WO 02/ 090897 PCT/ EP02/ 04637 1 FLOW METERI NG The present invention rel ates
to flow netering, and in particular to a flow neter installation adapter,
a fl ow sewear/208pay, and a nethod for operating a nulti-secympro2/o4seT mal
|l oss flow neter. Flow nmeters are well known devices that can be used to
measure the rate of flow of a fluild such as a liquid or gas through a
pi pe. Known flow neters nonitor various conditions such as the rate of
| oss of heat froma heated sensor or differential pressures to provide an
out put representative of flow conditions within the body of a flow neter.
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difficult to pre-calibrate a meter without a precise know edge of the
operational environnment in which that neter is to be fitted. As a result,
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the case that flow meters are delivered to the end user on the basis that after
installation they will be adjusted such that the flow meter output does represent a
true measure of the flow through the meter. Such an approach requires highly
skilled technicians to install meters and it would clearly be highly desirable to rely
upon factory-calibration to a much greater extent than is possible at present.

One problem encountered when installing flow meters is that such meters are
generally inserted between flanges of a pipeline. Thus the flow meter will define
an inlet of factory-determined dimensions which in use is located downstream of a
passageway defined by a pipe of unknown dimensions. Even if for a particular
installation the nominal internal diameter of a pipe upstream of the intended meter
location is known, there is almost inevitably a discontinuity as between the meter
body inlet and the pipe immediately upstream of that inlet which generates
unpredictable effects within the meter body. Such unpredictable effecis make it
impossible reliably to calibrate a flow meter until that flow meter has been installed
in its final place of use.

It is an object of the present invention to obviate or mitigate the problem outlined
above.



2 According to the present invention, there is provided a neter
installation adapter for fitting upstreamof a flow neter in a
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nmeter. The t ar extension may I1tself ed on a flange which in use
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If a sin nsor 1S positioned hr ee_ rters o e radvus of the
pi pel i neNegfio Prayide agasket of unpredictable configuration between the installation

adapter and the flow meter.

A meter installation adapter as defined above does make it possible to
predetermine conditions immediately upstream of a flow meter and thereby to
improve the accuracy of factory calibration of a flow meter. The conditions in
which the flow meter is used can however change in an unpredictable manner as
a result of other factors, for example instability in the flow resulting from upstream
bends and discontinuities in the pipeline, particularly when flow rates vary to a
substantial extent. For example, if a thermal loss flow meter provided with a single
thermal loss sensor is calibrated on the basis.that a fully developed flow is
expected in the vicinity of the sensor, and yet conditions change such that the fully
developed flow is disrupted, the relationship between the sensor output and the
flow may be radically altered, rendering the meter output inaccurate. If a single
sensor is positioned at three quarters of the radius of the pipeline away from the
pipeline axis in a position which can be represented at 12 o’clock, the same
sensor located at the same distance from the pipeline axis at a position which
could be represented as for example 3 o’clock could produce a very different



pi peline axis in a position which can be represented at 12 o'cl ock, the
sane sensor |ocated at the sane distance fromthe pipeline axis at a
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structure sensors capable of detecting asymetry in flow can be provided
in a sinple and, robust structure. Preferably that structure al so supports
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have cer taole aftraabagarid foW sefsingsbeiidrefiave been installed in a wide
range of applications. Such flow neters do however have the disadvantage
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array for positioning in a passageway through which fluid flow is to monitored,
comprising a unitary support extending from one wall of the passageway and
extending at least partially around a central portion of the passageway, and at
least three flow sensors mounted on the support in a non-linear array.

By mounting three or more sensors on an annular or similarly shaped structure
sensors capable of detecting asymmetry in flow can be provided in a simple and
robust structure. Preferably that structure also supports a sensor located centrally
within the passageway.

Thermal loss flow meters have certain advantages and as a result have been
installed in a wide range of applications. Such flow meters do however have the
disadvantage that energy is inevitably dissipated given that the flow meters
operate on the basis that energy is lost into the flow at a rate related to that flow.
In systems where multiple sensors are required to detect asymmetric flow patterns
the energy losses from the multiple sensors can become significant, particularly in
pipeline networks where many flow meters are required.

It is an object of the present invention to obviate or mitigate the disadvantages in
terms of energy loss referred to above.



