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, enY?t%éP“ﬁ?ﬂ%”éﬁ MONITOR-FLOW METER COMBINATION s@ﬁ%ﬁ“ﬁ@&f’&ﬁ”ed 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 areN(SRA( CERER G EI0W RiESTRIC TIaIqan(dR predsRthREirecsypy indirectly to

measure flow rate with differential pressure measurement methods and pressure versus flow
calibration curves. Orifice plates, wEb§EWhete 1axdlothér Ygdsof differential flow measurements

have been used for many years in the chemical and petrochemical process industry (and others) for

typically larggq fleu. saiesrlPQP4 rer ppvidenanigtyiqbingusiies such as semiconductor manufacturing
or custody transfer of natural gas, flow measurement accuracy is extremely important. In other

industries, s petrochemical process analyzer flows qr other general flow monitoring applications,
the overall E}ééé{ﬂ acy O Y ff‘d#] Irﬁaee%lac%ulrseﬁgtﬁ? itsor{j‘c}fp g%ﬂwoﬁo?ﬁg‘nfé,ﬂepb‘é{m% ng’ ?%88553%'
measuremeafgevsi imeeStatettmpotireovsdy  wikiuttises pplichtias the Pettachenil8alibdistry, are

typically m%@ﬁiﬁ@&‘“ﬁfﬂ?@ﬁ“%@ﬁ%ﬂd@ﬁ%ﬁi@@ XTI SRRV RRGRA%,l0nd 25 the

fluid flow rate does not dramatica ange from day-to-day due to measurement repeatability error,
then the us&¥srgss rhihetrEsane NufatRens sthiste s inprprotesbesgiatbmrrfeseabtendionversely, the
user can assiipag 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

BACKGROUND OF THE INVENTION

{6002] The 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

crifice formed in the modular boedies.

[0043] 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.

[6004] 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 petrochernical 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 concermned 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



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 un¥é? WG rates, which constructions using small flow restGiBHESHepdfore, 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

semiconduciog ipglustid a5, OIS Akl e nelBre reRlAcemRNtia gbited. Therefore,

it is expected that the flow metering equipment must also be rugged and somewhat "fail-safe".
0007 1WheRE BTG 65 FeHa B U MRS s 16 RS ATH A8 HRSF A3 e BReeihce to
clogging. SWMX@E{JME INVENTION 100081In a differential flow measurement framework,
typically the flow restriction can be categorized as either density dependent or viscosity dependent.
The volumetpic flow rate can.be generally.expressead, for.gither.dependency: with the fallowing
relationshi B ot A A R R A Y o
dtdrg.71 [1]phetidalstitsaroeporioed fiohe({inddiny, depemarstpribiany ertowpiordged 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 s optimal to have a flow
restriction construction that can meet the overall goals of simplified flow equations for
case of calibration and system repeatability, in addition to having the ability to not clog

for extended periods of time.

]0006]  Petrochemical process or analytical equipment is expected to have product
lifecycles over 10 vears, 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".

[0007]  What is needed is a reliable flow measurement device that has increased

resistance to clogging.

SUMMARY OF THE INVENTION

[0008) In 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 cither dependency with the following

relationships as shown for egquations 1 and 2 as follows:
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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 = | for liquid flows Where:d = Hydraulic diameter or flow

passage diafY&epBfptisus restriction or laminar element 611= upstreanfHAS8a§EAidtieter d2=
orifice passage diameter

for laminar or porous flow (viscosity dependent) (Darcy’s law)

xmd?
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{Klaminar becomes a geometry dependent constant)
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for flow across an orifice (density dependent)

Where K., =.3535C,md,’ !Til,ﬁ‘_

(Korifice becomes a geometry dependent constant)

