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(57) Abréegée/Abstract:

A method for quantifying droplet fluxes of a water mist spray uses different measuring apparatuses and compares the
measurements of the two apparatuses with one another. One of the measuring apparatuses Is an Iso-kinetic sampling probe In
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(57) Abrege(suite)/Abstract(continued):
which the air velocity of the portion of the water spray mist entering the probe Is made equal to the air velocity of the water mist

spray around the probe by connecting a source of vacuum to the probe. The drops of the spray entering the probe are prevented
from passing out of the probe. The air velocity of the spray entering the probe Is measured by an anemometer, the drops of the
entering spray are collected In a reservoir, and the depth of water in the reservoir is measured by a differential pressure transducer.
The output of the pressure transducer Is sent to a computer that calculates the water collection rate based on the sectional area of

the probe opening and the water collection rate in the reservoir.
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Abstract

A method for quantifying dropl'et fluxes of a water mist spray uses different measunng
apparatuses and compares the measurements of the two apparatuses with one anather. One of the
measunng apparatuses 1s an iso-kinetic sampling probe in which the air velocity of the portion of
the water spray mist entering the probe is made equal to the air velocity of the water mist spray

around the probe by connecting a source of vacuum to the probe. The drops of the spray entering the
probe are prevented from passing out of the probe, The air velocity of the spray entering the probe

1s measured by an anemometer, the drops of the entering spray are collected in a reservoir, and the
depth of water in the reservoir is measured by a differential pressure transducer. The output of the
préssure transducer 1s sent to a computer that calculates the water collection rate based on the

sectional area of the probe opening and the water collection rate in the reservoir.
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Characterization of Mist Sprays Using a Phase-Doppler Particle Analyzer
and an Iso-Kinetic Sampling Probe for Validation of Scale Meodeling of
Water Mist Fire Suppression

| {0001} Background of the Invention

[0602] The effectiveness of water mist fire protection systerns for protection
agamst industrial hazards has historically been evaluated by conducting full-scale fire tests in
which a full s1ze mock-up of a commodity is arranged as it would normally be found 1n i.ndﬁstry.
Although the fire protection industry still relies primarily on the full-scale fire testing approach
to develop water mist fire protection systems, this approach drives up the cost and, thus, makes
many potential applications econbmica]ly prolibitive to develop. As a result, it is desirable to
find a cost-effective testing method to evaluate the performance of water mist systems.

[0003] To replicate full-scale fire suppression phenomena with a geometrically stimilar
scaled-down model, water mist sprays are used in a mode] simulation according to prescribed
relationships with the scale ratio for drop size, total water mist discharge rate, mist flux and mist
concentration. To ensure that appropriate water mist sprays that make the modeling valid are
used, a two-dimensional Phase Doppler Particle Analyzer (PDPA) is used to screen candidate

nozzles for use i the scaled-down model.
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SUMMARY OF THE INVENTION

In accordance with the present invention, an iso-kinetic sampling probe (also called a "probe”
herein) is used to independently measure water mist fluxes (also called "mist fluxes") at the same
locations where PDPA measurements are made in order to ensure proper operation of the PDPA
system in terms of optics selection, laser beam intensity, alignment, signal amplification and settings
of droplet signal acceptance criteria. The probe includes a collection tube, a reservoir tube, internal
flow obstructions to remove the drops from the sprays, a differential pressure measuring instrurent,
a settling chamber to dampen the pressure fluctuation in the reservoir tube, and a source of vacuum,
such as a vacuum pump.

