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FLOW METERING

The present invention relates to flow metering, and in particular to a flow meter

installation adapter, a flow sensor array, and a method for operating a multi-sensor
thermal loss flow meter.

Flow meters are well known devices that can be used to measure the rate of flow
of a fluid such as a liquid or gas through a pipe. Known flow meters monitor -
various conditions such as the rate of loss of heat from a heated Sensor or

(:} differential pressures to provide an output representative of flow conditions within
the body of a flow meter. Each type of known flow meter has its advantages and
disadvantages but with many flow meters and in particular thermal loss fiow -
meters it is difficult to pre-calibrate a meter without a precise knowledge of the
operational environment in which that meter is to be fitted. As a resuit, it is often
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
P 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 effects 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 praoblem outlined
above.
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initial calibration and subsequent calibration test purposes only. A
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changes in flow conditions. - 8 DEC 2003 1 FLOW METERI NG The present
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used to seal the flow meter fo the pipeline flange from protruding into the flow

passageway immediately upstream of the meter.

The tubular extension may itself be mounted on a flange which in use is inserted
between a flange of the flow meter and the pipeline flange. A factory-defined seal
may be provided between the flow meter and the adapter flange, obviating the
need to provide a gasket of unpredictable configuration between the installation
adapter and the flow meter.



It is an object of the present Invention to obviate or nitigate the probl
outlined above. -- 8 DEC 2003 2 According to the present inven-t-ﬁoﬂ, Chgﬂag
is provide a flow neter for measuring the flow through a fluid-conveying

pi peline whereby a neter installation adapter is provided for fitting
upstreamof the flow neter in the pipeline, the flow neter in use being
posi ti oned downstream of a flange defined by the pipeline, wherein the
adapter conprises a tubul ar extension ggvi ng an outside dianmeter size to
enable its insertion into the pipelin€ upstreamof the pipeline flange,

and the tubular extension has a downstream end configured to engage the
flow neter such that a passageway defjned by the tubular extension is
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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



bends and discontinuities in the pipeline, particularly when flow
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provided with a single thermal |oss sensor is calibrated on the basis that
a fully developed flowis expected ih the vicinity of the sensor, and yet
condi tions chang}e such that the fully developed flow is disrupted, the
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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 similariy shaped structure
sensors capable of detecting asymmetry in flow can be provided in a simple and
o ropust 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 pattemns
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.
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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 instaliation 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:



with reference to the acconpanying draw ngs, in which: Figure LE\%C 2(][]3
sectioned perspective view of a flow neter body nounted between

fl anges of a pipeline and downstream of a meter installation adapter in
accordance with the present inventiog; Figure 2 is a sectional view through
the assenbly of Figure 1; Figure 3 Is a viewsimlar to that of Figure 2
but showing a thermal |oss flow neter sensor support structure nounted in
t he body (H t(%e £l ow, ma%er shown In Figure 2, Fiqure 4 |s a perspective
sect i onal PR & 1% BUYiRY iR 2k showing dstails of te Tlow meter Bousing anddief r om
bel ow of tdreriaticroin sseppidht sehEUEbUBForE BRUBIUNE WithBLHe ﬂbusiﬂg- DEC 2003 5
Figure 6 is a view from above showing details of the flow m8ter housing and
the orientation in use of the sensor support structure within that
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t hat structgre; and Fi g%r ﬁ‘ﬁq@@%@%ﬁ%ﬁm&?#%&ﬂeﬂ% %”%‘o?t hr ough the
structure of Figure 9; Figure 11 is a perspective sectional view through a
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sensor support structure of Figure 11; Referring to Figures 1 and 2, the
ifl Tust r at £ qneTgy 1 definj fl 2 d
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flange 6 nounted on one end of a pipeline 7. In use, a flow neter sensor
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i nst al | at i GACGHNRO!f §eRiesaptinvention ircaipaiating @ $irpike senson supparbdy 1.
The adaptsuctwreseal ed 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 aneter of the adapter 9 Is less than the inside dianeter of the pipe

section 5 Figute 1is asideaviewodths sensor support structure of Figure 11;

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

Y 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 sa 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 s no surface discontinuity at the interface between the adapter 9 and
the body 1 represented by line 13,




12 is defined outside the adapter 9. The inside dianeter of the Bgaﬁer a 3
Is the same as the inside dianeter of the neter housing 1 and T ng g
2 and 11 are dinensioned such that the axes of the body 1 and adapter 9
are In alignnent. Thus there Is no Surface discontinuity at the Interface
bet ween the adapter 9 and the body 1 represented by line 13. - 8 DEC 2003
6 As best seen in Figure 2, the flange 2 supports a |lip 14 which projects
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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 supports 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
fing. The rod 19 also supports a sensor (not shown) adjacent its end. In use, the
sénsor 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.