[0010] Qm

with f= i—?— ; the expansion factor Y = 1 for liquid flows
1

Where: d = Hydraulic diameier or flow passage diameter of porous restriction or
leminar element
dy= upstream passage diameter
d»= orifice passage diameter
A= Hydraulic area or flow passage area
AP = Pressure differential across restriction (Ppsyeam ~ Paownstream)
Y= dimensionless expansion factor (for expansion of gases across an
orifice, dependent on gas compressibility and specific heat ratios)
Cq= 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
n = Fluid absolute viscosity
p= fluid density (either gas or liguid)
& = Material permeability (for porous media)

O = volumetric flow rate (volume per unit fime)

[6011]  An 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



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 depenti8rOBH &y eometry of the orifice) L = Length over which thECAESERO Hi%p occurs g =
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. Fach 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 Darcy-
Weisbach flow equation 3 for pipes shows the general relationship between this flow

restriction magnitude and flow rate.
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Kv

Where V= fluid velocity

K,= K-factor, pressure drop coefficient, or vesistance to flow facior
C= flow coefficient

Note that both equations 2 and 3 are virtually identical and therefore can be used for
orifice style flow resirictions with similar results. The only difference between the two

equations is that equation 2 incorporates an expansion factor for gaseous flows.

[0012]  Fach flow restriction element that is stacked will have its own “K-factor” (K,)
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 commeonly called the
flow coefficient. When expressed in imperial units, the flow coefficient is denoted as C,.
When these restriction elements are serially arranged with each other, they are summed

up with the following relationship:



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 r‘gﬁﬁg@é‘?ﬁyﬁetween this flow restriction magnitude and flow ngws 057é)7=and V=2
A\2 Kp
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{0013] If all of the flow restrictions are equal size, then equation 4 can be simplified

Cina’i vidhal

to form the following expression:

1 -
Coat = \/“; Cindivictuat [5]

where n = number of restriction members placed in senies

[0014] If it is desired fo tailor a total flow restriction constant, equation 5 can be re-

arranged to solve for Cindividuar

Clnsiighar = "/;;Cram! [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:

n =4 (number of modular bodies)

Cum= .02
Cindiviaw = (4)' * .02
Clingiviawr= .04



Q 2A 1

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

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.

[0016] In 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.

[0017] Embodiments of the present invention seck to provide a flow metering device
including n stackable modular bodies, in which » is an integer greater than 1. Each
modular body has an orifice for modulating fluid flow therethrough to define an
individual flow coefficient Cigiviasa. The » modular bodies are collectively arranged to

define a collective flow coefficient Cionr. it Which Cindivigua = Jn Ciotate

10018} In 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.

[0019] In 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



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

relationshipPoBDABamBRTeTBI RESREIRSHE e Satkabls Bloglar dydiiondrdinedt Siblified to

form the follpwiRg PqtRssiomdaul B 4bdiedneividualihll 1z puhe ieatim: MroHac o fee sititinfidpembers
placed in series [00141If it is

desired to tailor a total flow restriction constant, equation.5 can be re-
arranged td'S5HE%8 ! g1 BeiAbISRLATP: Tff?%’b?é’t%s[ﬁﬁrf%ﬁ?ﬁﬁcgﬁ&r??pﬁ%eagﬁb%%%tion of
equation 6 hatfleen apfjlicatiomsdquirasditetats estfietiditactaciof @b tente pdatably adieasure the flow
within a given range of pressure sensor. For.flow measure t purposes, it is typically: desirable to
maximize tﬁ%%‘ﬁ?om%?‘%@%ﬁ?é?éﬁ |ai%¥;ﬁé%s%r8h§’f§ng cgﬁ%nﬁgmp ﬁ%ﬁ%’}?}%eg ﬁgié:?y E:%%ﬁd choose to
use a singlersmialidlowipadstge, sitbbuasB:0bcting Slof tndesuteptgictbaterifiess; G2destiiotdon factor.

