
NON-CLOGGING FLOW RESTRICTION FOR PRESSURE BASED FLOW CONTROL DEVICES
CROSS-REFERENCE TO RELATED APPLICATIONS [0001)This Application is related to Application
No. /, Attorney Docket No. 22026-0017, filed contemporaneously with this Application on September
28, 2007, entitled "FILTER MONITOR-FLOW METER COMBINATION SENSOR" assigned to the
assignee of the present invention and which is incorporated herein by reference in its entirety.
BACKGROUND OF THE INVENTION (00021The present invention relates generally to stackable
modular bodies for use in a flow metering device. Fluid flow through the flow metering device is
modulated by an orifice formed in the modular bodies. [0003)In a flow metering device, flow
restrictions are used to create a pressure differential that can be used either directly or indirectly to
measure flow rate with differential pressure measurement methods and pressure versus flow
calibration curves. Orifice plates, wedge meters, and other types of differential flow measurements
have been used for many years in the chemical and petrochemical process industry (and others) for
typically large flow rates. [0004]For a wide variety of industries such as semiconductor manufacturing
or custody transfer of natural gas, flow measurement accuracy is extremely important. In other
industries, such as petrochemical process analyzer flows or other general flow monitoring applications,
the overall accuracy of a flow measurement is not as important as repeatability of those
measurements over time. Stated another way, industries, such as the petrochemical industry, are
typically more concerned with whether or not fluid flow occurs within a specific range. As long as the
fluid flow rate does not dramatically change from day-to-day due to measurement repeatability error,
then the user can assume  that the fluid flow is stable or the process/system is stable. Conversely, the
user can assume that measured flow fluctuation/changes are caused by an upset in the process,
requiring attention. 100051In addition, petrochemical and related "dirty" industrial applications in which



particulates are entrained in the fluid flow, continuous problems are encountered with the particulates
clogging flow metering devices, especially those devices operating with small fluid flow passages. That
is, clogging has been one of the shortfalls of orifice based flow rate measurement constructions
operating under small flow rates, which constructions using small flow restrictions. Therefore, it is
optimal to have a flow restriction construction that can meet the overall goals of simplified flow
equations for ease of calibration and system repeatability, in addition to having the ability to not clog
for extended periods of time. 10006]Petrochemical process or analytical equipment is expected to
have product lifecycles over 10 years, while other flow measurement in industries such as the
semiconductor industry are only expected to last 1-3 years before replacement is required. Therefore,
it is expected that the flow metering equipment must also be rugged and somewhat "fail-safe".
100071What is needed is a reliable flow measurement device that has increased resistance to
clogging. SUMMARY OF THE INVENTION 100081In a differential flow measurement framework,
typically the flow restriction can be categorized as either density dependent or viscosity dependent.
The volumetric flow rate can be generally expressed for either dependency with the following
relationships as shown for equations 1 and 2 as follows: dVgc/26,./3AP [00091Q =-= K.11 la minor
dt4rg.71 [1]  for laminar or porous flow (viscosity dependent) (Darcy's law) iord2 



Where Klaminar - 4L (Cannier becomes a geometry dependent constant)    for flow across an orifice
(density dependent) Where Kor' = 3535Cdnd22  ifice 1 - 134 (Kodrice becomes a geometry dependent
constant) with fi = -d2 the expansion factor Y = I for liquid flows Where:d = Hydraulic diameter or flow
passage diameter of porous restriction or laminar element 611= upstream passage diameter d2=
orifice passage diameter 



A= Hydraulic area or flow passage area zIP= Pressure differential across restriction!' ;Puny-cam-
Pdownsireard Y= dimensionless expansion factor (for expansion of gases across an orifice, dependent
on gas compressibility and specific heat ratios) Cci= discharge coefficient (i.e., a flow "efficiency" factor
that is dependent on the geometry of the orifice) L = Length over which the pressure drop occurs q =
Fluid absolute viscosity p= fluid density (either gas or liquid) = Material permeability (for porous media)
Q= volumetric flow rate (volume per unit time) 100111An embodiment of a flow restriction construction
of the present disclosure permits a user to arrange a stack or arrangement of juxtaposed disks or
modular bodies in series with offsetting flow passages in different configurations and passageway  



dimensions or units of measure. Each modular body has a predetermined flow restriction magnitude.
When multiple modular bodies are stacked in an alternating arrangement, the combined or aggregate
flow restriction magnitude increases. The simplified DarcyWeisbach flow equation 3 for pipes shows
the general relationship between this flow restriction magnitude and flow rate. pV2 AP K =and  V = 2
A  \ 2  K p 