According to one aspect of the invention there is provided a method for quantifying mist
fluxes in a liquid mist spray, comprising: measuring the mist flux using a first measuring apparatus;
measurng the mist flux using an iso-kinetic sampling probe; and comparing the measurement;s of
the first measuring apparatus and the iso-kinetic sampling probe with one another, wherein the liquid
mist spray has an air velocity, the liquid mist spray enters the probe, and the step of measuring the
mist flux using the iso-kinetic sampling probe comprises making the air velocity of the liquid mist
spray entering the probe equal the air velocity of the liquid mist spray around the probe, wherein the

step of measuring the mist flux using the iso-kinetic sampling probe comprises connecting the probe

to a source of vacuum, and preventing the drops of the spray entering the probe from passing out of
the probe, wherein the drops of the spray entering the tube are collected in a reservoir, and the depth
ofiquid in the reservoir is measured, and wherein pressure fluctuations in the reservoir are mitigated
by a settling chamber between, and in fluid communication with, the reservoir and the source of

VaCuullll.
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According to another aspect of the invention there is provided a method for measuring mist
fluxes of a liquid mist spray using an 1so-kinetic sampling probe, wherein the liquid mist spray has
an air velocity, comprising: making a portion of the liquid spray mist enter an opening of the probe
while another portion of the liquid spray mist flows around the probe such that the air velocity of the
liquid must spray entering the probe equals the air velocity of the liguid mist spray around the
probe, wherein said atr velocities are made equal by connecting the probe to a source of vacuum,
wherein the drops of the spray entering the probe are prevented from passing out of the probe,
wherein the drops of the spray entering the probe are collected in a reservoir, and the depth of liquid
1n the reservoir is measured, and wherein pressure fluctuations in the reservoir are mitigated by a
setthng chamber between, and in fluid communication with, the reservoir and the source of vacuum.

Collecﬁné the mist flux at a location in the water mist spray is problematic because many of
the drops are sufficiently small to follow the air currents of the spray, For example, simply placing
a collection pan in the spray to measure the local mist flux will not collect a representative quantity
of water because a portion of the mist will follow the air currents around and/or out of the pan. The
probe mitigates this problem by introducing a vacuum to the collection tube such that the face

velocity of air entering the collection tube equals the entrained air velocity in the water mist spray

at that location. Several obstructions are included in the collection tube to force the coalescence of
the drops, thereby, preventing the drops from following the air currents through the tube and out the
vacuum pump. A reservoir tube at the base of the collection tube collects the water, the depth of
which is measured with a wet/wet differential pressure transducer. To mitigate the pressure
fluctuation in the tube reservoir caused by the vacuum source, a settling chamber is provided

upstream of the vacuum pump.

2A
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[0006] The probe provides accurate mist flux measurements of water mist sprays that
cannot be done with conventional collection pans and cups. Features of the present invention
include:

[OOOﬂ 1) The face velocity of the probe is set equal to the mean air velocity éf the
spray at the measurement location. This allows collection of only those drops that, if the probe
were absent, would have passed into the area that is now occupied by the collection area of the
probe (i.¢. the probe becomes ‘invisible’ in the spray). If the face velocity is set too high, then
the probe will draw in drops from outside the collection area, and if the face velocity 1s set too

low, many drops will not enter the probe due to air currents in the spray traveling around the

collection area.

[0008] 2) The internal structure of the probe forces the coalescence of the small
drops, which allows for the drops to be collected in the reservoir tube. If the internal
obstructions were not present, many of the drops would bypass the collection reservoir by

following the air flow out through the source of vacuum.

[0009] 3) The sampling probe can be scaled up or down to achieve desirable spatial
resolution of measurerments, depending on the lateral dimension of the water mist spray under
consideration. The probe’s capacity in texms of water mist collection rate c¢an be increased or
decreased by re-configuring the arrangement, including the size, of obstructions or baffles, and
by adjusting the water passage openings inside the collection tube, the reservoir size, and the
pressure drop between the probe opening and the source of vacuum. In th}s way, the probe ¢an
be adapted to different measuring conditions, including different liquids.

[00010] 4) The wet/wet differential pressure transducer is used to measure the deptin of

water in the collection reservoir because a vacuum is applied to the probe. An absolute pressure
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transducer would not account for the effect of the vacuum on the water depth measurements and
50 would not accurately measure the water depth.

[00011]' 5) The collection tube 1s beveled at its opening to reduce the effect of wall
thickness on the air currents around the probe opening.

