fig. 6 modified for an upward flow in one

or more embodiments of the present disclosure;

Fig. 11B illustrates one problem with applying the flow body flow meter
of Fig. 6 to an upward flow in one or more embodiments of the present

disclosure;
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Fig. 12 illustrates a variation of the flow body flow meter of Fig. 6 with
a twisted band axial swirler in one or more embodiments of the present

disclosure;

Fig. 13 illustrates a variation of the flow body flow meter of Fig. 6 with

a helical channel in one or more embodiments of the present disclosure;

Figs. 14A and 14B illustrate a system with a flow body flow meter
having a cyclone separator in one or more embodiments of the present

disclosure;

Figs. 15A and 15B illustrate a system with a flow body flow meter
having a half annulus flow channel in one or more embodiments of the

present disclosure;

Fig. 16A illustratcs a variation of the flow body flow mctcr of Fig. 6

with a pre-filter in one or more embodiments of the present disclosure;

Fig. 16B illustrates a variation of the flow body flow meter of Fig. 16A
with opposing inlct and outlct in onc or more ecmbodiments of the

present disclosure;

Fig. 17 is a chart showing measurements of the flow body flow meter of
Fig. 6 in the setup of Fig. 2 in one or more embodiments of the present

disclosure;

Fig. 18 illustrates a flow body flow meter attached to an extension rod
inserted into a large diameter pipe or duct through a flange in one or

more embodiments of the present disclosure;

Fig. 19 shows an array of flow body flow meters for a large horizontal

duct in one or more embodiments of the present disclosure;

Fig. 20A shows an array of flow body flow meters for a large horizontal

duct in one or more embodiments of the present disclosure; and
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Fig. 20B shows the mounting of a flow body flow meter to a support rod

of Fig. 20A in one or more embodiments of the present disclosure.

[0006] Use of the same reference numbers in different figures indicates similar or

identical elements.
SUMMARY

[0007] In one or more embodiments of the present disclosure, a system includes a flow
body flow meter. The flow body flow meter includes a flow body and a sensor having
one or more probes in the flow body. As a wet gas stream enters the flow body, an
intcrnal passage imparts angular momentum to the strcam to inducc a rotating flow.

The wet gas stream at least intermittently carries liquid phase particles and the inertia of
the denser liquid phase particles separates them from the rotating flow. The probes of

the sensor are located in a part of the flow that is free of any liquid phase particles.

[0008] The internal passage may include an axial swirler and a cylindrical section
downstream from the axial swirler. The axial swirler imparts the angular momentum to
the stream, and the probes are located near a center axis of the cylindrical section so

they arc free of any liquid phasc particles.
DETAILED DESCRIPTION

[0009] Fig. 1 illustrates a conventional thermal anemometer flow meter 100. Flow
meter 100 includes a thermal anemometer sensor 101 having probes 102 and 103, leads
104, and an electric controller circuit 105. Probes 102 and 103 are inserted into a
stream. Probe 102 measures the stream temperature while probe 103 is heated and
simultaneously monitors its own temperature. Leads 104 connect probes 102 and 103
to an electrical controller circuit 105 to form a thermal anemometer flow meter. While
there are several modes by which flow meter 100 can operate, in one mode electrical
controller circuit 105 provides electrical power input to probe 103 to maintain its
temperature at a set value above the temperature sensed by probe 102 (i.e., the stream
temperature). The power required is a function of heat loss, which is proportional to
the mass flow of the stream past probe 103. A variety of commercial flow
instrumentation is produced and sold using this technology. Several important aspects

of flow meter 100 include that it has demonstrated a very wide turndown ratio (200 to 1
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is routinely possible), has good accuracy and high reproducibility over this large flow
rate range, and has a high durability since there are no orifices to plug or moving parts

to wear.

[0010] Fig. 2 illustrates flow meter 100 applied to the measurement of a wet gas
stream. Sensor 101 is installed in a four inch diameter pipe 202 connected to a fan 203
to provide an air flow over the meter. Upstream of sensor 101 is installed a water mist
injector 204 that produces a fine water mist containing water droplet ranging in size
from about 5 to about 100 microns in diameter. Flow meter 100 is calibrated to read air
flow velocity in standard feet per minute (SFPM). Fan 203 is adjusted to provide air
flow velocities of 1,000, 5,000 and 10,000 SFPM. At each velocity water mist injector
204 is turned on at a flow rate of 54 grams of liquid water per minute to produce a low
mass flow of water mist in the air flow producing a wet gas stream flowing over probes

102 and 103.

[0011] Figs. 3A, 3B, and 3C show the rcsponse of thermal ancmomctcer flow meter
100. Even though the water mass flow fractions are very low, 1.6 to 0.17%, the effect
on flow meter 100 is significant, causing the flow meter to read 14 times too high at

1,000 SFPM and to drive the flow meter signal to full scale at 5,000 and 10,000 SFPM.

[0012] The large effect of the water mist can be understood as follows. The air is at
about 25°C and probe 103 is heated about 50°C above the temperature of the air flow
stream. The amount of power applied to keep probe 103 at about 75°C is proportional
to the air flow rate. The water is essentially at the same temperature as the air at about
25°C. When the water mist is turned on, the water droplets impact probe 103 and
extract heat from the probe. This causes electrical control circuit 105 to ramp up the
heating current to maintain probe 103 at about 75°C and report a very large flow
velocity. For this type of flow meter to be used to measure the gas flow rate in a wet
gas stream, no liquid water droplets can impact probe 103. While this type of meter has
significant advantages over other types of flow measurement technology, no thermal
anemometer technology has been demonstrated to measure gaseous flow rate in the

presence of liquid droplets.