Q   2 A   1     1AP  Q= A12  OR 0 = C where C =2 Kt, Where V= fluid velocity 



K-factor, pressure drop coefficient, or resistance to flow factor C= flow coefficient Note that both
equations 2 and 3 are virtually identical and therefore can be used for orifice style flow restrictions with
similar results. The only difference between the two equations is that equation 2 incorporates an
expansion factor for gaseous flows. [0012]Each flow restriction element that is stacked will have its
own "K-factor" (KO shown above. The K-factor is commonly called the pressure drop coefficient,
indicating the resistance to flow coefficient. The inverse of the K-factor is commonly called the flow
coefficient. When expressed in imperial units, the flow coefficient is denoted as Cv. When these
restriction elements are serially arranged with each other, they are summed up with the following
relationship:  [0013]If all of the flow restrictions are equal size, then equation 4 can be simplified to
form the following expression: C 10,41-C individualI5I rz where n = number of restriction members
placed in series [00141If it is desired to tailor a total flow restriction constant, equation 5 can be re-
arranged to solve for Ctodivalual: C individual r: 1117Cotat[6] [0015]In an example application of
equation 6, a flow application requires a total restriction factor of 0.02 to repeatably measure the flow
within a given range of pressure sensor. For flow measurement purposes, it is typically desirable to
maximize the amount of differential pressure signal coming from the sensor. The user could choose to
use a single small flow passage, such as 0.05 units of measure, to create the 0.02 restriction factor.
However, this small passageway would be prone to clog if there was an accumulation of particulates
larger than 0.05 units of measure. The situation would be improved if several larger flow restrictions
were placed in series. For example, four (4) restrictions can be used, in which a flow passage is
formed in each of four (4) modular bodies that are disposed in series. By application of equation 6: 



= 4 (number of modular bodies) Ctotai= .02 (4).02 .02 Cindividual= .04  Restriction factor C is directly
proportional to cross sectional area and hence, is proportional to the square of passageway diameter.
Therefore, the resulting cross sectional area associated with the flow restriction of each of the serially
disposed modular bodies can be twice the area required by one flow restriction. In other words, the
diameters of the serially disposed flow restrictions are larger, which are less prone to clogging.
[00161In one aspect of the present invention, there is provided a flow metering device comprising: at
least two stackable modular bodies including at least one set of adjacent modular bodies, each
modular body having an orifice for modulating fluid flow therethrough, the at least two modular bodies
arranged such that the orifices between adjacent modular bodies are offset from each other; and
wherein adjacent stacked modular bodies define a chamber having features for trapping particulates
entrained in fluid flow without obstructing fluid flow through the orifices. 100171Embodiments of the
present invention seek to provide a flow metering device including n stackable modular bodies, in
which n is an integer greater than 1. Each modular body has an orifice for modulating fluid flow
theretlu-ough to define an individual flow coefficient Cimlividual. The n modular bodies are collectively
arranged to define a collective flow coefficient cow, in which CmctivIduai =C n 100181In another
aspect of the present invention, there is provided a flow metering device comprising: at least two
stackable modular bodies including at least one set of adjacent modular bodies, each modular body
having an orifice having substantially the same flow coefficient for modulating fluid flow therethrough,
the at least two modular bodies arranged such that the orifices between adjacent modular bodies are
offset from each other; and wherein adjacent stacked modular bodies define a chamber for trapping
particulates entrained in fluid flow without obstructing fluid flow through the orifices. 100191In yet
another aspect of the present invention, there is provided a flow 



