wo 2010/080341 A2 I T IA0KO 0 OO R

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

19) World Intellectual Property Organization /5% =)
) cuat Property Organivaiion /52| [N AU A
International Bureau S,/ 0
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
15 July 2010 (15.07.2010) PCT WO 2010/080341 A2
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
GOI1F 1/50 (2006.01) GO1F 25/00 (2006.01) kind of national protection available): AE, AG, AL, AM,
GO1F 1/34 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
21) Tat tional Application Number- CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(21) International Application Num O CT/US2009/067649 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
11 December 2009 (11.12.2009) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
- . NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(25) Filing Language: English SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
(26) Publication Language: English TZ,UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every
61/139,317 19 December 2008 (19.12.2008) Us kind ofregional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(71) Applicant (for all designated States except US). MC- ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
CROMETER, INC. [US/US]; 3255 West Stetson Av- TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
enue, Hemet, CA 92545-7799 (US). ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM
(72) Inventor; and > i > > 2 o > > i
(75) Inventor/Applicant (for US only): HOBBS, Clinton, ﬁi) h?[ﬁPII\I%SFs’I\?Jngng’ CL CM, GA, GN, GQ, GW,
Paul [US/US]; 3255 West Stetson Avenue, Hemet, CA ’ > > - TG).
92545-7799 (US). Published:
(74) Agent: HERMANSON, Christopher, S.; Greer, Burns —  without international search report and to be republished

And Crain, Ltd., 300 S. Wacker Drive, Suite 2500, Chica-
go, IL 60606 (US).

upon receipt of that report (Rule 48.2(g))

(54) Title: A METHOD FOR FIELD-MEASURING FLUID FLOW METERS

/1 00

116 3 111 4*‘| 116
114 ﬁ _{\112
|
_______ _\__'T_ [ Y D I R
T il 10s——gCAP
D | 4} 104-~, 77 17N --102 <108
e | ~
L ~ | F\_\ T 1 | N 11
pa R | .
NI
Mo ==T_ 7 108
_ 108
N IO I, S i I
1
101/ I_, 114 J
FLOW >
+ 3 4 _\_
117
17 FIG. 1

(57) Abstract: A method for taking field measurements of a cone type fluid flow meter including a meter body and a cone-type
fluid displacement member to determine when to calibrate or replace the fluid flow meter. The method includes taking measure-
ments of dimensions of the fluid displacement member and the meter body, evaluating the dimension measurements and ascertain-
ing whether the dimension measurements are within designated dimension limits. The present method saves significant time and
costs by taking measurements in the field determining whether to calibrate or replace the fluid flow meter.
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A METHOD FOR FIELD-MEASURING FLUID FLOW METERS

FIELD OF THE INVENTION

This application relates generally to fluid flow meters, and more

specifically, to a method of field-measuring fluid flow meters of the cone type.

BACKGROUND OF THE INVENTION
U.S. Pat. Nos. 4,638,672, 5,363,699 and 5,814,738 disclose fluid

flow meters and fluid dispersing and mixing devices characterized by a unique
static fluid flow displacement member of the cone type, which is mounted
symmetrically within a section of conduit and is effective to linearism fluid
flow through the conduit within a region defined between the displacement
member and the interior surface of the conduit. The fluid flow displacement
member flattens the velocity profile of fluid flow in the conduit both upstream
and downstream from the displacement member, insures reliable measurement
of fluid flow conditions within the conduit and provides for homogeneous
blending and dispersing of diverse fluids and/or fluids containing particulate
matter.

The unique fluid flow meters and mixers are made and sold under
the registered trademark "V-CONE" by McCrometer, Inc. of Hemet, Calif.
which is the owner of the above patents and the assignee of the present
invention.

Cone-type flow meters, and more specifically, the fluid flow
displacement members and conduit sections in which they are mounted, can
deteriorate over time due to deposits, corrosion and abrasion, and therefore
must be inspected periodically to determine if calibration, re-calibration or
replacement is necesséry. Inspection typically requires that the flow meter be
removed from the pipeline, shipped to a laboratory and inspected remotely
from the field. The need for remote laboratory inspection requires sealing the

pipeline while the meter is out of service, which significantly increases the time
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and money spent on maintaining the fluid flow meters and causes delays for the
time that the flow meter is removed from the pipeline for remote inspection and
calibration, if required.

Accordingly, there is a need for a method of inspecting cone-type
fluid flow meters in the field that provides information on whether calibration,

re-calibration or replacement of the flow meters is necessary.

SUMMARY OF THE INVENTION

A method is provided for taking field measurements of cone-type
fluid flow meters and for determining whether the flow meter needs to be
replaced and/or sent to a laboratory for calibration. The method includes
taking measurements of the components of the meter, evaluating the
measurements taken and determining whether the measuréd dimensions are or

~ are not within designated specifications and/or tolerances. The method of the
invention saves significant time, energy and costs by taking measurements in
the field for determining whether the meter is within specifications. and may
remain in service or the meter is outside specifications and needs to be sent to a

| laboratory for wet calibrations.