[00012] 6) The face velocity of the probe is measured with a hot-wire
anemometer. Measurements are taken inunediately above the probe opening at several locations
around the penmeter.,

[00013] The measurement accuracy of 2a PDPA is affected by optics selection,
laser beam intensity, alignment, signal amplification and settings of droplet signal recognition
criteria. Although a PDPA can be calibrated with individual water must droplets with known
diameters, its droplet identification capability is not as certain in a typical water mist spray due
to: 1) multiple droplets being simultaneously present in the measuring volume, 2) droplets
passing through the measuring volume in certain exiteme angles relative to the PDPA’s
measuring volurne, 3) the light ‘i.ntcnsity refra‘;ted fiom the same droplet depending on its
location in the laser beam because the light intensity vaties m the laser beam according to
Gaussian distribution, etc, As a result, a PDPA majr reject some legitimate data signals or accept
some exroneous signals based onvits signal acceptance criteria,

[00014] Although the method and apparatus of the present invention are described
herein in connection with scale modeling of fire suppression systems, they can also be used m
other scale modeling involving mist sprays, and for other purposes. Fmt}xcmore, they can be

used with sprays of liqnids other than water.
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Brief Description of the Drawings
[00015] Fig. 1 is a schematic 1llustration of an isolldneﬁc probe according to the
present invention with associated apparatus;
[00016] Fig. 2 is a vertical cross section through an iso-kinetic probe according
to the present invention;
[00017] Fig. 3 is a plan view of a first orifice disc of the probe of Fig. 2; and

[00018] Fig. 4 is a plan view of a second orifice disc of the probe of F1g. 2.

Detailed Description of the Preferred Embodiment
[00019] To ensure that appropriate water mist sprays that make modeling valid are

used, a two-dimensional Phase Doppler Particle Analyzer (PDPA) is used to screen candidate
nozzles for use in a scaled-down model. A traversing apparatus moves a candidate nozzle 1n a
space, while the PDPA measmiﬁg volume is maintained stationary. Water is supplied to the
nozzle from a tank pressured with nitrogen, air oz other inert gas.

[00020] In accordance with the present invention, an iso-kinetic sampling probe 1is
used to independently measure water mist fluxes at the same locations where PDPA
measurements are made. As can be seen from Fig. 2, a probe according to the present invention,
which is designated generally by the numeral 10, includes a collection tube 12, a reservoir tube
14, and a seﬁeé of internal baffles or obstructions 16 and 18, As can be appreciated from Fig..l,

also associated with the probe 10 are a differential pressure gauge 20, a settling chamber 22 to

dampen pressure fluctuations in the reservoir tube 14, and a source of vacuum 24, such as a

" vacuum' pump, which is comnnected to the probe by hoses. As can be seew in Figs. 2-4, in the
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illustrated embodiment, the obstructions 16 and 18 are discs having small apertures 26 and 28,
respectively. In addition, the obstruction 18 has a central opening 30 that receives the outlet tube
'32 of a funnel 3;4 with a Iimited annular space between the outlet tube and the obstruction, so
that drops cannot be carried between them by the flowing air. The water drops in the sprays that
enter the collection tube 12 are separated from the air of the sprays when the air flows down
through the apm 26, turns upward after flowing through the furmel outlet tube 32, and flows
- up through the apertures 28. The size and arrangement of parts of the probe 10, such as.the
obstructions 16 and 18, the apertures 26 and 28, the central opening 30, the annular space
between the funnel outlet tube 32 and the obstruction 18, can be adjusted to adapt the probe to
different measuring conditinng inelnding sprayvs of different liguide,