metering device comprising: a modular assembly disposed in a seated position in a bore by a resilient
device, the  modular assembly comprising: at least two stackable modular bodies including at least
one set of adjacent modular bodies, each modular body having an orifice for modulating fluid flow
therethrough, the at least two modular bodies arranged such that the orifices between adjacent
modular bodies are offset from each other; and wherein adjacent stacked modular bodies define a
chamber having features for trapping particulates entrained in fluid flow without obstructing fluid flow
through the orifices; and a fluid parameter measuring device disposed in fluid communication with the
modular assembly; and wherein in response to a transient overpressure condition, the modular
assembly is temporarily urged away from the seated position to relieve the transient overpressure
condition to prevent damage to the measuring device. 10020]The present disclosure also may
incorporate a version of which the stacked modular bodies may be stacked and then attached into a
sliding assembly backed up by a spring element. The spring element may be tailored to provide an
array of different force magnitudes. This sliding assembly may serve dual purpose of providing the net
flow restriction magnitude for the differential flow sensor; but may also slide away from a valve sealing
element to allow fluid to bypass the majority of the restriction assembly. This optional assembly may
allow pressure to bypass the flow restriction in the case of an accidental upstream overpressure
situation, thereby protecting the sensor from damage and extending the life cycle of the product.
100211Other features and advantages of the present disclosure will be apparent from the following
more detailed description of the preferred embodiment, taken in conjunction with the accompanying
drawings which illustrate, by way of example, the principles of the disclosure. BRIEF DESCRIPTION
OF THE DRAWINGS 100221Figs. I and 2 are reverse top perspective views of an embodiment of a
modular body for use with a flow control device of the present disclosure.  WO
2009/042756PCT/US2008/077647 (0023)Fig. 315 a cross sectional view of an embodiment of a flow
control device of the present disclosure. [0024]Fig. 4 is an enlarged, partial cross sectional view of
modular bodies installed 



in a flow control device of the present disclosure. 10025]Fig. 5 is an end view of an embodiment of a
modular body taken along lines 5-5 of Fig. 4 showing a chamber portion of the present disclosure.
100261Fig. 6 is a general graphical representation of flow versus differential pressure using increasing
numbers of modular flow control bodies and their corresponding flow regime of the present disclosure.
10027]Fig. 7 is a cross section of an embodiment of a flow measure instrument having an
overpressure relief feature of the present disclosure. (0028)Fig. 8 is a perspective view of an alternate
embodiment of a flow control device of the present disclosure. 100291Fig. 9 is a perspective view of a
mating pair of flow control devices of Fig. 8 of the present disclosure. 100301Fig. 10 is a cross-section
taken along line 10-10 of Fig. 9 of the present disclosure. [0031]Wherever possible, the same
reference numbers will be used throughout the drawings to refer to the same or like parts. 