However, this small passageway would he pr 1o clog if there w &gﬁgwﬁ}g |particulates
larger than'0.65" a%ﬁs% o Sr%lg% §%}thésgﬁ%e£f§r?%vﬂ§uﬁ%1 e%%prq?{egw?severa arger f%\% %strictions
were placednith sbriesn Borespaniple, four(dynestricivnsicandditicadtin wetehan fiomblssage is

formed in eagh, offoyr (AmaduiarRadias thataroaiarased ireias. Buanalicalionelgpation 6:

condition to prevent damage to the measuring device.

[0420] 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.

{0021} Other 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

[0022] Figs. 1 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.



= 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 mo\’fﬁ’l&?%@d?ggﬁcan be twice the area required by one flow restt&Sh3 M ords, 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 sygntjat the prifices betwesnadicnentdpaddaniadien are efsetiam eaclotier: and

wherein adjacent stacked modular bodies define a chamber having features for trapping particulates
entrained it FUREFHRIW ARERS Y 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 dflidd¢ger Dimatas traenikrfedchamoelalamsbodychalsvasvosificedolanineiikatingflgit flow

theretlu-ough 1q,define.an H&Q{g@d&ﬁhg%\%&%gggﬁﬂhgmIividual. 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 mtHmhr bddfes ificiding Yere Rbes rbat et e motuat adyderss i iedular body

having an arifice Rigyih ghewlistantialiybdresaime dfake pesigiantlssursodulating fluid flow therethrough,
the at least two modular bodies arranged such that the orifices between adjacent modular bodies are

offset from gaefother; andwherein adiagens stackedamedWan bodiss.defing a,ahamplst for trapping

particulates entrained in fluid flow without obstructing fluid flow through the orifices. 100191In yet
another aspédiEorHeapingsaRmiie fidnodnBrcleh roraddbadionand their carresponding flow

regime of the present disclosure.

[6027) Fig. 7 is a cross section of an embodiment of a flow measure instrument

having an overpressure relief feature of the present disclosure.

[6028]  Fig. 8 is a perspective view of an alternate embodiment of a flow control

device of the present disclosure.

[0029] Fig. 9 is a perspective view of a mating pair of flow control devices of Fig, 8

of the present disclosure.

100301 Fig. 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

[6032] Referring now fo 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.



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 ad‘!vacent modular bodies, each modular body having an orifice for modulating fluid flow
therethrough"h&4¥1826two modular bodies arranged such that the orifiggglgét’\ﬁf’éé}ﬁ7§ flacent
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 Ampeayilymegedanav kel thel seatediRosEnDimEeligye thedransieniovaipressure
condition to prevent damage to the measuring device. 10020]The present disclosure also may

incorporate EYEHSEHEUHI GREITE A REtTBIIRGr BEtREIMY DE dmedaiquegh &asatdched into a
sliding assewtit} baeke dpodinsesphiagalroentshhpe, sptiogehlethentiongy bestadpieshtp@rovide an

array of different force magnitudes..This slidi embly may serve, dual purpqgse of providing the net
flow restriction rr%r?augsﬁﬁ'urglé %(I)lre tﬁg%g ﬁfénr%rﬁtig?ﬁgﬁzzlﬁsn&; %’F%Ii%c)?/‘gﬁshorg#é"{a@v%}?ﬁo{r‘g g‘%/alve sealing
element to alotheffuitodbypaissskhkomajorifigol thesecktrictiodasseimioly 6% Hinioptiostalladssembly may

allow pressyre o bynags e lawysstriction Bihe. o3PS 9haD ASHIES TRl NRReAMAYErRIESSUre

situation, thereby protecting the sensor from damage and extending the life cycle of the product.