In systens where nultiple sensors are required to detect asymetric flow
patterns the energy losses fromthe nultiple sensors can becone

signi ficawD,02pen8p7 cul arly in pipeline networks where maneCiiiEPo2/oBers are
required. It is an object of the present invention to obviate or mtigate
t he di sadvantages in terns of eneﬂgy | oss referred to above. WO 02/ 090897
PCT/ EPO2/ 04637 4 According to a third aspect of the present invention
there is provided a nethod for operating a flow nmeter conprising a
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only a single thermal loss sensor. Periodic testing however by energising all of the
sensors and comparing the resultant outputs with pre-recorded outputs enables
loss of calibration accuracy to be detected.

Embodiments of the present invention will now be described, by way of example,
with reference to the accompanying drawings, in which:

Figure 1 is a sectioned perspective view of a flow meter body mounted between
two flanges of a pipeline and downstream of a meter installation adapter in
accordance with the present invention;

Figure 2 is a sectional view through the assembly of Figure 1;

Figure 3 is a view similar to that of Figure 2 but showing a thermal loss flow meter
sensor support structure mounted in the body of the flow meter shown in Figure 2;

Figure 4 is a perspective sectional view through the assembly of Figure 3;

Figure 5 is a view from below of the sensor support structure shown in Figure 4;



Figure 3 is aviewsimlar to that of Figure 2 but showng a thermal |o0ss
flow neter sensor support structure nounted in the body of the flow neter
shown in Wogowe0827 Figure 4 is a perspective sectional viPewEPhz/owgh the
assenbly of Figure 3; Figure 5 is a view from bel ow of the sensor support
structure shown in Figure 4; WO 020090897 PCT/ EP02/ 04637 5 Figure 6 is a
vi ew from above showi ng details of the flow neter housing and the
orientation in use of the sensor support structure within that housing;
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Figure 7; Figure 9 is a cross section through the sensor support structure
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Fi gure 1préserd lrpmmlpecmoorponaanglamrmltemam sémsoughppod stractlre) t er nati ve
enbodi ment of the present invention incorporating a star-like sensor
support structure; Figure 12 is a side view of the sensor support

st ruct ur Ei@Hred igua etailed Fieyuefthesensor syeparpakuctuee of Bigues 7t he sensor
support structure of Figure 11; Referring to Figures 1 and 2, the

illustrated ass,enblly conprises a flow nmeter body 1 defining fl anges 2 and
3 sandw %l@ﬂeb%%ﬁﬁsﬁsﬁP%@rﬂu%mﬁ s Sb'ﬁéoﬁﬁﬂuémfeé)fﬁ%ﬁsne 5 and a

fl ange 6 shouitgetheopogiitmirgNef sénsdrd el et drutiréismd a flow meter sensor
(not shown) is supported 1n the flow neter body 1 so as to be exposed to

fluid flowing in the direction of arrow 8 through the assenbly. A neter
i nst al | afFigureddristaesedionxanethadinierts 10 leroughtthe atrugiupe ob Figuoedt he body 1.
The adapter is sealed to the neter flange 2 by an Oring 10 that seats
against a_ flange 11 on the downstream end of the adapter 9. The outside
di anet er dﬁurﬁﬁé igcPapRrepectiye; seatigsal Yiawrihtaugh aseepndialigraative of t he pi pe
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The |n5|dfz dj aneter of the adapter 9 is the “sane as the i1nside dianeter of
t he net ePHE ?’ng 1 and the flanges 2 and 11 are dinensioned such that the
axes of the body 1' and adapter 9 are in alignnment. Thus there is no
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Figure 13 is a perspektive view of the sensor support structure of Figure 11;

Referring to Figures 1 and 2, the illustrated assembly comprises a flow meter body
1 defining flanges 2 and 3 sandwiched between a flange 4 mounted on one end of
a pipeline 5 and a flange 6 mounted on one end of a pipeline 7. In use, a flow
meter sensor (not shown) is supported in the flow meter body 1 so as to be
exposed to fluid flowing in the direction of arrow 8 through the assembly. A meter
installation adapter 9 extends into the upstream pipe 5 from the body 1. The
adapter is sealed to the meter flange 2 by an O-ring 10 that seats against a flange
11 on the downstream end of the adapter 9. The outside diameter of the adapter
9 is less than the inside diameter of the pipe section 5 such that an annular space
12 is defined outside the adapter 9. The inside diameter of the adapter 9 is the
same as the inside diameter of the meter housing 1 and the flanges 2 and 11 are
dimensioned such that the axes of the body 1 and adapter 9 are in alignment.
Thus there is no surface discontinuity at the interface between the adapter 9 and
the body 1 represented by line 13.