DETAILED DESCRIPTION OF THE INVENTION 10032]Referring now to the drawings, in Figs 1 and 2
in reverse top perspective views, a modular body 12 is shown for use in flow control or flow metering
device 10 (see Fig. 3). Modular body 12 has opposed ends 20, 22 and includes a base 14 adjacent to
end 20. In one embodiment, base 14 is disk-shaped and has a circular periphery.  Alternately, other
regular-shaped polygons, i.e., polygons with congruent sides and congruent interior angles, are
contemplated. An orifice 16 is formed through base 14, which in one embodiment has a circular shape,
although other closed geometric shapes can be used. In one embodiment, orifice 16 is non-centered
with respect to base 14. In another embodiment, as shown in Fig. 2, base 14 includes an insert 64 that
is installed in an aperture 66 formed in base 14. Orifice 16 is then formed in insert 64. Insert 64
provides the opportunity for modular bodies 12 to be identical to each other and in one embodiment,
may be a plastic material formed by injection molding. In addition, insert 64 may be constructed of a
material different than the remaining portion of modular body 12. In one embodiment, insert 64 may be
constructed of a more robust, i.e., wear resistant, material that permits extended operational use prior
to the dimensions of orifice 16 sufficiently changing, thereby necessitating repair or replacement. For
example, in such an arrangement and circumstance, only insert 64, and not the entire modular body
12 may require repair or replacement. In one embodiment, insert 64 may be cleaned in an ultrasonic
cleaner, and then re-inserted inside modular body 12. [00331A wall 18 extends from the periphery of
base 14 in a direction substantially perpendicular to the base 14, terminating at end 22. In one
embodiment, modular body 12 resembles a cupped or "hollowed out" cylinder, such as a circular
cylinder. In another embodiment, wall 18 is of substantially uniform thickness and ends 20, 22 are
substantially parallel to each other to permit easy end-to-end arrangement of modular bodies 12 for
use in a flow metering device. [00341As shown in Figs. 3 and 4, which are cross sectional views of an
embodiment of the flow metering device 10, multiple modular bodies 12 are installed in flow metering
device 10 including a housing 36 having opposed ends 38, 40, In one embodiment, fluid parameter
measuring instruments, such as pressure gauges 42, 44, pressure gauge 42 is disposed adjacent to
end 38 and pressure gauge 44 is disposed adjacent to end 40. Modular bodies 12 are also installed
inside of housing 36. That is, as shown, end 20 of modular body 12 is directed inside of housing 36
from end 40 until end 20 abuts a surface  48 of stop 46 of housing 36 that is disposed adjacent to end
38 of housing 36. Once the first modular body 12 has been installed, end 20 of another modular body
12 is similarly directed inside of housing 36 from end 40 until end 20 of the subsequently installed
modular body 12 abuts end 22 of the first installed modular body 12. In one embodiment, as shown in
Fig. 1, end 22 includes a plurality of features 24 formed in at least a portion of the surface of end 22.
Similarly, as shown in Fig. 2, end 20 includes a features zone 26 adjacent to the periphery of end 20
that contains features 28 formed in at least a portion of the surface of features zone 26. In one
embodiment, features 24 and features 28 are configured to engage each other. Features 24 and 28
can include recesses, protrusions or a combination of both recesses and protrusions, so that when
features 24 and 28 are engaged with each other, there is preferably no relative rotational movement
about an axis 68 (Fig. 3) of housing 36. An a further alternate embodiment, features 24 and 28 are
force-fit together so that adjacent modular bodies 12 remain secured together outside of housing 36.
100351Once modular bodies 12 are installed in housing 36, not only are the modular bodies 12
prevented from relative rotational movement, but also axial movement along axis 68 (Fig. 3). In one
embodiment, to secure modular bodies 12 from movement along axis 68 once a predetermined
number of modular bodies 12 have been inserted in housing 36, a spacer 54 is brought into abutment
with end 22 of the last modular body 12 installed. After installation of spacer 54, fasteners 56, such as
lock nuts (see Fig. 3) are brought into secure engagement with spacer 54 and each other. In other
words, modular bodies 12 that are in end-to-end contact are compressively secured between stop 46
and spacer 54 due to fasteners 56. As shown in Fig. 3, with regard to fluid flow 50, fluid enters end 38
of housing 36 and flows through the orifices 16 of modular bodies 12 toward end 40 of housing 36,
including through openings 58 formed in spacer 54 and fasteners 56 prior to reaching end 40. 



(0036]In the installed position, orifices 16 of adjacent modular bodies 12 are fixed in a predetermined
position or offset with respect to each other. In one embodiment,  adjacent modular bodies 12 are fixed
in a predetermined angular orientation or offset with respect to each other. In another embodiment, the
offset is approximately 1800, and in a further embodiment, the orifices 16 are vertically aligned. In
such an alignment, as shown in Fig. 4, particulates 62 entrained in fluid flow 50 that are either heavier
or lighter than the moving fluid can "settle" in portions 60 of chambers 52 formed between adjacent
modular bodies 12. Chamber 52 is defined by a surface 30 of base 14 and a surface 32 of wall 18 of
one modular body 12, and by a surface 34 of base 14 of an adjacent modular body 12 (see Figs. 1 and
2). As shown in Figs. 4 and 5, portion 60 of chamber 52 is defined by the region between surface 32
on one side of the portion 60 and a bounding feature 76 that is tangent with or in close proximity with
orifice 16. In one embodiment, as shown by Fig. 5, bounding feature 76 is a plane that is coincident
with a chord 78, the opposed ends of the chord 78 intersecting surface 32 at points of intersection 70
and 74, and defining at least a point of tangency 72 with orifice 16. It is to be understood that surface
32 is not limited to circular profiles or planar bounding features 76. Chamber portion 60 of chamber 52
is intended to define a volume that is available to collect particulates 62 adjacent to orifice 16 without
blocking orifice 16. 100371Figs. 8-10 shows an embodiment of modular body 112 in which interlocking
features 124 are formed in the modular bodies to ensure an alternate orientation of the modular
bodies. In one embodiment, features 124 are mating protrusions/recesses to ensure orifices 116 of
adjacent modular bodies 112 are alternately disposed upon assembly. Modular body 112 further
includes a centrally disposed orifice 118 so that upon assembly of a plurality of modular bodies, the
corresponding orifices 118 are axially aligned and configured to receive a fastener 122 (see Fig. 7). In
one embodiment, upon the fastener being sufficiently actuated to apply a predetermined compressive
force between adjacent modular bodies 112, the compressive force substantially prevents fluid
leakage between the modular bodies. [00381As shown in Figs. 3 and 4, fluid flow 50 occurs in a
non-linear path, due to the offset of orifices 16. As a result, the fluid loses energy in terms of pressure,
providing a  differential pressure signal that is proportional to the flow rate. Pressure loss across a flow
restriction is related to velocity in accordance with the standard Bernoulli equation, equation 7. As
shown in equation 7, due to conservation of energy, which equals a constant, pressure in inversely
proportional to the square of the velocity of the fluid flow. By adding to the complexity of the non-linear
flow path, the fluid velocity is reduced to fall into the laminar flow regime as defined by Reynold's
number, equation 8, 9 V-p pi 4- - = constant[7] 2 Rini2/Lpv" Lv., LInertial forces 