1002110th&FFeisasrths sRpesuvHntiRyaswikipehsdiarht dsbrosisraivelpsashpabenenbin ase following

more detaileghpleaslintion9fbe prafiespdismbrgineanty takemin caninstion yithithie Ascempanying
drawings which illustrate, by way of example, the principles of the disclosure. BRIEF DESCRIPTION

OF THE DRAWRN B 9rtBisdifhe mters! it fhandls perepirg poiene srodiiarhesdiment of a
modular body.foruseanithvadiawneonisetdevisapheprsendistloshoe: \MKst, iec., wear

2009/042756E( TQUSZ%O?{%%ZM? g%ogx Fig. 315 ¢ '85%?53?3%“”}6"{ L,e n?f an e\m%odignent of a flow
control device 0 emr?relgen iSCIosUre, Q]ﬁ?g. 1834 erﬁlélf’ée%, parfla o8 Lelliofal view of
modular bodfesuiffstaiitdg 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.

[0033] A 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.

[0034] As 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



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 gf Mgd%?éfuﬁaﬁlﬁc%ntrol bodies and their corresponding flow regi&%&‘ﬁ&?&%ﬁé&ﬁm 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 along4ner $dpl@safigusngf Iheharesanboise|agdten 00 3ddV¥herauripesHblenheaisame

reference NG Bery 3 hMBAANONLIE TADYS 1 RS RSSO GRS
directed inside of housing 36 from end 40 untii 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 moverment
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.

[6035] Once 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 intc abutment with end 22 of the last modular body 12
installed. Afier instailation 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 cach other. In one embodiment,

10



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 off& dditént, base 14 is disk-shaped and has a circular pe"rﬁgﬁﬁ@wggﬁﬁétely, 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 inaBAP IR DiaIReD inrbased h @rficedbimibeminimedininssst H4.fasert 64

provides the pﬁportunity for modular bodies 12 to be identical to each other and in one embodiment, -
may be a pEERETREL ARSI hy iRtk TRORAITGSTh SetisH, hasreimaslydé CoAtfucted of a
material difigremithendinbadimainifg: poifian 0f medetdcdindylikdedn tneeinbodiingnéntnsert 64 may be
constructed of a more robust,.i.e., wear resistant, mategal t rmits extended operatjonal use prior
o the dmeRTa ] B TE e G ) O oty AL ST GG PEBaF o R ement For
example, intlsucthamevnaneitment ceticiroupostansé) ofichimsents62, fandaddictiveentiipamdular body
L2 may reIRIRPAILALIPD ASRMER! & CRGRINATSMINSE I ATRY B Giengd 1o g ullasoni

cleaner, and then re-inserted inside modular body 12. [00331A wall 18 extends from the periphery of

base 14 in Fdird8tidrraeidwaabydetsemtidir vorfire B4 basadehatindisteahthodulan one

embodimenjedyodulaedpgy. L2 4esembles AsmpRedigs. "oline g Qb cytindes siel 23 acircular
cylinder. In another embodiment, wall 18 is of substantiallg/ uniform thickness and ends 20, 22 are
3y

substantiall§HarIRY (S EFPBREPETHEPRRCR 4408 145 n A tHha RgEiR AP s doitdRties 12 for

use in a flogemetertthadvicas034hAS Bhdvs rdxignndvand i whith arewkossiseEERAgl views of an
embodiment of the flow.metering device 10, multiple modular bodies 12 are installed in flow metering
device 10 ir?él%{’d)lﬁ’a léy\rll%g'séé ?%ﬁlggin%a%ﬁéposésdgﬁﬂlse ,tAb,L?HISﬁ néﬁhﬁ%&iﬁ?é’ﬁ‘iqfﬁaié%arameter
measuring mswesdents, slbe dsoplSSsinterspatige sutticd 4 2pressinte afaugesd@im digpaded,adjacent to

d 38 and | ] 40 | dies 1 Iso i lled
end 35 andipiessi gaiad 4 nfibRrsgd adinoant i SR A0 Moghlap badgagre pigo nstale

inside of housing 36. That is, as'shown, e ar 2 is directed inside of housing 36
from end 46uiisRelidip o Pimstadsiorkizaladrsiitrson plardidemsindias ftssks diepdsSkanddiacent to end
38 of housipg36n Gcs hiRdiest medulabedy 12 hambeendnaialied: enddplarethstpodular body