[00021] The vacinm source 24 imposes a vacuum on the collection tube 12 such that
the face velocity of air entering the collection tube equals the entrained air velocity in the water
- mist spray at that-jocation: Tie obsirections 16 wnd 18 are inciuded in the collection tube 12 16 -
force the coalescence of the drops, thereby preve:nting the drops from following the air currents
through the tube and out to the sowrce of vacuum 24, The reservoir tube 14 at tﬁe base of the
collection tube 12 collects the water, the depth of which is measured with the differential
pressure gauge 20, which is preferably a wet/wet differential pressure transducer connected to.a
data acquisition system, for example, a computer, or a meter or other indicator. To mitigate the
pressure ﬂuctuatioﬁ in the tube reservoir 14 caused by the vacuum, the settling chamber 22 13

provided upstream of the source of vactum 24.
(00022] The ‘high pressure’ side of the differential pressure transducer 20 is
connected just above the base of the collection reservoir 14, and the reference side of the

transducer is connected to the collection tube 12 slightly above the collection reservoir. The
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transducer 20 is located horizontal to the ‘high pressure’ side connection, so that the measured
pressure differential relates directly to the depth of water collected in the reservoir 14. The mist
flux is then calculated based.on the cross-sectional area of the 6pelﬁng of the collection tube 12
and the water collection rate in the reservoir 14.

[00023] The face velocity of the probe 10 is set equal to the mean air velocity of the
spray at the measurement location. This allows collection of only those drops that would
normaily have passed into the area of collection tube 12 (i.e. the probe 10 becomes “invisible’ in
the spray). If the face velocity is set too high, then the probe 10 will draw in drops frem outside
the collection area, and if the face velocity is set too low, many drops will not enter the probe
due to air currents in the spray traveling around the collection area. The two velocities can be
made equé.’[ by adjusting the vacuum imposed on the probe 10. One way of adjusting the vacuum
18 drawing in air through a valve 36 in fluid communication with the source of vacuum to
partially reduce the vacuwun mmposed cn the probe 10. Adjusting the valve adjusts the amount of
vacuum. The adjustment can be made visually by observing the flow of the mist at and around
the inlet to the probe. The adjustment can also be quantified with the PDPA while the water mist
spray 1s present or with the hot wire anemometer while the spray 1s not présent.

[00024] The mternal structure of the probe 10 forces the coalescence of the small
drops, which allows for the drops to be collected in the reservoir tube 14. If obstructions, such as
the intemal obstructions 16 and 18, were not present, many of the drops would bypass the
collection reservoir 14 by following the air flow through the tube and out to the source of
vacuum 24. The sampling probe IQ can be scaled up or down 1o achlieve; desirable spatial
re;oluﬁon of measurements, depending on the lateral dimension of the water mist spray. “The

probe’s capacity 1 terms of water mist collection rate can be increased or decreased by re-
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configuring the arrangement of obstructions, and by adjusting: the water passage openings inside the

collection tube 12, the size of the reservoir 14, and the pressure drop between the probe opening and

the source of vacuum 24.

The transducer used to measure the depth of water in the collection reservoir 14 is a
differential pressure transducer, because a vacuum is applied to the probe 10. An absolute pressure
transducer would not account for the effect of the vacuumn on the water depth measurements and so
would not accurately measure the water depth. The collection tube 12 has a bevel surface facing
radially outward at its opening to reduce the effect of wall thickness on the air currents around the
probe opening. The face velocity of the air entering the probe 10 is measured with a hot-wire
anemometer. Measurements are taken immediately above the probe 10 opening at several locations
around 1ts perimeter, and the output from the anemometer can go to a meter or a computer, such as
a computer to which the output of the transducer 20 is connected.

With each candidate nozzle discharging vertically downward at an operating pressure, water
fluxes are mapped out across a horizontal cross section of the spray. In general, the agreement
between the mist fluxes as measured with the PDPA and as measured by the iso-kinetic sampling
probe 10 improves with the Doppler signal quality of the PDPA.