[0013] In one or more embodiments of the present disclosure, a flow measurement

system includes a flow body flow meter with a flow body and a sensor inside the flow
6 -
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body. The sensor may be a thermal anemometer sensor. The system is exposed to a
wet gas stream, which is a stream of gas phase particles that at least intermittently
carries liquid phase particles (e.g., a mist or droplets). The flow body separates the
liquid phase particles from a portion of the wet gas stream and directs that portion of
the wet gas stream over probes of the sensor to allow for an accurate measurement of
the gas flow rate. Throughout this specification, gas phase particles and gas phase will
be used interchangeably with the use of particles to mean molecules or any gas phase

spccics that can be measurcd by a gas phasc flow meter.

[0014] In one or more embodiments of the present disclosure, the flow body includes a
rotational path imparting angular momentum to the stream such that the inertia of the
denser liquid phase particles drives them to the outside of the rotating stream by
centrifugal force. As the liquid phase particles are driven to the outside of the rotating
stream within the flow body, they are directed away from the sensor probes such that
only the gas phase particles of the stream contact the sensor probes. The rotational path
can be onc or morc full circles or can be a portion of a circle, for cxamplc a quarter

circle where the gas phase traverses a 90 degree corner.

[0015] Fig. 4A illustrates a system with a flow body flow meter 400 in one or more
embodiments of the present disclosure. Meter 400 includes a flow body 401 and a
sensor 413 in the flow body. Meter 400 measures properties of a wet gas stream 403
flowing through a pipe or duct 402. Stream 403 at least intermittently carries liquid

phase particles.

[0016] Flow body 401 is mounted normal to the bottom of duct 402 so the flow body is
substantially orthogonal to the flow direction. Flow body 401 is tube like with a lateral
inlet 404 pointing substantially into the flow direction, an internal passage 416
downstream from the inlet, and a lateral outlet 408 downstream from the internal
passage and pointing substantially away from the flow direction. Inlet 404 is located
away from the duct wall and outlet 408 is located near the duct wall. Alternatively
flow body 401 is mounted normal to the top of duct 402 where inlet 404 is located near
the duct wall and outlet 408 is located away from the duct wall.

[0017] Internal passage 416 includes an axial swirler 405 downstream from inlet 404,

and a cylindrical section 407 downstream from the axial swirler. Axial switler 405

-7 -
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provides a rotational path imparting angular momentum to a portion 403 of stream 403
that enters flow body 401. Sensor 413 includes one or more probes 409 and 410.
Sensor 413 is located near the outlet end of flow body 401, and probes 409 and 410
extend axially into cylindrical section 407 so they are located near the center axis of the
cylindrical section and away from an interior wall 412 of the cylindrical section.

Sensor 413 may be a flow sensor, such as a thermal anemometer sensor that can
measure mass flow, volumetric flow, or velocity. Alternatively, sensor 413 may be a
diffcrent type of scnsor that measurces tempcrature, heat capacity, density, viscosity,
humidity, or other fluid properties thus allowing flow body 401 to be used to measure

these properties without interference from the liquid phase particles.

[0018] Stream 403 enters inlet 404 of flow body 401. Flow body 401 turns stream
403 downward through axial swirler 405. Partitions 502 of axial swirler 405 cause
steam 403’ to move in a helical motion as it passes through the axial swirler. Stream
403’ continues to move in a circular manner down into cylindrical section 407 before

flow body 401 turns the strcam sideways and out through outlet 408.

[0019] The helical motion imparts a rotational component or angular momentum to
stream 403" within axial swirler 405 and in cylindrical section 407 that forces the
denser liquid phase particles to the periphery of the cylindrical section away from
probes 409 and 410 of sensor 413. When axial swirler 405 imparts sufficient angular
momentum to stream 403’ that continues into cylindrical section 407, then essentially
all of the liquid phase particles are forced to interior wall 412 of the cylindrical section
and probes 409 and 410 are exposed to a part of the stream 403° without liquid phase
particles. The liquid phase particles will run down interior wall 412 and exit through
outlet 408. The outlet end of flow body 401 may include an elbow 417 having a
bottom surface forming an angle “a” to the horizontal plane to aid the exit of the liquid
phase particles. It should be noted that sensing portion of probes 409 and 410 are
located at their tips so that some liquid contact at the bottom of the probes as the liquid
phase particles exit through outlet 408 does not have a significant effect on the sensor

signal.

[0020] In one or more embodiments, duct 402 may be inclined as long as the flow

velocity of stream 403 is sufficient to drive liquid phase particles out from flow body

-8-
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401 so they do not collect within cylindrical section 407 and interfere with the
operation of probes 409 and 410. As show in Fig. 4B, duct 402 can have an angle “b”
to the horizontal plane. As angle b increases, the liquid phase flow out of flow body
401 may become restricted. When angle b exceeds angle a of elbow 417 (Fig. 4A),
gravity may cause the liquid phase particles to collect in internal passage 407 (Fig. 4A).
At very high flow velocity, there may be no limit on angle b since a fast gas flow
through flow body 401 will drive the liquid phase flow out. Similarly, angle b can be
ncgative, with duct 402 pointing vertically down without limitation to an anglc b of -90

degrees.

[0021] Fig. 5 illustrates axial swirler 405 in flow body flow meter 400 in one or more
embodiments of the present disclosure. Axial swirler 405 has partitions 502, such as
angled vanes or blades, arrayed around the outside of a central hub 503. As stream
403 (Fig. 4A) flows down into the open space between partitions 502, it is forced to
flow in a clockwise direction (looking down into the swirler). Thus stream 403’ exiting
axial swirler 405 has some downward momentum and some clockwisc angular
momentum. Axial swirler 405 may have different designs where the numbet, the

length, the angle, and the shape of the vanes may be varied.

[0022] In system 400 of Fig. 4, axial swirler 405 may create a recirculation zone in the
center of stream 403" just downstream of the axial swirler. This recirculation zone may
disturb the flow over probes 409 and 410 and cause liquid phase particles to impact the
probes. One way to reduce or eliminate such a recirculation zone is to reduce the flow

area in the region downstream from axial swirler 405.

[0023] Fig. 6 illustrates a system with a flow body flow meter 600 that is a variation of
meters 400 (Fig. 4) in one or more embodiments of the present disclosure. Meter 600 is
similar to meter 400 but has a reduced flow area downstream from axial swirler 405.