Another method provides an “as built” measurement set
including the above measured values to a user with the documentation package
associated with the flow meter. The “as built” measurement set is used as
guide for taking the above measurements in the field to assure that the *as

_built” measurements and the field measurements are similar.

These and other features and advantages of the invention will
become apparent to those of reasonable skill in the art from the following
detailed description, as considered in conjunction with the accompanying

drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of a fluid flow meter of a cone type for
measuring fluid flow in a pipeline.

FIGs. 2A and 2B represent a flow diagram illustrating a preferred
embodiment of the method of the invention. '

FIG. 3 is a schematic diagram taken generally along line 3-3 of
FIG. 1 illustrating different measurement locations of the inner diameter of the
upstream or inlet end of the meter body of the meter of FIG. 1.

FIG. 4 is a schematic diagram taken generally along line 4-4 of
FIG. 1 illustrating different measurement locations of the distance between the
beta edge of the cone type displacement membe_r and the inner wall of the

meter body of the meter of FIG. 1.
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DETAILED DESCRIPTION

The following is a detailed description of preferred embodiments
of a method of field-measuring a fluid flow meter presently contemplated by
the inventor to be the best mode of carrying out the invention. Modifications

- and changes therein will become apparent to persons of reasonable skill in the
art as this description proceeds.

Referring now to FIG, 1, the preferred emBodiment measures

. certain dimensions or parameters of a fluid flow meter 100 in the field to
" determine if calibration, re-calibration or replacement of the flow meter or parts
of the flow meter are necessary. The fluid flow meter 100 includes a meter
body 101 that is connected in a pipeline, more specifically, between pipe
sections 116 having flanges 117. The meter body 101 includes a through hole
~or bore 103 in which a fluid displacement member 102 is positioned and
mounted to linearize the fluid flow through the fluid flow meter body 101.
Specifically, the fluid displacement member 102 is mounted to the meter body
101 using tubular mounting member 110. The fluid displacement member 102
includes a frusto-conical ﬁpstream portion 104 and an optional but preferred
frusto-conical down stream portion 106. The mounting member 110 is
generally L-shaped and extends through the wall of the meter body 101 and
communicates axially through the interior of the fluid displacement member
with the downstream face of the downsiream portion 106 . The upstream
portion 104 and thé downsfream portion -1_06 are made of conical, sloped walls,
which face, respectively, in the upstream and downstream directions. Except
as hereinaﬁer described, the upstream portion 104 and downstream portion 106
have essentially the same physical characteristics and function in essentially the
same manner as the flow displacement members utilized in the “V-Cone”
- devices available .from McCrometer, Inc. and those described in U.S. Patent
Nos. 4,638,672, 5,363,699 and 5,814,738, the disclosures of which are

incorporated herein.
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The fluid displacement member 102 is smaller in size than the
bore 103 defined by the meter body 101 and is mounted coaxially within the
bore 103 normal to the direction of the fluid flow. The sloped walls of the
upstream portion 104 and the downstream portion 106 are symmetrically
spaced inwardly from the inside surface 114 of the meter body 101. As shown
in FIG. 1, the upstream portion 104 and the downstream portion 106 meet at a
peripheral edge (i.e., beta edge) 108. As shown in FIG. 1, the edge 108 is the
closest point to the inside surface 114 of the meter body 101.

The fluid flow meter 100 also includes longitudinally spaced
pressure taps 111 and 112 that extend radially through the wall of the meter
body 101 at spaced apart locations.. The taps 111 and 112 communicate
respectively with an area within the body 101 upstream of the displacement
member 102 and an area within the body 101 axially adjacent and downstream
from the downstream face 106 of the displacement member 102. The pressures
and pressure differential sensed at the taps 111 and 112 enable highly accurate
flow measurements using conventional fluid flow measurement
instrumentation (not shown) connected to the taps.