the body 1 represented by line 13. WO 02/090897 PCT/ EPO2/ 04637 6 As best
seen in Figure 2, the flange 2 supports a lip 14 which projects over the
edge of tweoklgnsge 11 from which the adapter 9 extends. TREeTIHPaN@®3I2 renvt e
from the lip 14 also defines a recess to receive a projecting portion 15
extending in the axial direction from t he flange 11. This ensures that the
installer can ensure that the extension 9 is correctly aligned with the
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| ocated on the axis of the passageway_ defi ned
Figures 3 and 4 show the assembly of Figures 1 and 2 after a flow meter has been

mounted on a side of the flow meter body 1 not shown in Figures 1 and 2. The
flow meter comprises a housing 14 extending upwards from a base plate 15. As
best shown in Figures 5 and 6, the base plate 15 supporis a projection 16 defining
an arcuate inner surface 17 which is a continuation of the inner surface of the body
1. Aring sensor 18 is supported on a radial rod 19 extending out of the surface
17. The body 1 defines a groove 20 which in use receives a sealing ring (not
shown), the plate 15 being secured onto the body by four bolts (not shown)
extending through the apertures shown in Figures 5 and 6.

The ring 18 supports four sensors (not shown) spaced at 90° intervals around the
ring. The rod 19 also supports a sensor (not shown) adjacent its end. In use, the
sensor supported by the rod 19 is located on the axis of the passageway defined
through the body 1 and each of the sensors supported by the ring 18 is located at
a distance from the passageway axis equal to three quarters of the radius of the
passageway.



t hrough the body 1 and each of the sensors supported by the ring 18 is

| ocated at a distance fromthe passageway axis equal to three quarters of
t he radi \Wwook/00ise7 passageway. WO 02/ 090897 PCT/ EPO2/ 0463 PCT/EPREO®BT I Ng t O
Figures 3 and 4, given that there s no discontinuity between the inner
surface of the adapter 9 and the i Aner surface of the body 1, flow

conditions. upstream of the sensor ring 18 are deterni ned Iar gel y t he
char act eaﬁﬁrf‘gg t%%a Uies 3aneht, eQ*VE?rhth?élﬂ?Qrﬁdﬁ NOHESGAHINLEY QPTV%QQ%@edfméhe pi pe

5 : HLO \t/\&éﬁdfcé ?ﬁth@;&iﬁpﬁér @ah@me pern sLfaes bethe D@ ef Ve cohEitions er C?R be
callpbrated .1 n act or S 1 ons u e
ot er ar QORI O 8 ShESQt it s &%@rmme@aaegxﬁgv‘fht AR iR hh e

di sconéI i adapter eahbethwethetdharaummtmg oi¢ihe pgd Hintd M|¢‘rettwadimﬂgrd 9 haa][td t he

i nner | t orm a
seal bet g/ge%ﬁtﬁ{sr?g{erge?@r&%%ge ﬁ? &%&é %ﬁlgé ggll¢r%5egjggqﬁ5?%%§ﬂé%@§% béﬁaht wel |
pr oj ect MCandmonﬁmsﬂeamrofathe meiet asnenainie lfdbe adapier Pavas apt prasest.r uct
the inl efhe?é'@vom bb@dt@@éﬁ—tfndﬁg% HetwdBR tHé% @T'u th;*‘t?eﬂ’t’t%a el Metdf BBagance

with the, pres I nyenti on erefore ensur |t I ONs upstr am of

the netel aaﬂéﬁﬁdwf Wmteréétfﬂ%pw aEurtaferra@ret, I'f@ used terfofme
adapt er . aFeal bewawn thepnelet betly Ycind tespipmlange Ei, M?@sl&th@i ght wepvi des a

or esent _ BipEtdaRR Bierds R cat i HEe ““o%t“to“m%ﬂa' L il ot
makes it opibegnbier hoolyroriinearse afdhdiadaptes mtacf:o:danpesmth thegprepgented ar ound
the axis; n%ﬂtu?ﬁ tlﬁe@ daré'e?tsh ethét ccﬁ?d@%né 8@% éa}rﬁ of He m%‘f@r%%tlﬁg

represent at1 o I ONnsS net €ér can ltal ned.