Meter 600 is mounted to duct 402 similar to meter 400.

[0024] Meter 600 includes a flow body 601 and sensor 413 in the flow body. Flow
body 601 is tube like with lateral inlet 404, an internal passage 616 downstream from
the inlet, and lateral outlet 408 downstream from the internal passage. Internal passage
616 includes axial swirler 405 downstream from inlet 404, a wide cylindrical section

607 downstrcam from the axial swirler, a narrowing section 618 downstream from the

-9.-
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wide cylindrical section, and a narrow cylindrical section 620 downstream from the
narrowing section. Narrowing section 618 reduces the flow area downstream from
axial swirler 405. Narrowing section 618 may reduce the flow arca by a contraction
ratio (flow cross sectional area of wide cylindrical section 607 divided by flow cross
sectional area of narrow cylindrical section 620) of 0.9 to 0.2, 0.8 to 0.4, or 0.7 to 0.4.
Narrowing section 618 may have a conical shape. Probes 409 and 410 extend axially
into narrow cylindrical section 620 so they are located near the center axis of the
narrow cylindrical scction and away from an intcrior wall 612 of the narrow cylindrical
section. In addition to eliminate or reduce a recirculation zone downstream of axial
swirler 405, narrow cylindrical section 620 may also increase the stream velocity and
the rotational velocity to enhance the centrifugal force and thus be more effective in

driving liquid phase particles to the outside of the flow path.

[0025] As similarly described above, flow body 601 may include elbow 417 and duct
402 may be inclined as long as the flow velocity of stream 403” is sufficient to drive
liquid phasc particles out from flow body 601 so thcy do not collect within narrow

cylindrical section 620 and interfere with the operation of probes 409 and 410.

[0026] Fig. 7 illustrates a system with a flow body flow meter 700 that is a variation of
meter 400 (Fig. 4) in one or more embodiments of the present disclosure. Meter 700 is
similar to meter 400 but sensor 413 is located in an outlet duct 708. Meter 700 is

mounted to duct 402 similar to meter 400.

[0027] Meter 700 includes a flow body 701 and sensor 413 in the flow body. Flow
body 701 is tube like with lateral inlet 404, internal passage 416 downstream from the
inlet, and outlet duct 708 downstream from the internal passage. Outlet duct 708 is a
horizontal duct. Sensor 413 is mounted to the bottom of outlet duct 708 where probes
409 and 410 extend vertically into the outlet duct so their tips are located near the
center axis of the outlet duct and away from an interior wall 712 of the outlet duct. In
meter 700, the liquid phase particles run down to the bottom of outlet duct 708 without

contacting the probe tips.

[0028] As similarly described above, flow body 701 may include elbow 417 and duct

402 may be inclined as long as the flow velocity of stream 403 is sufficient to drive

- 10 -
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liquid phase particles out from flow body 701 so they do not collect within outlet duct
708 and interfere with the operation of probes 409 and 410.

[0029] Fig. 8 illustrates a system with a flow body flow meter 800 aligned parallel with
a flow in one or more embodiments of the present disclosure. Meter 800 includes a
flow body 801 and sensor 413 in the flow body. Flow body 801 is tube like with an
inlet 804, internal passage 416 downstream from the inlet, and a outlet 808 downstream
from the internal passage. Flow body 801 is oriented in line with the flow of stream
403 in duct 402 so that inlet 802 is pointed essentially in the flow direction and outlet
808 is pointed essentially away from the flow direction. In internal passage 416, axial
swirler 405 imparts rotational component or angular momentum to stream 403’. The
denser liquid phase particles in this rotating flow are driven to interior wall 412 of
cylindrical section 407 and only gas phase particles contact probes 409 and 410 of
sensor 413. In meter 800, sensor 413 is shown entering from the side of flow body 801
downstream of axial swirler 405. Tn one or more alternative embodiments, sensor 413
may cntcr flow body 801 from the outlet cnd with the outlet flow diverted to onc side

as shown in meters 400 and 600 in Figs. 4 and 6.

[0030] As similarly described above, duct 402 may be inclined as long as the flow
velocity of stream 403 is sufficient to drive liquid phase particles out from flow body
801 so they do not collect within internal passage 416 and interfere with the operation
of probes 409 and 410.

[0031] Fig. 9 illustrates a system with a vertically oriented flow body flow meter 900
located outside of pipe 402 in one or more embodiments of the present disclosure.
Meter 900 includes a flow body 901 and sensor 413 in the flow body. Flow body 901
includes a top inlet 904, an internal passage 416 downstream from the inlet, and lateral
outlet 408 downstream from internal passage 416. Internal passage 416 includes an
axial swirler 405 downstream from inlet 904 and cylindrical section 407 downstream

from the axial swirler. Flow body 901 may include elbow 417.

[0032] A diverter pipe 924 has an inlet located in pipe 402, and the diverter pipe has an
outlet coupled to inlet 904 of flow body 901. Diverter pipe 924 may consist of an
elbow section, a straight section, and a U-shaped section. A return pipe 926 has an

inlet coupled to outlet 408 of flow body 901, and the return pipe has an outlet located in
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pipe 402. Return pipe 926 may consist of a first elbow section and a second elbow
section of the opposite direction. Sensor 413 is located at the downstream end of flow
body 901 and probes 409 and 410 extend axially into cylindrical section 407 so they are
located near the center axis of the cylindrical section and away from interior wall 412

of the cylindrical section.

[0033] One advantage of system 900 is that the flow over axial swirler 405 and probes
409 and 410 is vertically downward so that the liquid phase particles flow out more
readily. By modifying diverter pipe 924 and return pipe 926, system 900 may be used
on substantially vertical pipes or ducts flowing upward or downward while maintaining
the orientation of meter 900. It should be noted that the flow path downstream of axial
swirler 405 in meters 700, 800, and 900 of Figs. 7, 8 and 9 may have a reduced flow
area by incorporating a narrowing section 618 downstream of the axial swirler as

shown in meter 600 of Fig. 6.