e - - fivs/L2Viscous forces [8]  100391As shown graphically in Figure 6, a general relationship between
flow rate versus differential pressure is provided. N corresponds to the number of modular bodies
disposed in a flow passageway. As the number of modular bodies increases, the flow regime is shown
to transition from a purely orifice related (N=x) to pseudo laminar or transitional flow regime (N=x+3)
which approaches laminar flow. It is appreciated that for general flow monitoring applications, in which
accuracy of flow measurement is not as important as repeatability over time, use of a sufficient number
of modular bodies to produce a pseudo laminar flow may provide a satisfactory indication of stable
fluid flow or a stable process/system. Conversely, fluctuations in measured flow is an indication of an
upset in the process, requiring attention, [0040]Orifices 16 can be sized according to a fluid parameter.
In one embodiment, the fluid parameter is a predetermined pressure drop upstream of the first
modular body 12 in a flow metering device 10 and downstream of a last of the modular bodies 16,
such as shown in Fig. 3, and as such as measured by respective pressure gauges 42 and 44. In
another embodiment, the fluid parameter is a fluid flow rate. In yet another embodiment, the fluid
parameter is a specific gravity of the fluid. In a further embodiment, the fluid parameter is fluid
viscosity, because in laminar or pseudo laminar flow, the fluid flow rate becomes viscosity dependant
rather than density dependent in the laminar regime as outlined in equation 1. It is to be understood
that although the orifices 16 of substantially equal size can be utilized, such as previously discussed in
equation 5, orifices 16 can be of different sizes (see equation 4). In one example, for a given total
pressure differential between upstream and downstream pressure gauge or other pressure sensing
instruments, the size of the orifices formed in the modular bodies for fluid flow therethrough can be
maximized, while creating a measurable differential pressure. By providing a sufficiently non-linear
fluid flow path, the flow/pressure relationship becomes dependent on fluid viscosity, and not fluid
density, which corresponds to a laminar or pseudo laminar or transitional flow regime. 100411As
previously discussed in the Summary, the number and size of orifices of modular bodies can be
arranged in a flow control device to achieve a total predetermined total flow coefficient in response to a
given flow parameter. Different embodiments of combinations of orifice sizes and numbers of modular
bodies can be configured based on the equations previously discussed, to satisfy the flow parameter,
with the number of modular bodies being increased, while simultaneously increasing the orifice sizes.
100421The combination of orifice bodies and numbers of modular bodies can also be 