The ring 18 supports four sensors (not shown) spaced at 90 intewalagﬁo%@m
the ring. The rod 19 al so supports a sensor (not shown) adjacent™i end.

In use, the sensor supported by the rod 19 is |ocated on the axis of the
passageway defined through the body7l and each of the sensors supported by
the ring 18 Is located at a distance fromthe passageway axis equal to
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arrangement which does not require such a large opening as illustrated in Figures
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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 installation adapter
25 is fitted upstream of the body 22. As in the case of the embodiment of Figures
110 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 exampie Figure 5.



25 is fitted upstreamof the body 22. As in the case of the ean;igrﬂgg@ma
Figures 1 to 6, the adapter is accurately located relative to th

by virtue of the co- operation of fo%mations provi ded on the body and
adapter flanges. In particular, Figure 7 shows a portion 26 projecting
fromthe adapter flange as it is engaged in a radial slot In the periphery
of the bo ,fla%e. The support structure 21 differs fromthat shown in

Fi gurles 3$sgrgur(§%sb %&@Wﬂfﬁ@te imgﬁeatertdﬁai!ﬁm’fmnﬁ@)fgmgls@rnsbg %Lljﬁporpnl y gar':1
circul ar LRUrE® i a escr i. S - shape. uc
an arrangejent rcarfrpeﬁggﬁoe'uvtrf‘g?‘ﬁ@f”p‘%%ﬁ%&%5@%@4@’3%&@9fﬁ'& kod

oFeni ?g i t h;%%d C&Egﬁ’y ;j%@n;ﬁéﬁoﬁ@nr&ﬁ]ﬂrhmdsmcbol&iw.eNémsbquE Imfaﬁgﬁog |
structurethsc wnd of therro>sgram i 3 res 8, an
10 illust reﬁ,t‘%]ﬁ{rn .ga%gr gqu%?ai I t(ﬁfgﬁ{%r%png%é %%gr%?%ﬁge% e tict ure
21dof Fi g et '%lap t @%egg%i)@e rflépelmnlmaly lmual‘dbdﬁanmgsibt_imwneddt 57
and a par ranpidri S ocate
T, 0l DGl Moo e T el
the part- "annular p | 28. ensairsaraaee i y
facijn? sl (Itﬂooﬂdhﬁﬁﬂal Gontatttdhp:almmemuiu@turé(ﬂ\vﬁﬁ%%%r&i_rﬁbhi ﬂﬁha\"qvﬁhb'ﬂ | s
used to ¢ i e C. sensoy s, 30. e overall 'assenbly is
Ii ght wei gh'?é g'stgatg ﬁ@h?efrﬁ%?%ta@@?‘%nger&g’g% qQiBisdromhesk iiva FRRSRYE CeRde
structure ‘{ﬁﬁa RO fREVe @ anstategepraseatationef fldw eonditibas dicupesth ffuchiret he
total of CGomvrentiosalts Lve. s _can be used t
derive an @ﬁsﬁéﬁﬁ rec?ggggf gtﬁg?%%(ﬁ‘éi]ﬁag\%l%%‘rﬁga?ﬁ%ﬁﬁ%gﬁﬁﬁe?wsé%‘&‘g ure.
@%vegg i Oéonl @Eﬂn IEIIPEax\Ow n : $HeSueraonventional tedhaiguesasay beas ddsscribegsfmrs 29
an t plel ean iRatemNo. 216800 1 | be as
descri bed ;(5briét8|rEﬁé Oplfﬁﬁggéggériteﬁzt éﬁ%%ﬁ@%ﬁ%@?g ?ﬂ@a'%élfm Mass

Fl ow Meter”,” proprre user Limted. The arrangenent of
Figures 7 to 10 includes five sensors. A three sensor array could be

support ed To@ | : readed thro arelatively:
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ext endi ng qat _ g g § gReut theaxdsr Onpsuh stalssredvouldthavesxi s and at
each end @dialeinwardly extending position, an arcuate pottion extending around 90° of