[0034] Upward flow in a pipc or duct presents a special problem. The upward velocity
can drive a wet gas stream into an opening facing downward into the flow. However,
when the liquid phase particles are separated from the gas phase particles, forcing the
denser liquid phase to flow upward may be difficult unless the gas velocity is very high.
Several embodiments have been developed that may perform well in an upward

flowing vertical pipe or duct.

[0035] Fig. 10A illustrates a system with a flow body flow meter 1000A for measuring
an upward flow in one or more embodiments of the present disclosure. Meter 1000A is
similar to meters 400 and 600 in Figs. 4 and 6 but utilizes a U-shaped inlet 1004, Meter
1000A is aligned parallel with a flow in a pipe or duct 1002. Duct 1002 may be
vertical or angled up to 45 degrees from the vertical direction. Meter 1000A includes a
flow body 1001 and sensor 413 in the flow body. A wet gas stream 1003 flows through
duct 1002. Stream 1003 at least intermittently carries liquid phase particles.

[0036] Using upstream and downstream to refer to the flow in flow body 1001, the
flow body is tube like with U-shaped inlet 1004, internal passage 416 downstream from
the inlet, and lateral outlet 408 downstream from the internal passage. Internal passage
416 includes axial swirler 405 downstream from inlet 1004, and cylindrical section 407
downstream from the axial swirler. Flow body 1001 may include elbow 417.
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[0037] Now using upstream and downstream to refer to the flow in duct 1002, inlet
1004 is located downstream from outlet 408 and faces into stream 1003. Sensor 413 is
located at the upstream end of flow body 1001 and probes 409 and 410 of the sensor
extend axially into cylindrical section 407 so they are located near the center axis of the

cylindrical section and away from interior wall 412 of the cylindrical section.

[0038] The upward flowing gas velocity drives a portion 1003’ of stream 1003 into
inlet 1004, through axial swirler 405, over probes 409 and 410 of sensor 413 and out
through outlet 408. As similarly described above, partitions 502 of axial swirler 405
cause stream 1003’ to move in a helical motion. The helical motion imparts rotational
component or angular momentum to stream 1003’ within axial swirler 405 and in
cylindrical section 407 that forces the denser liquid phase particles to the periphery of
the cylindrical section away from probes 409 and 410. The orientation of outlet 408 in
Fig. 10A is shown to be directed away from inlet 1004 but can be oriented in any

direction relative to the inlet.

[0039] Fig. 10B illustrates a meter 1000B that is a variation of meter 1000A (Fig. 10A)
in one or more embodiments of the present disclosure. Meter 1000B is similar to meter
1000A except that probes 409 and 410 of sensor 413 enter cylindrical section 407 of
flow body 1001 from the side.

[0040] Figs. 11A and 11C illustrate a system with a flow body flow meter 1100 for
measuring an upward flow in one or more embodiments of the present disclosure.
Meter 1100 is similar to meter 600 in Fig. 6 but it 1s modified to be applied to measure

an upward flow.

[0041] Fig. 11B illustrates a problem with directly applying meter 600 to an upward
flow. When inlet 404 is pointed down into stream 1003 to drive the flow into flow
body 601, outlet 408 is pointed upward and the liquid phase particles may backfill
cylindrical section 620 when they are unable to flow upward and exit through the
outlet. To modify meter 600 for an upward flow, outlet 408 may be rotated around the

center axis of flow body 601 so it is pointed to the side or downward.

[0042] Referring to Figs. 11A and 11C, meter 1100 includes a flow body 1101 and
sensor 413 in the flow body. Flow body 1101 includes lateral inlet 404, internal
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passage 616 downstream from the inlet, and a lateral outlet 408” downstream from the
internal passage. Probes 409 and 410 of sensor 413 extend axially into narrow
cylindrical section 620 of internal passage 616 so they are located near the center axis
of the narrow cylindrical section and away from interior wall 612 of the narrow
cylindrical section. As shown in the end on view in Fig. 11C, outlet 408’ is pointed
downward to allow the liquid phase particles separated from stream 1003’ to exit. The
downward angle “d” of outlet 1108 may vary from 120 to 15 degrees, from 90 to 20
degrees, and from 80 to 30 dcgrecs.

[0043] In the embodiments described above, axial swirler 405 has multiple partitions
502, such as vanes or blades, arrayed around central hub 503 where the partitions are
angled in either a clockwise or counterclockwise direction to impart a clockwise or
counterclockwise rotation to the flow through and downstream of the axial swirler. The
rotating flow with a rotational component or angular momentum allows liquid phase
particles to be separate from the gas phase particles. In the systems described above,
axial swirler 405 may be replaced by any device or design that produces a rotating flow
within a cylindrical flow body to impart a rotational component or angular momentum
to the stream passing through the flow body. For example, an array of cylindrical tubes
angled at a clockwise or counterclockwise direction arrayed around a central hub will
also generate an axial flow with a rotational component or angular momentum. In
another example, a plenum pressurized by the flow velocity in the duct that is then
directed axially into the circular interior wall of a cylinder at a clockwise or
counterclockwise direction will produce a rotational flow with a rotational component
or angular momentum. Other designs will be apparent to the skilled person to produce
a rotating flow with a rotational component or angular momentum in a cylindrical flow

body.

[0044] Fig. 12 illustrates a system with a flow body flow meter 1200 that is a variation
of meter 600 (Fig. 6) with a helical flow path in one or more embodiments of the
present disclosure. Meter 1200 includes a flow body 1201 and sensor 413 in the flow
body. Flow body 1201 is mounted normal to the bottom of duct 402. Flow body 1201
is tube like with lateral inlet 404, an internal passage 1216 downstream from the inlet,
and lateral outlet 408 downstream from the internal passage. Internal passage 1216

includes an axial swirler 1205 downstream from inlet 404, a wide cylindrical section
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607 downstream from the axial swirler, a narrowing section 618 downstream from the
wide cylindrical section, and a narrow cylindrical section 620 downstream from the
narrowing section. Axial swirler 1205 may be a sheet of metal twisted to form a helical
guide for stream 403°. Probes 409 and 410 of sensor 413 extend axially into narrow
cylindrical section 620 so they are located near the center axis of the narrow cylindrical

section and away from an interior wall 612 of the narrow cylindrical section.