The di rreﬁ%rt@ﬁtymf&rtﬁé? t@ermstregmwaﬂ of heradapiee are such however that a

relatively large opening is required as shown in Figure 6 to enable the

|nsert|01i1 and renoval of the structure into_the flow nmeter bod

al t er nat il 0@ SCREPLBRRRThSIIGIHIS SRS Inbigures;Bite & RIpwdes & repyst %é@ﬁ‘t‘rﬁg as

i | I ust r atvifthi is daegubeﬁourit viithinlthe ﬂRﬂif/méteﬂgide@ dﬁtweeﬁant’anmm%p@rrge structure
bod dwi, ched bet es 23 and 24

fl
of & pi pabpictoR fto HrEEnelfter na JEERAGE R o BE BmagdBP S of e
body 22. cerditions Beforspesitibns Bpaesdatbunehthecixis-agdivashe bxisatself. tAseaadapt er

I's accur ptelya {95AL&dir&ie!r8hiedBniaRioh M MR ¥orfdtidhs WithihYhe Abw MEtet ¥an
be obtained. The dimensions of the sensor support structure are such however
that a relatively large opening is required as shown in Figure 6 to enable the
insertion and removal of the structure into the flow meter body. An alternative
arrangement which does not require such a large opening as illustrated in Figures
710 10.

Referring to Figure 7, a support structure 21 is mounted in a flow meter body 22
sandwiched between flanges 23 and 24 of a pipeline. A meter instailation adapter
25 is fitted upstream of the body 22. As in the case of the embodiment of Figures
1 to 6, the adapter is accurately located relative to the body 22 by virtue of the co-
operation of formations provided on the body and adapter flanges. In particular,
Figure 7 shows a portion 26 projecting from the adapter flange as it is engaged in
a radial slot in the periphery of the body flange. The support structure 21 differs
from that shown in Figures 3 to 6 however in that rather than being circular it is
only part circular so as to define what may be loosely described as a J-shape.
Such an arrangement can be manoeuvred into position through a much smaller
opening in the body 22 than is required to receive the full ring sensor structure as
shown in for example Figure 5.
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and at points offset by 90° about the axis. One such structure would have a

radially inwardly extending position, an arcuate portion extending around 90° of

the passageway, and a further radially inwards portion extending to the

passageway axes, sensors being located on the axis and at each end of the

arcuate portion.

With an arrangement such as that shown in Figures 7 to 10, if each of the thermal
sensors 29 and 30 is continuously energised so as to continuously monitor thermal
losses to the adjacent flow, the energy consumed will be five times that associated
with a conventional single sensor thermal flow meter array. Such losses could be
significant in certain applications, particularly where many flow measurements
must be taken. The present invention makes it possible to minimise such thermal
losses by using all five sensors to calibrate the meter and at intervals to test the
accuracy of calibration but relying upon only a single sensor for routine flow
measurement purposes.

For example, when the flow meter is initially calibrated measurements will be
taken from all five sensors for each of a representative set of calibration flow rates
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could then be checked on installation of the meter and its intended site of use,
differences between the sensor outputs being taken as an indication that the
calibration had to be checked. Similarly, after meter installation the accuracy of
the calibration could be checked at periodic intervals so as to detect longer term
drifts or loss of calibration accuracy as the result of for example changes in the
flow conditions immediately upstream of the meter. This facility can be achieved
at minimal extra cost in terms of energy given that except for relatively short test
periods only one of the sensors is energised.

Figure 11 is a perspective sectional view through a second alternative
embodiment of the present invention. According to this preferred embodiment of
the inventive sensor the sensor support has a star-like structure. Different views of
the sensor support structure of Figure 11 are shown in Figure 12 and Figure 13.
The star configuration provides a ‘balanced’ mounting arrangement for each of the
flow sensing elements. This arrangement allows a more balanced distribution of
the overall electrical power to the element network with similar performance from
each sensor element. That means the performance differences between each
individual sensor element (time response, stray body heat losses, power required



di fferences between the sensor outputs being taken as an indication that
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than with.regard t.o.the non synmetrical arrangenment of the sensor el enents
in the b¥ n@@éﬁﬂ?%%ﬁn%ﬁp@ﬁlar design of the sensor support. According
to a preferred enbodi nent the sensor elenents 30 are arranged to the

sensor support as shown in figures 12 and 13. It is also possible to attach
the sensor elenents 30 to the sensor support in a different arrangenent.