' the passageway, and a further radially inwards poriion extending to the

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

P With an arrangement such as that shown in Figures 7 to 10, if each of the thermal
sensors 29 and 30 is continuously ehergiséd 80 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 bg
taken from all five sensors for each of a representative set of calibration flow rates
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differences between the sensor outputs being taken as an indication that the
calibration had to bé 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
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the non symmetriTa Fafyeneft- of the sensor elements in the before
described circular design of the sensor support. According to a preferred
enbodi ment 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
{lements 30 to the sensor support in a different arrangenent. It is a
further advantage of the star-like structure of the sensor support neans
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 nanufacture an extended range of star sensor assenblies
to accormpdate a w de range of pipe line sizes. -8 DEC 2003 11 1. Fl ow
meter for nmeasuring the flow through a fluid-conveying pipeline whereby. a
nmeter installation adapter Is provided for fitting upstreamof the flow
nmeter (1) in the pipeline (5 7), the flow neter (1) in use being

posi ti oned downstream of a ' :



flange (B) defined by the pipeline (1), wherein the adapter (9) | :
tubul ar extension having an outside dianeter size to enable iréf%ﬂgti;ﬁﬁﬁf
Into the pipeline (5) upstreamof the pipeline flange (4), and the tubul ar
extension has a downstream end conflgqﬁed to engage the flow neter (1)
such that a passageway defined by the tubular extension Is |ocated In a
predeterm ned orientation relative to the flow neter (1) and wherein the

i nside diameter of the tubular extension of the adapter (9) is essentially
the sane as the Inside dianeter of the flow neter (1). 2. Flow neter
according to claim1, wherein the tubular extension of the adapter (9) is
nmounted on a flange (11) which in use is inserted between a flange (2) of
the flow neter (1) and the pipeline flange (4), 3. Flow neter according to

claim 2, wher®j ﬁlmﬁmetérdbrﬂﬁ‘aeuﬂﬁ%ﬂlmﬂlﬁﬁ H A8ERScorvéyink Hipdi RBIILIHS o
h th h | :
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t he passageway and r--8 DEC 2003 12 extendi ng at | east partlally I n an area

and af | east ayloRmetr SbsARGRo it £ e 8 Wi e engan of feaokpter
non- | i near aréggf mounted oA fiapge (Hwich H'QHSQiSMsEﬂHCH:Btwben@ﬂhﬁghe(ﬂ BptHY t
(21) extendi Mipwmdterdd) andahd pipelite AaRyE ythe central portion of the _

passageway. 8. Flow neter accordi ng to cfhal m 6, wherein the support has a
star-1ike dESé g'_nl
ow meter according to claim 2, wherein the flow meter and adapter ﬂanges
(2; 11) are configured such that the flow meter (1) may be slipped s:deways 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) rejative to the

adapter flange (11) beyond the pomt at which axes of the adapter (9) and flow
meter (1) are aligned.

@

4. Flow rneter accordung fo claim 3, wherein the flow meter and adapter flanges (2:

11) define PI‘O]eCtIDnS (14, 15) which determine the relative positions of the
adapter (8) and flow meter (1)

5. Flow meter according to claim 2, 3 or 4, wherein the flow meter flange (2)

defines a recess which receives an O-ring (10} o form a seal between the adapter
and the flow meter flanges (11 2).

. 8. Flowmeter according to claim 1, wherein a sensor array is provided for
positioning in a passageway through which the fluid flow is to be monitored,
comprising a unitary support (21) extending from one wall of the passageway and



9. Flow neter according to claim6, 7 oiler 8, wherein the supnilndﬁelgﬂga
extends to a central position wthin the passageway and includ a

| east partially annular portion supporting a series of sensors at
substantially equal distances fromthe cent ral position. 10. Fl ow neter
according cl ai m 9 wherei n the annul ar Bection supports four sensors
spaced at equa tervals around the central position. 11. Flow neter

according to axie apisastpartigly igian sreahavingipredetermimecdistance to lae:entraf
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of ther mal %&"pégﬁﬁ)’“ﬁﬂ% @‘[’H‘"ﬂ%ﬁ"é&@mm the passageway through whi ch
flowis to be noni tored, wherein during normal operation a single sensor
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a predeterm' ned calibration relationship between flow rate and thernal
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10, Flow meter accordmg claim 9, wherein the annular section supports four
sensors spaced at equal mterva!s around the central posttion.

11. Flow meter according to at Ieast one of the-claims 6 to 10, wherein each of the
sensors is a thermal loss SEensor. :

12.A rnethod for operating a ﬂow rneter according o at least one of the claims 110
11, oompnsing a plurality of thermat loss sensors distributed about the-
passageway through which flow Is to be monitored, wherein during normal -
operation a single sensor Is energised to provide an output represantative of
______ thermal loss due to the flow adjacent that sensor, and an output representative of

. flow rate Is derived from the cutput representative of thermal loss on the basis of q |
predetermined calibration relationship batween flow raté 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 accuragy 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.