As fluid enfers the inlet or upstream end of the fluid flow meter
100, it is displaced or deflected By the upstream portion 104 of the fluid
displacement member 102. Specifically, the fluid flows into an annular region
of progressively decreasing cross sectional area to a minimum annular area at
the plane of the edge 108. The fluid then flows into an annular region of
progressively increasing area as defined by the downstream portion 106. The
fluid displacement member 102 in this manner stabilizes and condition_s the
fluid flow on both the upstream and downstream sides of the fluid displacement
member 102 over a predetermined range of flow rates. Stabilizing the fluid
flow eliminates disturbances around the fluid displacement member 102 and
provides highly stable pressure signals at the measurement taps 111 and 112

Deteriorating physical conditions can, however, adversely affect
the fluid flow and thereby destabilize the signals. For example, pérticulates or

other matter in the fluid may be deposited on and build-up on the upstream
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and/or downstream portions 104, 106 of the fluid displacement member 102. If
the deposits are substantial, the deposits can disturb the fluid flow and affect
the signal. Also, corrosion or abrasion of the meter body 101 and/or the fluid
displacement member 102 can affect the fluid flow and signal in the same way.
In particular, the parts of the flow meter that are most susceptible to
deterioration and wear are the inlet area of the meter body 101 and the surfaces
refining the annular space or gap surrounding the fluid displacement member
102 and its beta edge 108. '

Therefore, it is important to iﬂspect and, if needed, to calibrate or
re-calibrate the fluid flow. meter 100 periodically to make sure that
deteriorating conditions are not affecting the performance of the meter.

_ Typically, the fluid flow meter 100 is rembved from the pipeline
to perform tests, calibrations and re-calibrations of the fluid flow meter at a
remote location, which is time consﬁming and expenéive. The preferred
method ihspects and measures dimensions of the flow meter 100 in the field to
determine whether tests, calibrations, re-calibrations or replacement is
necessary, which saves significant time and costs.

| The method of the invention includes performing a visual
inspection and taking a set of physical measurements in the field to determine
if the fluid flow meter 100 requires calibration, re-calibration or replacement.

In an embodiment, the method includes visually inspecting the
fluid flow meter 100 through an access port after it has been in service for a
designated period of time such as one year as described by block 200. The
inspection includes determining whether any deteriorating conditions exist
which would significantly alter either the inside. area of the pipe (i.e., the inlet
area) or the annular area afound the fluid displacement member 102, and would
therefore severely alter the condition of the edge 108 or change the diameter of
the fluid displacement member 102 as described by block 202. If the fluid flow
metef 100 does not include an access port, then inspection is preformed in any
other suitable manner. If the inspection indicates a deteriorating condition,

then the fluid flow meter 100 is removed from the pipeline 116 in the field and
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inspected. .Speciﬁcally, the fluid flow meter 100 is inspected to determine if
there is any apparent deterioration, deposition, corrosion or abrasion as
described above. Afier removal from the pipeline, a set of measurements is
taken that will help to determine if calibration, re-calibration or replacement of
the flow meter 100 or the fluid displacement member 102 is necessary.

If a deteriorating condition exists, measurements of the inside
diameter (D) of the flow meter upstream from the taps 111 and 112 are taken at
different locations as shown in FIGs. 1 and 3 and described by block 204.
Specifically, measurements of the inner diameter of the body 101 adjacent its
upstream or inlet end are taken at four different locations as indicated at 1-1, 2-
2, 3-3 and 4-4 in FIG. 3. The measurements are taken using measurement
instrumenfs such as an iﬁside micrometer or similar device, having precision of
0.02mm (0.001 inches) and telescoping gauges with extended handles of
300mm (12 inches). When taking these measurements, the technician must
carefully assure that the inside micrometer is on the true centerline and
perpendicular to the axis of the pipeliné. This is important to insure that the
true inside diameter of the fluid flow meter is measured at thé designated
measurement locations.

After the inside diameter measurements are taken, the mean value
of the four measurements is calculated as described by block 206. The result is
the meter inside diameter (D) that is used in subsequent calculations desciibed
below. '

_ The_method also includes measuring the distance between the
edge (i.e., beta edge) 108 of the fluid displacement member 102 and the inside
surface 114 of the meter body 101 at different designated locations as described

- by .block 208. As shown in FIG. 4, eight different measurements are taken of
the distance between the edge 108 of the fluid displacement member 102 and
the inside surface 114 of the meter body 101. After the distance measurements
are taken, _the mean value of the distant measurements is calculated as

described by block 210. The mean value of the distance measurements is used
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to determine the beta ratio of the fluid flow meter “B,,” as described by block

212. Specifically, the B, ratio is determined using equation (1):

_ |Agap|,_gap

m m

~ where Dy, is the inside diameter of the flow meter body 101 in meters (m)
based on the field measurement and “gap” is the distance in meters (m)
between the edge 108 and the inside surface 114 of the meter body 101.

Next, the variable A, is determined using equation (2):

A= (D/Di)**100 @)

where A, is the calculated ratio of Dy, and the initial inner diameter sizing of

the body D; expressed as a percentage (%) (block 214),

Using the measured value B, and the beta ratio B; from the initial
sizing of the cone of the fluid displacement member 102,the variable B, can be

determined from equation (3) as follows:
Be= (Bu/Bi)*100 (3)

where [, is the ratio of the beta ratios B, and B; expressed as a percentage(block
216). | |

After making .the above calculations, the values A, and f, are
used to evaluate the flmid flow meter 100.