It is a further advantage of the star-like structure of the sensor support
means that the sensor can be manufactured potentially cheaper and easier.
The new design allows a set of nodul ar conponents to be created. Therefore
it is quite sinple to manufacture an extended range of star sensor
assenblies to accommpdate a w de range of pipe line sizes. WO 02/ 090897
PCT/ EPO2/ 04637 11 PATENT CLAIMS 1. A neter installation adapter for
fitting upstreamof a flow neter (1) in a fluid-



conveying pipeline (5 7), the flow neter (1) in use being positioned
downstream of a flange (6) defined by the pipeline (7), wherein the
adapter (WP oecomseses a tubular extension having an out siPde/EPOEMESEr Size
to enable its insertion into the ﬂ)pel ine (5) upstream of the pipeline
flange (4), and the tubular extenslion has a downstreamend configured to
engage the flow neter (1) such that a passageway defined by the tubular
extension is located in a predetermned orientation relative to the flow
meter (1). 2. An adapter accordi PATENTCCRAMSES Wwherein the inside dianeter
of the tubular extension of the adapter (9) is essentially the sanme as the
inside dianeter of the flow neter (1). 3. An adapter according to claiml
or 2, wherein the tubular extension of the adapter (9) is nounted on a
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An adapt% !’%Cﬁd% m claim3, 4 or 5 wherein the flow neter flange (2)

defi nes recess receives an Oring (10) to forma seal between the
adapt er and t he flow meter flanges (11; 2). WO 02/090897 PCT/ EP02/ 04637

12 7. A Qemcédafﬁtéﬁacéd?ﬂln@@tﬁ'dlélﬁm %ér@lrﬁth@ﬁﬁ%@%ﬁxe{é}r&‘f g fluid

flowis to tored, conmprisin nitar extendi ng from
one wal | eﬁt@”ﬁ?@ Oﬁhgﬁi@@@ﬂ g‘%@i% ¥ @§§B‘gﬁ?§'@¢ diameterobihear ea
havi ng aflpwenetee(t).ned distance to a central portion of the passageway,
and at |l east three flow sensors nounted on the support (21) in a
non-1i near array.

3. An adapter according to claim 1or 2, wherein the tubular extension of the

adapter (9) is mounted on a flange (11) which in use is inserted between a flange
(2) of the flow meter (1) and the pipeline flange (4).

4. An adapter according to claim 3, wherein the flow meter and adapter flanges
(2; 11) are configured such that the flow meter (1) may be slipped sideways onto
the adapter flange (11) in one orientation only and co-operating surfaces on the
flanges (11; 2) limit the movement of the flow meter flange (2) relative to the
adapter flange (11) beyond the point at which axes of the adapter (9) and flow
meter (1) are aligned.

5. An adapter according to claim 4, wherein the flow meter and adapter flanges (2;
11) define projections (14, 15) which determine the relative positions of the
adapter (9) and flow meter (1).

6. An adapter according to claim 3, 4 or 5, wherein the flow meter flange (2)
defines a recess which receives an O-ring (10) to form a seal between the adapter
and the flow meter flanges (11; 2).



8. A sensor array according to claim?7, wherein the support (21) extending
at least partially around the central portion of the passageway. 9. A
sensor arwey2aeserding to claim7, wherein the support ha®Ca/EPVAN46BT ke
design. 10. A sensor array accordr ng to claim?7, 8 or 9, wherein the
support (21) extends to a central 1%osi tion Wlthl n the passageway and
includes_an at least partially annular portion supporting a series of
sensors &t ASEnsonatraygferpesiiieningins a passagewaytnreugh wdviah Buiddlow isitehe 11. A
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from the central position.

11. A sensor array according claim 10, wherein the annular section supports four
sensors spaced at equal intervals around the central position.

12. A sensor array according to at least one of the claims 7 to 11, wherein each of
the sensors is a thermal loss sensor.

13. A method for operating a flow meter comprising a plurality of thermal loss
sensors distributed about a passageway through which flow is to be monitored,
wherein during normal operation a single sensor is energised to provide an output
representative of thermal loss due to the flow adjacent that sensor, and an output
representative of flow rate is derived from the output representative of thermal loss
on the basis of a predetermined calibration relationship between flow rate and
thermal loss from that single sensor, the calibration relationship being established
on the basis of outputs derived from all of the sensors at calibration, a
representation of the relative values of the outputs of the sensors at calibration
being recorded, and during use the accuracy of the calibration being tested by
energising all of the sensors and comparing the relative values of the resultant
sensor outputs with the recorded relative values, changes in the relative values as
between calibration and test being indicative of loss of calibration accuracy.