[0045] Stream 403’ enters flow body 1201 through inlet 404 and proceeds through
swirler 1205 in a helical manner. Forcing stream 403’ to flow in this helical manner
imparts a rotational component or angular momentum to the flow so that that
centrifugal force drives the denser liquid phase particles to the periphery of the flow
path and into interior wall 612 of narrow cylindrical section 620. A portion of strcam
403 stripped of the liquid phase particles then flows across probes 409 and 410 and
exits through outlet 408.

[0046] As similarly described above, flow body 1201 may include clbow 417 and duct
402 may be inclined as long as the flow velocity of stream 403" is sufficient to drive
liquid phase particles out from flow body 1201 so they do not collect within narrow

cylindrical section 620 and interfere with the operation of probes 409 and 410.

[0047] Fig. 13 illustrates a system with a flow body flow meter 1300 that is a variation
of meter 1200 (Fig. 12) in one or more embodiments of the present disclosure. Meter
1300 includes a flow body 1301 and sensor 413 in the flow body. Flow body 1301 is
mounted normal to the bottom of duct 402. Flow body 1301 is tube like with lateral
inlet 404, an internal passage 1316 downstream from the inlet, and lateral outlet 408
downstream from the internal passage. Internal passage 1316 includes a helical
channel 1305 downstream from inlet 404, and cylindrical section 407 downstream from
the helical channel. Similar to an auger, helical channel 1305 has a flat surface 1329
that spirals around the annular space between a central hub 1330 and an interior wall
1312 of flow body 1301. Probes 409 and 410 of sensor 413 extend axially into
cylindrical section 407 so they are located near center the axis of the cylindrical section

and away from an interior wall 412 of the cylindrical section.

[0048] Stream 403’ enters flow body 1301 through inlet 404 and proceeds through

helical channel 1305 in a helical manner. Forcing stream 403 to flow in this helical
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manner imparts angular momentum to the flow so that that centrifugal force drives the
denser liquid phase particles to the periphery of the flow path and into interior wall 412
of flow body 1301. A portion of stream 403 stripped of the liquid phase particles then
flows across probes 409 and 410 and exits through outlet 408.

[0049] As similarly described above, flow body 1301 may include elbow 417 and duct
402 may be inclined as long as the flow velocity of stream 403’ is sufficient to drive
liquid phase particles out from flow body 1301 so they do not collect within cylindrical
section 407 and interfere with the operation of probes 409 and 410. Flow body 1301
may also incorporate narrowing section 618 and narrow cylindrical section 620 of flow

body 601 in Fig,. 6.

[0050] Fig. 14A illustrates a system with a flow body flow meter 1400 utilizing a
cyclone separator in one or more embodiments of the present disclosure. A cyclone
separator is traditionally used industrially for dust collection. See Perry’s Chemical
Engincers” Handbook, 6 cdition, McGraw-Hill, NY, 1984, p. 20-82. Systcm 1400
includes a flow body 1401 and sensor 413 in the flow body. Flow body 1401 is
mounted normal to the top of duct 402.

[0051] Flow body 1401 is tube like with a conical end. Flow body 1401 includes a
lateral inlet 1404, an internal passage 1416 downstream from the inlet, and a lateral
outlet 1408. Internal passage 1416 comprises a cyclone separator section 1432
downstream from inlet 1404, and cylindrical section 407 downstream from the cyclone
separator section. Inlet 1404 is off center from cyclone separator section 1432,
Cyclone separator section 1432 includes a cylindrical section 1434 having a top outlet
1436 to cylindrical section 407, and a conical section 1438 with a bottom outlet 1440 to
pipe 402. Probes 409 and 410 of sensor 413 extend axially into cylindrical section 407
so they are located near the center axis of cylindrical section 407 and away from

interior wall 412 of cylindrical section 407.

[0052] For clarity, Fig. 14B illustrates a cross sectional view at line A’A” of Fig. 14A
in one or more embodiments of the present disclosure. Stream 403” entering inlet 1404
flows around a central cylinder 1442 in cylindrical section 1434 and into conical
section 1438. The rotational component or angular momentum of stream 403’ drives
the denser liquid phase particles into the interior walls of cyclone separator section
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1432 and the liquid phase particles exit through bottom outlet1440 into pipe 402.
Stream 403° without liquid phase particles proceeds up through top outlet 1436 into
cylindrical section 407 and exits through outlet 1408 into pipe 402. A portion of stream
403’ that is substantially free of the liquid phase particles flows over probes 409 and
410.

[0053] As similarly described above, duct 402 may be inclined as long as the flow
velocity of stream 403 is sufficient to drive liquid phase particles out from flow body
1401 so they do not collect within cylindrical section 407 and interfere with the

operation of probes 409 and 410.

[0054] Figs. 15A and 15B illustratc a system with a flow body flow mcter 1500
utilizing an S-bend in the flow path in one or more embodiments of the present
disclosure. Meter 1500 includes a flow body 1501 and sensor 413 in the flow body.
Flow body 1501 is located in duct 402. Flow body 1501 is a rectangular pipe having an
inlct 1504, an intcrnal passage 1516 downstrcam from the inlct, and an outlet 1508
downstream from the internal passage. Internal passage 1516 has an S-shape formed
by a clockwise bend 1544 followed by a counterclockwise bend 1546. Sensor 413 is
located at or just downstream of bend 1546 and probes 409 and 410 extend laterally
into the rectangular pipe so they are located near a wall 1548 that is on the inside of the
bend and away from a wall 1550 that is on the outside of the bend. Note that the inside
and the outside of a bend are defined relative to the direction of the bend as it relates to

the gaseous flow going around the bend.