The PDPA used for the modeling validation can include, for example, a 300 mW argon-ion
laser, three sets of optics for the beam transmitter and receiver to cover drop sizes up to 2000 pm,
and data processing electronics and software. A traversing apparatus moves candidate nozzles in a
space measunng about 3.1 m x 3.1 m x 3.6 m high while the PDPA is maintained stationary, Water
from a water tank pressurized with, for exarople, nitrogen gas is supplied to the nozzles through a

high pressure rated flexible hose.
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[00028] It will be apparent to those skilled in the art and it is contemplated that
vanations and/or changes in the embodiments illustrated and described herein may be made
without departure from the present invention. Accordingly, it is interided that the foregoing

description 1s 1llustrative only, not limiting, and that the true spirit and scope of the present

invention will be determined by the appended claims.

ODMAPCDOCS\DC2DOCS1\534120\] @
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Claims

1. A method for quantifying mist fluxes in a liquid mist spray, comprising
measuring the mist flux vsing a first measuring apparatus;

measuring the mist flux using an iso-kinetic sampling probe; and

comparing the measurements of the first measuring apparatus and the iso-kinetic

sampling probe with one another,

wherein the liquid mist spray has an air velocity, the liquid mist spray enters the probe, and
the step of measuring the mist flux using the 1so-kinetic sampling probe comprises making the air
velocity of the liquid mist spray entering the probe equal the air velocity of the liquid mist spray

around the probe,

wherein the step of measuring the mist flux using the iso-kinetic sampling probe comprises
connecting the probe to a source of vacuum, and preventing the drops of the spray entering the probe

from passing out of the probe,
wherein the drops of the spray entering the tube are collected in a reservoir, and the depth of liquid

In the reservoir 1s measured, and wherein pressure fluctuations in the reservoir are mitigated by a

settling chamber between, and in fluid communication with, the reservoir and the source of vacuum.

2. The method of claim 1, wherein the first measuring apparatus is a Phase Doppler Particle

Analyzer.

3. The method of claim 1, wherein the depth of liquid is measured by a wet/wet differential pressure

transducer,

10
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4. The method of claim 3, wherein the liquid mist spray enters the 1so-kinetic

sampling probe through an opening having a cross-sectional area, the wet/wet differential
pressure transducer has an output that is sent to a computer that calculates the liquid collection
rate 1n the reservoir, and the mist flux is calculated based on the cross-sectional area of the probe

opening and the liquid collection rate in the reservoir.

3. The method of claim 1, wherein the liquid mist spray enters the probe through an opening defined
by a tube having a bevel surface facing radially outward at the opening to reduce the effect of wall

thickness on the air currents around the probe opening.

6. The method of claim 1, wherein the air velocity entering the probe is measured using a hot wire

anemometer when the mist spray is absent.

7. A method for measuring mist fluxes of a liquid mist spray using an iso-kinetic sampling probe,
wherein the liquid mist spray has an air velocity, comprising;

making a portion of the hquid spray mist enter an opening of the probe while another portion
of the liquid spray mist flows around the probe such that the air velocity of the

hquid mist spray entering the probe equals the air velocity of the liquid mist spray around the

probe,
wherein said air velocities are made equal by connecting the probe to a source of vacuum,

wherein the drops of the spray entering the probe are prevented from passing out of the probe,

wherein the drops of the spray entering the probe are collected in a reservoir, and the depth of hquid

11
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in the reservoir 1s measured, and wherein pressure fluctuations in the reservoir are mitigated by a
setthing chamber between, and in fluid communication with, the reservoir and the

source of vacuum.

8, The method of claim 7, wherein the depth of liquid is measured by a wet/wet differential pressure

transducer.

9. The method of claim 8, wherein the liquid mist spray enters the iso-kinetic sampling probe
through an opening having a cross-sectional area, the wet/wet differential pressure transducer has
an output that 15 sent to a computer that calculates the liquid collection cross-sectional area of the

probe opening and the liquid collection rate in the reservoir.

10, The method of claim 7, wherein the liquid mist spray enters the probe through an opeéning

defined by a tube having a bevel surface facing radially outward at the opening to reduce the effect

of wall thickness on the air currents around the probe opening.

12
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FIG. /
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