12 is similarly directed inside of housing 36 from end 40 until end 20 of the subsequently installed
modular bR Al 2afiperborainst ettt Mrsiingesdas 1. 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, af08Rdlvn iigiy 52 28 inctudedinteatiresddmet2datjacenybicthmedrighiesy of end 20
(hat containg Al 20 "RHmEd I 3dsasha A ulaR.b e RCRHIER IRAGRAS G04L one

embodiment, features 24 and features 28 are configured to engage each other. Features 24 and 28

can includeneddasdedisiotriions enbodinbindtunres botharecastas arirpTivRESIeRsesdathat when
features 24.a0d283eenoroed With RachRus: thesgds H@fﬁfélbiﬁé?-ﬂafél?ti}ﬁ?&@“%g% movement

about an axis 68 iFig. 3) of housjng 36. An a further alternate embodiment, features 24 and 28 are

force-fit togSHFEYY tMPEHA RIS duistiiso dretudes i penralyctiassshetiscolidist Brhousing 36.
1003510nepenogutaiodies hastinsiesiindaisieg I6: notenyaeihemaduiagbadies 12
prevented from.relative rotational moyement, but also axjal, movement along axis 68 (Fig. 3). In one
embodimer?ﬁm)lbég% rgdrﬁ?)%ﬁ?élr? ordcl(ggofﬁc rlgfnarrf%?/%l r)éirﬂ?‘t5 {5179 #xis 68 NCe” SlEw‘ﬁ’égifgrmined
number of medulx hedies Ydripadibeen!inmevetlimhopking 8tletspacdcbh isdosoudhtdnto abutment

with end 24,0(/06 Ia8brpA B PADeAR TR LGN IBHANALARAGS 3. Jaxienglp 56 such as

I
lock nuts (see Fig. 3) are brought into secure engagement with spacer 54 and each other. In other
words, modeakpgsdtiecsn theapaga!las katicto-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 B®381d floaussthrengh Eig. Orificks, TI6idfimedolacdwediea danttnaichend#e of heusing 36,

including thygugh pRealngs £8 f9Metit SRARRHT4ENG (ineLs 20 Pk ig eaching end 40.
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(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 app?g%ﬁ?g‘t’ &“éoo, and in a further embodiment, the orifices 16Pacrrggl%2r‘{?g§ﬂ§5§?igned. 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 shovifierbngis] firaidr sRREiaR0Gsofrebaibel 32 isedifinediby hessagionsbeiwaen surface 32
on one side of the portion, 60 and a bounding feature 76 that is tangent with or in. close. proximity with
orfice 16, 1S BFSAHEF VAL QST Dy g SRRt Rerire SRR Fooincient
with a chorddtBtitme Opposadrends efjthtchdrdlus8 interssstingosurface: 8% awbaihtsquhintersection 70

and 74, and glefining alleash, apalnotIARGEAGY 12 I AKfics: 6. ILiSd.8 HRdRIRgad that surface
et I B ehamb

32 is not limite rcular profiles o ounding features r portion 60 of chamber 52
is intended By adfimg tovbtusnmpltaitys ehditabte-inew| ey pattictiadei ¢ »depiizanredustdiée 16 without
blocking orifige; 16110034 1 aswSs e Anembreimant abmedulanhadysl 12 in which interlocking
features 124 are formed in the modular bodies to ensure an alternate orientation of the modular
bodies. In one emhgdiment, fgatures 124 are mating protrusions/recesses to ensure orifices 116 of
adjacent modular b@ﬂ’ﬂéﬁ&ﬁ? al ?afffé‘f‘ﬁ‘é‘i‘éﬁ/ dispoggld 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, dug o thet'bffset Fodficed ¥, _AsnaTaalfprase fluiggjoses energy in terms of pressure,
providing a differential presslite signal thatis progsriondbtosthe 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, thé&8ld vefscryorsmramuddenity fil fiesth e |argenarl soletsgivhip dsiaetndtbpyrReynold's
number, equatioNBrdMiRhdssure SOPIARLT] A RIMEMAsY- 1l BRI OFGRSIular 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 & 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
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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 NEhY 6&?«3@3 orifice related (N=x) to pseudo laminar or transﬁfaﬁglsﬁg)wqg& e (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 thexpsare smvedibisngadtaniidpar R4 Qrifites fowandeisizadasterdingddadiyid parameter.