To determine if calibration, re-calibration or replacement is
necessary, the following acceptance criteria are used to evaluate the condition
of the fluid displacement member 102 and the flow meter body 101,

- Specifically, if A, is between 99.77% and 100.23% and B, is between 99.63%
and 100.37% as shown by block 218, then the measurements exhibit normal

variation and no re-test is needed (block 219).
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If A, and B; are not within the above limits bﬁt are within the
limits of 99.54% < A,;<100.46% and 99.26% < B, < 100.74% shown in block 220
then the user repeats the measurement set to reinforce its validity. The user
also examines the conditions under which the measurements are to be taken
(block 224). If problematic conditions exist such as bad weather conditions
{i.e., snowstorm, thunderstorm, etc.) then no-re-tests are performed as shown
in block 228 becausé such conditions may -confribute in increase in
measurement variations. - _ |

If there are no problematic conditions, then the operator refers to
the visual inspection of the flowmeter (block 230) completed in block 200. Ifa
deteriorating condition exists, the meter gets re-tested as shown in block 222.
Alternatively, if a deteriorating condition does not exist, then no re-test is
performed as shown by block 228. |

If A, and P, or either of A, or P, are outside out of the limits
shown in block 220, then a re-test is performed using the factory dimensions on
the sizing and/or original test report for the flowmeter as shown in block 222.
In this way, the operator can determine if the coefficent of flow (Cs) has
changed significantly, If Cr has changed significantly, the user should then
contact the company and .provide the new dimensions, Cr and other relavent
details to the company because the company maintains a permanent record,
including the history, of the flow meter. Such information allows the company
to monitor its meters for informational purposes. Also, not all test labs are
familiar with the interrelatedness of Crand the meter dimensions or the levels
of significance of the dimensions. The company thérefore is in a position to
advise the end user if there is an error in the calibration of the meter.

In another embodiment, an “as built” measurement set including
the measured values described above is providéd to a purchaser/user with the
documentation package that accompanies each purchased flow meter. The “as

" built” measurement set includes the above measurements, which are taken and
: dqcumented by the manufacturer, and used as a guide for taking preliminary

field measurements to assure that the “as built” and the preliminary field
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measurements are similar. Specifically, the “as built” measurement set will
. provide the initial beta ratio (B;) and the initial inside diameter (D;) of the flow
meter will include a test report (if the flow meter was tested). '

If a user does not order the “as built” measurement set when
purchasing the flow meter 100, then preliminary field measurements may be
taken to calculate the initial beta ratio (B;) and the initial inside diameter (D;) of
the flow meter. The preliminary field measurement set is used to calculate the

following expression:

_ |4-gap(. gap
o)

From this expression, the measured inlet area to the area based on
D; is expressed as a percentage as described in equation (2) above. Using the
calculated value By, and the beta ratio B; determined from the initial sizing, the
variable B, can be determined from equation (3) above. The resultant values
are compared to the acceptance criteria described above to determine if
calibration, re-calibration or replacement is necessary.

While several particular embodiments of the present method for
field-measuring a fluid flow meter have been shown and described, it will be
appreciated by those skilled in the art that changes and modifications may be
made thereto without departing from the invention in its broader aspects and as

set forth in the following claims.

10
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WHAT IS CLAIMED IS:

1. A method for taking field measurements of a fluid flow
meter including a fluid displacement member to determine when to calibrate
the fluid flow meter, said method comprising:

(a)  taking measurements of dimensions of the fluid
displacement member;

(b) evaluating said dimension measurements; and

(c) ascertaining whether said dimension measurements are

within designated dimension limits.

2, A method for téking field measurements of a fluid flow
meter including a meter bddy and a fluid displacement member to determine
when to calibrate the fluid flow meter, said method comprising: |

(@) taking measurements of dimensions of the interior of the
meter body;

(b) evaluétin_g said dimension measurements; and

()  ascertaining whether said dimension measurements are

within designated dimension limits.

3. A method for taking field measurements of a fluid flow
meter including a fluid displacement member to determine when to calibrate
the fluid flow meter, said method comprising:

(a) taking at least two measurements of an inside diameter of
the fluid flow meter at a location upstream of the fluid displacement member;

(b)  taking at least two measurements of a distance between an
cutermost edge of the fluid displacement member and the inside surface of the

fluid flow meter;

(c) calculating a first mean value based on said at least two
measurements of said inside diameter and a second mean value based on said at

least two measurements of said distance;

11
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(d) calculating a beta ratio B, based on said first and second

mean values;

(e) calculating A, from the ratio of said first mean value to

the initial inside diameter of the fluid flow meter;

@ | calculating P, from the ratio of By, to the initial ratio of the
meter, [3;; and

(g)  ascertaining whether A.and B, are within designated limits.

12
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