[0055] Stream 403° enters flow body 1501 at inlet 1504 and as the stream passes
through the curve in internal passage 1516, the induced angular momentum in the
stream drives the denser liquid phase particles to wall 1550 of bend 1546. Sensor 413
is placed in a portion of the stream away from wall 1550 where the stream is
substantially free of liquid phase particles. Embodiment shown in Figs. 15A and 15B
would work best if the rectangular duct shown in Fig. 15A is oriented vertically as
shown thus allowing the dense liquid phase to impact wall 1544 and run to the bottom
1547 and out outlet 1508. Other orientations may also perform well especially at high

gas velocities.
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[0056] As similarly described above, duct 402 may be inclined as long as the flow
velocity of stream 403’ is sufficient to drive liquid phase particles out from flow body
1501 so they do not collect within bend 1546 and interfere with the operation of probes
409 and 410.

[0057] Fig. 16A illustrates a system with a flow body flow meter 1600A that is a
variation of system 600 (Fig. 6) with a pre-filter in one or more embodiments of the
present disclosure. System 1600A includes a flow body 1601A and sensor 413 in the
flow body. Flow body 1601A is mounted normal to the bottom of duct 402. Flow
body 1601 is similar to flow body 601 in Fig. 6 combined with an additional outer
cylinder 1654A.

[0058] Flow body 1601 includes outer cylinder 1654A around an inner cylinder 1656.
Outer cylinder 1654A defines a lateral inlet 1652A centered along the long axis of the
outer cylinder, and a lower outlet 1655 to pipe 402. Outer cylinder 1654A and inner
cylinder 1656 arc intcrconnccted by an opening 1604, Inlet 1652A and opening 1604
are located at opposite sides of flow body 1601. Stream 403’ enters inlet 1652A and
passes through the annular space between cylinders 1654A and 1656 to reach opening
1604. Similar to flow body 601, inner cylinder 1656 includes internal passage 616
downstream from opening 1604, and lateral outlet 408 downstream from the internal
passage. Internal passage 616 includes axial swirler 405 downstream from inlet 404, a
wide cylindrical section 607 downstream from the axial swirler, a narrowing section
618 downstream from the wide cylindrical section, and a narrow cylindrical section 620
downstream from the narrowing section. Probes 409 and 410 of sensor 413 extend
axially into narrow cylindrical section 620 so they are located near the center axis of
the narrow cylindrical section and away from interior wall 612 of the narrow

cylindrical section.

[0059] Outer cylinder 1654A collects some of the liquid phase particles that impact
inner cylinder 1656 after inlet 1652A, and these liquid phase particles drain down the
annular space and out through outlet 1655 into pipe 402. Meter 1600A advantageously
removes some of the liquid phase particles through the impact of the liquid phase
particles on inner cylinder 1656 as stream 403’ enters inlet 1652A and thus keeps some

of the liquid phase particles from reaching the inner cylinder.
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[0060] As similarly described above, duct 402 may be inclined as long as the flow
velocity of stream 403’ is sufficient to drive liquid phase particles out from flow body
1601A so they do not collect within narrow cylindrical section 620 and interfere with

the operation of probes 409 and 410.

[0061] Fig. 16B illustrates a meter 1600B that is a variation of meter 1600A (Fig. 16A)
in one or more embodiments of the present disclosure. In meter 1600B, an outer
cylinder 1654B defines a lateral inlet 1652B that is concentrically opposed to outlet 408
of inner cylinder 1656 so that meter 1600B is measuring the flow generated by the
velocity of a narrow flow region in pipe 402. Where the flow velocity varies widely
over distance, having inlet 1652B and outlet 408 in the same flow regime gives a flow

reading that is representative of the inlet and the outlet positions.

[0062] As similarly described above, duct 402 may be inclined as long as the flow
velocity of stream 403 is sufficient to drive liquid phase particles out from flow body
1601B so they do not collect within narrow cylindrical section 620 and intcrfere with

the operation of probes 409 and 410.

[0063] Tn one or more embodiments of the present disclosure, a turbine wheel or a
paddle wheel device driven by a motor or another rotating driver is used to impart a
rotational component or angular momentum to the flow within the flow body. Such a
system may impart higher rotational component or angular momentum to the flow
through the flow body and more efficiently separate liquid phase particles from the gas
phase particles. The paddle wheel or turbine wheel would be located in a similar
position as the swirler in many of the embodiment shown herein. As the gaseous flow
passes through the rotating wheel, the wheel imparts a rotational component or angular
momentum to the gaseous flow and as it flows out of the rotating device, the angular
momentum drives the denser liquid phase particles to the wall by centrifugal force,
allowing the gaseous component free of liquid particles pass over the sensor. The
means for driving the rotating wheel could be an internal motor or an external motor,

powered electrically, by air flow or other means.

[0064] Fig. 17 illustrates the performance of meter 600 of Fig. 6 in one or more
embodiments of the present disclosure. Meter 600 was place in the setup of Fig. 2

where a water mist injector 204 was placed upstream of the meter. In addition, a
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reference flow meter was located upstream of the water mist injector so that it would
measure the air flow rate independent of the injection of the water mist. Meter 600 was
calibrated by flowing dry air through pipe 202 at a known flow rate and measuring the
response of a thermal anemometer sensor 413 at a series of flow rates from 100 to 1300
standard cubic feet per minute (SCFM). The flow was then varied from 180 to 1300

SCFM while the water mist was injected upstream of meter 600.

[0065] Fig. 17 shows the readings of both the reference flow meter (“Ref sensor signal
A”) upstream of water mist injector 204 and thermal anemometer sensor 413 in meter
600 (“Test sensor signal B”). The reference sensor signal A was shifted by +50
seconds in time to allow the signals to be differentiated. The data show that meter 600
completely removes all liquid phase particles, thereby allowing an accurate and stable
measurement of the air flow rate. It should also be noted that the flow through meter
600 is a well defined function of the flow in the pipe or duct. The data of Fig. 17 shows
that after calibration of thermal anemometer sensor 413 in meter 600, the thermal

ancmomcter scnsor measures the gascous flow in the pipc very accurately.