In one embodiment, the fluid parameter is a predetermined.pressure dro stream of the first
modular bl T B Rk At EE YO ot ek B B PP R oA Bodios 16,
such as shpamme®igs e diassiichbasansedsueenby regpectvdaprassievgdbgdridi2iand 44. In

another e 1’@&9% ' ' luid fl 0 ' t, the fluid
paramete?%%jspem %%%Sa?\%gsg?%ﬁéenﬁéﬁg 11 %}ﬁg %{%ﬁgﬁéﬂ%ﬁnﬁ%@ t ggﬂ%%?#@%% i%gfluid
viscosity, bettinsd in ¢ansfiet br Bsetrieciardrisiondhattaitinnabiby vaficesdoniesbytantally dependant
rather than &ﬁaﬁH&&@ﬁ@@@@ﬁﬁ&@&m&ﬁmﬂﬁmﬂw&&@gm i aasioRificks 1Isd besgnderstood

that although, the orifices 16 of substantially equal size can be utilized, such as previously discussed in

equation 5, BifitEETeEeh e SAUifanch 2 Q8 S8aREifGR 8YvaR 9 Rkt E! Hsreatben total
pressure diffareniialRebiecmi dsiaaneangrdanrsiRasbp el gatoe o gihenpiessure sensing
instrumentsfhthe Siz { ftheforific%es fo%megi)in th§ Mo uAar o] digs%oﬂiﬂui ﬂo}ﬁi:the ethro f%;h can be
maximized, WHila creating a measurapis afiérentiar ;?Peég% &' BYproviatneraEs @ﬁﬂj’] on-linear
fluid flow pattleximézéid\wiile ssertngetationsinplb ddiferesi d epesstentnpitoiddiacosifficamtnot fluid
density, WhiCH SRS RENIAJY Bdn iR ALPsRUCD AR AusiRnal i eaime sl OPALLAS
previously discussed in the Summary, the number and size of orifices of nto ufar bodies can be
arranged invE$sivecad all ik densishicvbich teeaicspetiéadmirettitstiabti pacede fvigntrinresponse to a

given flow parametar faiffesemiembodiments 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 nu 8{?{ of m Sdulra{,i%oglie%ts)giQ&Ar&%r%%sgdmvr\rllhile ﬁﬂré‘“'t%%gous y increéasir}gcthe forifice sizes.
100421The combinationfor oftice Dodies and numbers or modutar Fodis A8 5es ©
modular bodies can be arranged in a flow control device fo achieve a total predetermined
total flow coefficient in response fo 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 simultancously increasing the orifice sizes.

[0042] The 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.

[0043] In 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
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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 additionall Provides a
safety presswg reIP7Aie feature to allow a bypass of pressure past a fIB%Tb%ﬁ%’f%é%éfﬂeasuring
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 bodiggkiRSaewand traeihrr by afastenand2a and havindRPRgsadRNshGaRsd206, 127. A
centrally dispose ,res:}ient device 130, such as a helical spring, is configured to engage cap 126 at
one end and REBUREIBREW A RS TPEHECAIRBSHISORY 78°50 e tIER SRR ARBM device 130.
A larger resgidnizgeVipg 128, suctnasly hslioaddpritigpnisddispesed, between hiaangmidere 125
adjacent to counterbpre 132 and ¢ 27. In an alternate emhodiment,.one resilient deyvice (128 or
150 may b LB SO A e B oy 1L SISt % SEEh positon.
However, abashddhainthesibonsedtofassiltiedepres $dibe ﬁia&asgentasamﬂr@ﬁneowip@@sum condition in
fluid flow paify30) itV BlEsRE.uRlaPEIR A falrs X SHRLLY e cliRnl dsMces 14§, 130. That