assembled into an integrated combination flow restriction and pressure relief assembly or integrated
assembly 100. As seen in Fig. 7, integrated assembly 100 incorporates the non-clogging flow and
pressure attributes of the modular bodies, such as modular body 112, but additionally provides a
safety pressure relief valve feature to allow a bypass of pressure past a fluid parameter measuring
device 120, such as a differential pressure flow sensor assembly, to protect the device from an
overpressure condition. 100431In response to a sudden pressure transient in fluid flow path 80
upstream of fluid parameter measuring device 120, modular assembly 90 moves within bore 125 to
relieve the pressure transient. As further shown in Fig. 7, modular assembly 90 includes a plurality of
modular bodies 112 secured together by a fastener 122 and having opposed end caps 126, 127. A
centrally disposed resilient device 130, such as a helical spring, is configured to engage cap 126 at
one end and a counterbore 132 formed in one end of bore 125 at the other end of resilient device 130.
A larger resilient device 128, such as a helical spring, is disposed between one end of bore 125
adjacent to counterbore 132 and cap 127. In an alternate embodiment, one resilient device (128 or
130) may be used with modular assembly 90 to maintain modular assembly 90 in a seated position.
However, as shown, in response to a sudden pressure transient causing an overpressure condition in
fluid flow path 80, the overpressure overcomes the forces exerted by resilient devices 128, 130. That
is, the overpressure in fluid flow path 80 urges cap 127 to move in direction 134, or to an unseated
position, permitting fluid flow around modular assembly 90 to sufficiently reduce the pressure transient
to prevent damage to fluid parameter measuring device 120. [00441While the invention has been
described with reference to a preferred embodiment, it will be understood by those skilled in the art
that various changes may be made and equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the invention without departing from the essential
scope thereof. Therefore, it is intended that the invention not be limited to the particular embodiment
disclosed as the best mode contemplated for carrying out this invention, but that the invention will
include all embodiments falling within the scope of the appended claims.  CLAIMS What is claimed is:
1. A flow metering device comprising:     at least two stackable modular bodies including at least one
set of adjacent modular bodies, each modular body having an orifice for modulating fluid flow
therethrough, the at least two modular bodies arranged such that the orifices between adjacent
modular bodies are offset from each other; and     wherein adjacent stacked modular bodies define a
chamber having features for trapping particulates entrained in fluid flow without obstructing fluid flow
through the orifices. 2. The device of claim 1, wherein adjacent modular bodies are offset 180 degrees
from each other. 3. The device of claim 2, wherein the orifices are vertically aligned. 



4. The device of claim 1, wherein the orifices are substantially the same size. 5. The device of claim 4,
wherein the orifices are substantially circular. 6. The device of claim 5, wherein the orifices are sized
according to a fluid parameter, 7. The device of claim 6, wherein the fluid parameter is a
predetermined pressure drop upstream of a first of the at least two modular bodies and downstream of
a last of the at least two modular bodies. 8. The device of claim 6, wherein the fluid parameter is a fluid
flow rate. 9. The device of claim 6, wherein the fluid parameter is a specific gravity of the fluid. 10. The
device of claim 6, wherein the fluid parameter is at least one of a pressure drop, a fluid flow rate, and a
specific gravity of the fluid. 11. The device of claim 1, wherein the orifices have substantiallye flow
coefficient.  12. A flow metering device comprising:     at least two stackable modular bodies including
at least one set of adjacent modular bodies, each modular body having an orifice having substantially
the same flow coefficient for modulating fluid flow therethrough, the at least two modular bodies
arranged such that the orifices between adjacent modular bodies are offset from each other; and
wherein adjacent stacked modular bodies define a chamber for trapping particulates entrained in fluid
flow without obstructing fluid flow through the orifices. 13. The device of claim 12, wherein adjacent
modular bodies are offset 180 degrees from each other. 14. The device of claim 12, wherein the
orifices are vertically aligned. 



15. The device of claim 12, wherein the orifices are substantially the same size. 16. The device of
claim 15, wherein the orifices are substantially circular. 17. The device of claim 12, wherein the orifices
are sized according to a fluid parameter. 18. The device of claim 17, wherein the fluid parameter is a
predetermined pressure drop upstream of a first of the at least two modular bodies and downstream of
a last of the at least two modular bodies. 19. The device of claim 17, wherein the fluid parameter is at
least one of a pressure drop, a fluid flow rate and a specific gravity of the fluid.  20. The device of claim
12, wherein each modular body includes a second orifice configured to receive a fastener to draw the
at least two modular bodies together. 21. A flow metering device comprising:     a modular assembly
disposed in a seated position in a bore by a resilient device, the modular assembly comprising:     at
least two stackable modular bodies including at least one set of adjacent modular bodies, each
modular body having an orifice for modulating fluid flow therethrough, the at least two modular bodies
arranged such that the orifices between adjacent modular bodies are offset from each other; and
wherein adjacent stacked modular bodies define a chamber having features for trapping particulates
entrained in fluid flow without obstructing fluid flow through the orifices; and     a fluid parameter
measuring device disposed in fluid communication with the modular assembly; and     wherein in
response to a transient overpressure condition, the modular assembly is temporarily urged away from
the seated position to relieve the     transient overpressure condition to prevent damage to the
measuring device. 