[0066] It is clear from the many above embodiments that the design of the flow body
can take a number of different shapes. In many of the examples, the flow is down
through the flow body with the denser liquid phase particles flowing out the bottom.
This is easier to achieve since trying to drive the denser liquid phase particles up
through a flow body would require a high gas velocity to push the liquid against
gravity. However, when high gas velocity is present, the various embodiments
described above may be used when the flow is up through the flow body with the
denser liquid phase particles flowing out through the top.

[0067] While many of the above embodiments show the flow body flow meter inserted
into the pipe or conduit orthogonally from the bottom or the top, it is possible to mount
the flow body at other angles. For a horizontal pipe or duct and looking into the along
the direction of flow, the flow body flow meter can be inserted from the bottom or at
the 6 o’clock position, or from the top or at the 12 o’clock position. The flow body
flow meters shown in Figs. 4 and 6 have been shown to operate from the 6 o’clock to
the 3 o’clock positions at low gas velocities and even at orientations up to the 12

o’clock position at high gas velocities. While many of the figures presented herein
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show the flow body flow meter as a probe inside a pipe of limited diameter, the flow
body flow meter may be attached to a long extension tube or rod and inserted in large
diameter pipes, ducts, vent stacks, or even in a open flow streams such as wind or the

air flowing past a moving vehicle.

[0068] Fig. 18 shows a system with a flow body flow meter 1800 attached to an
extension rod 1802 and inserted into a vertical pipe, duct, or stack 1803 through a
flange 1804 in one or more embodiments of the present disclosure. A wet gas stream
1805 is flowing vertically upward through duct 1803. Stream 1805 at least
intermittently carries liquid phase particles. Meter 1800 may be any of the flow body
flow meters described in the present disclosure. Meter 1800 has an inlet 1806 pointed
substantially into stream 1805. As described in Fig. 11, the outlet may be rotated to
point to the side or slightly downward to allow the collected liquid phase particles to
more easily drain from meter 1800. Meter 1800 can be inserted into duct 1303
horizontally with angle “c” equal to 90 degrees relative to the vertical direction.
Altcrnatively, meter 1800 can be inscrted in an upward dircction with angle ¢ Icss than
90 degrees relative to the vertical direction. Using an angle ¢ less then 90 degrees, for
example 45 degrees, would allow the liquid phase particles to flow out of the outlet of

designs such flow meter 400, 600, and 700.

[0069] Very large ducts and pipes can have very non-uniform flow profiles so that
measurement of the flow velocity at one point does not give a true indication of the
average or total flow in the pipe. In these cases the flow velocity should be measured at
several points in the pipe or duct and these readings averaged to obtain the total pipe

flow.

[0070] Fig. 19 shows an array of flow body flow meters 1901 (only one is labeled) for
a large horizontal duct 1902 in one or more embodiments of the present disclosure.
Probes are inserted into duct 1902, each probe consisting of an extension rod 1903 and
a meter 1901 at the end of the rod. Meter 1901 may be any of the flow body flow
meters described in the present disclosure. By placing flow body flow meters 1901 at
selected locations within duct 1902, an average flow velocity can be measured by an

electrical controller circuit 1904.
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[0071] Fig. 20A shows an array of flow body flow meters 2001 (only one is labeled)
for a large horizontal duct 2002 in one or more embodiments of the present disclosure.
Three support rods 2003, 2004, and 2005 are inserted into duct 2002. Mounted to
support rods 2003, 2004, and 2005 are meters 2001. This array of meters 2001 may
coitain two or more flow body flow meters and can be suspended from one or more
support rods that enter from either one wall of the duct or traverse the entire duct.
Similar designs are possible for vertical flow using embodiments of the flow body flow
meters for vertical pipe applications.

[0072] Fig. 20B shows the mounting of meter 2001 in one or more embodiments of the
present disclosure. Meter 2001 is suspended by a bracket 2011 from a support rod
(e.g., support rod 2005). Meter 2001 may be any of the flow body flow meters
described in the present disclosure. The flow sensor signals from flow body flow
meters 2001 may be routed through leads or pipe 2013 to support rod 2005 where it
runs to the outside of the duct and to an electronics unit 2006 (Fig. 21A) where the

signals are processed.

[0073] The descriptions above describe a flow body flow meter with a flow sensor,
such as a thermal anemometer sensor in a flow body that separates out liquid phase
particles and allows only gas or vapor phase particles to pass aver the flow sensor. The
operation of the flow body is not dependent on the type of flow meter or the
configuration of the flow meter described in the specific implementations or figures
herein. The thermal anemometer sensor may be 2 single probe unit with both
temperature measurement and heated region in the same probe or even a single
temperature sensor that periodically oscillates between temperature measurement and
heated sensor. The thermal anemometer sensor can be operated in a constant power
mode, a constant current mode, a constant temperature difference mode or any of the
control modes as described in U.S. Patent No. 7,418,878 .

[0074] The above described embodiments of the flow body flow meter may be utilized
in a flow switch for a wet gas stream where the sensor signal is used to determine the
state of the stream, either high or low, on or off, above a limit or below a limit. A flow

switch application may make particular use of the embodiments of the present
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disclosure since the presence of the liquid phase particles could cause a conventional
flow meter to give periodic high or low readings resulting in activating the switch

function when the gaseous component of interest has not varied significantly.