is, the overpressure in tluid flow path 80 urges cap 127 to move in direction 134, or to an unseated

position, pefafittivg AdiniitrassumebadbatIbasssrly go s (IRt ientflearcbameegraifbure transient
to prevent dasaage ieséichpasamalekmeasing Aexos 12010044y hileihe invertien hias been

described with reference to a preferred embodiment, it will be understood by those skilfe‘d in the art
that various A&y BsTRIB SR Ihaudden BSTVATHas ) BRs R ERePTeME SRR of without
departing frijoidtiscofib 60fhkeirvenfienuta addiionssnianYoreddicatiansynmeyitaatniaeedo adapt a

particular siwfgti 9 rrpﬁalatterial o the teachings o th&a {vaentiﬁ}r;glqithout de airﬁi?gfrom the essential

scope thereot. Therefore, it¥s tended that the invention fo imreed torthé p PicNsF Embodiment
disclosed adithesibedBhedéocontenspled edsitiosapeyingtiogt lnid ihve ntiemdout twdrthesémbéntion will

royce all ephodamaniniyRawliin PePeALING Whsids sls (Sl llields clamed s

1. A flow metering device Comprising: ~ at least two stackable mo odies In ﬁ%gegt least one
set of adjacBatHGREM 56di&s, 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 bofigédare oWddicirdm eachishekaanskeen Whstgbradidoeniesiagkedmnadularindies define a

iough thes e e e el S T SRR 00 cegrees
from each cthde. BdRiqoivdeite rof chemuitinied din dhamonfichsresé withtioaHypaligme dom 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

scape 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.
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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
predeterminé’&“p%@%ﬂ?ésarop upstream of a first of the at least two modul BB P dbwnstream 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. (i2aBiow 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 flyy, goefficient;far 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 ob&tROSTi RS HTHREMSH 4h ST orifices. 13. The device of claim 12, wherein adjacent

modular bodies are offgeledf0raegsrerRme@cOthalicd 4inthaide vica akClaim 2, yeherein the

orifices are Vertlcaalcl%j(a%ggtnnexgauiar 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.
. 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 substantially the same flow

coefficient.
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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, Whereiq fazf@l %oﬁgﬁéﬁggggﬁglm%%ﬁ cond orifice configured to receive a fastener to draw the

at least two modu gether. 2 ow metering device comprising:  a modular assembly
disposed in a seated pbsitieh iva Heeableamedtienthodise eingladingdailalcadsensbREcoiprising:  at

least two stackableymaodular begies,naiiding.at |sastiape,sal ohadiacent meeianbagies, each

modular body having an orifice for modulating fluid flow therethrough, the at least two modular bodies
arranged such thatiewimbes betwser adjabentInbiriar b&diednodsHag: fBH edliother; and

wherein adjacent giaekgdunedulanbesies.definadshambenhayied fasknes fee tanpiag particulates

entrained in fluid flow without obstructing fluid flow through the orifices; and  a fluid parameter
measuring devicePdE{5S8EdAT B CEHPRRHEIHSH AR HE M ARINAPEE S bly; and  wherein in

response to a transien}RYeRPERSSHE cRBEHONthedidardasserni-isientepaiyiskged away from.
the seated position to relieve the. transient pverpressure condition, to_prevent damage to the
measuring Sevi Ceparticulates entrameé iaﬁ ﬁlﬁg fﬁ)w \El‘t out obstructing ?lmdptjiow through ?f?e

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.
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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,
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