[0075] The embodiments herein incorporate flow bodies with internal passages and
components that may trap dust or debris that may be entrained in the gaseous flow
stream. These solid materials may deposit and plug these internal passages leading to
changes in the flow calibration or poor separation of the liquid droplets from the
gasecous flow. To reduce the effect of such deposits, an air purge system can be added
to the flow body that would force a high velocity of clean air through the flow body and
effectively blow solid deposits out of the device. The air purge can enter the device
from the region near the inlet, from the device near the outlet, or can be channeled into
the region just downstream of the axial swirler where the purge flow would flow
toward both the inlet and the outlet. The purge stream can be other gases such as
steam, nitrogen, or other gases. An alternative purge method is to use a liquid flow
such as watcr or some solvent that would not only blow out solid dcposits but could
also dissolve any soluble deposits. The purge may be repeated periodically, such as
every 15 minutes or every hour depending on the level or rate of plugging. The purge
may be for varying lengths of time again depending on the level or rate of plugging.
During the purge cycle, the flow sensor output signal may be “latched” or held at its
value just prior to the purge cycle to eliminate an erroneous sign from the flow meter

and the output signal released when it has returned to a normal steady value.

[0076] Various other adaptations and combinations of features of the embodiments
disclosed are within the scope of the invention. Numerous embodiments are

encompassed by the following claims.
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The embodiments of the present invention for which an exclusive property or

privilege is claimed are defined as follows:

1. A flow measurement system for a duct, comprising:
a flow body flow meter, comprising:
a flow body, comprising:
a first end;
a second end, one of the first end and the second end being
mounted to an inner wall of the duct;
a lateral inlet about the first end of the flow body, the inlet to
receive a wet gas stream;
an internal passage, comprising:
an axial swirler downstream from the lateral inlet, the
axial swirler imparting angular momentum to the wet.gas stream
to induce a rotating flow; and
a cylindrical section downstream from the axial swirler;
a lateral outlet about the second end of the flow body; and
a sensor having one or more probes in the flow body, the one or more
probes having one or more tips located near a center axis of the cylindrical

section and away from an interior wall of the cylindrical section.

2. The system of claim 1, wherein the wet gas stream at least intermittently
carries liquid phase particles, and the angular momentum of the wet gas stream forces the
denser liquid phase particles to the periphery, and the one or more tips of the sensor are

located in a part of the flow body that is free of any liquid phase particles.

3. The system of claim 1, further comprising the duct, wherein the lateral

inlet points substantially into a flow direction of a larger wet gas stream in the duct.
4, The system of claim 3, wherein the lateral outlet points substantially
away from the flow direction, and the flow body is mounted normal to the inner wall at a

point along a duct circumference so the lateral inlet is higher or level with the lateral

outlet.
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5. The system of claim 3, wherein the duct is vertical, the flow body is
mounted normal to the inner wall, and the lateral outlet points 15 to 120 degrees from the

flow direction.

6. The system of claim 3, wherein the duct is vertical, the flow body is
mounted normal to the inner wall, and the lateral outlet points substantially away from the

flow direction.

7. The system of claim 1, wherein the axial swirler is selected from the
group consisting of angled partitions extending from a central hub, a twisted band in the
flow body, and a helical channel comprising a surface that spirals around an annular space

between a central hub and an inner wall of the flow body.

8. The system of claim 1, wherein the internal passage further comprises a
narrowing section downstrcam from the swirler and upstream from the cylindrical

section.

9. The system of claim 1, wherein the flow body comprises an outer
cylinder around an inner cylinder, the outer cylinder defining the lateral inlet, the inner
cylinder defining the internal passage and the lateral outlet, and the outer cylinder and the

inner cylinder being connected by an opening in the inner cylinder.
10. The system of claim 1, further comprising a purge system periodically
injecting a purge stream into the flow body at one of the lateral inlet, upstream of the

swirler, downstream of the swirler, or at the lateral outlet.

11. The system of claim 1, further comprising another flow body flow meter

in the duct, the other flow body flow meter comprising another sensor.

12. The system of claim 11, further comprising an electronic controlier

coupled to receive signals from the sensors to obtain an average property within the duct.

13. The system of claim 1, wherein the sensor is a thermal anemometer

Sensor.
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14. The system of claim 8, wherein the internal passage further comprises an

elbow downstream from the cylindrical section and upstream from the lateral outlet.

15. A method for measuring a property of a wet gas stream that at [east
intermittently carries liquid phase particles, the method comprising:

diverting a wet gas stream from a larger wet gas stream in a duct, which
is flowing in a first direction, through a lateral inlet of a flow body;

downstream from said diverting a wet gas stream, turning the wet gas
stream in the flow body to flow in a second direction along a length of the flow
body, the second direction being orthogonal to the first direction;

downstream from said turning the wet gas stream in the flow body to
flow in a second direction, providing a rotational path to the wet gas stream in the
flow body, which imparts angular momentum to induce a rotating flow around
the second direction, the angular momentum forcing the denser liquid phase
particles to the periphery;

downstream from said providing a rotational path, locating one or more
tips of onc or more probes of a sensor in a part of rotating flow of the wet gas
stream that is free of any liquid phase particles;

downstream from said providing a rotational path, turning the wet gas
stream in the flow body to flow in a third direction orthogonal to the second
direction; and

downstream from said turning the wet gas stream in the flow body to
flow in a third direction, returning the wet gas stream through a lateral outlet of

the flow body back into the duct.

16. The method of claim 15 wherein the property is one of mass flow,
volumetric flow, velocity, temperature, heat capacity humidity, density and viscosity or
other fluid property.

17. The method of claim 15, further comprising contracting a flow area
downstream after providing the rotational path and upstream from said turning the wet

gas stream to flow in a third direction.

18. The method of claim 15, further comprising determining a flow velocity

from sensor signals.
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19. The method of claim 15, further comprising periodically injecting a purge
stream into the flow body used to said diverting, providing, and returning the wet gas

stream.

20. The method of claim 15, further comprising:

diverting another wet gas stream from the larger wet gas stream in the
duct;

providing another rotational path to the other wet gas stream that imparts
angular momentum to induce a rotating flow;

locating one or more other probes of another sensor in a part of the other
wet gas stream that is free of any liquid phase particles; and

returning the other wet gas stream back into the duct.

21. The method of claim 20, further comprising;
receiving signals from the sensors; and

obtaining an average property within the duct from the signals.
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