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<& (ST) Abstract: A flow meter incorporating thermal loss scnsors and an nstallation adapter o provide known Mow conditions up-

stream of the meter. The installation adapler is in the form of a tubular extension prujecting from a lange which in use is sandwiched
= between a pipeline Nange and a Now meter Mange. The flangex are configured such that a passageway defined by the adapter exicn-
shon is located in a predetermined position relative to the flow meter. The Mow meter may comprisc a sensor array supporting at keasy
three sensors which are not in alignment, one of those sensors being located centrally within the flow meter and the others being
distribuled at equal distances around the central position. In use, normal readings may be taken from a single one of the sensors,
a the other sensors being used for initial calibration and subscquent cafibration test purposes only. A comparison is made between the
relative values of the oulputs of the different sensors to identif ¥ sensor drift or potentially significanl changes in flow conditions.
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streamof the neter. The installation adapter is in the formof_a%g ?003
extension projecting froma flange which in use is sandw ched b

pi peline flange and a flow neter flange. The flanges are configured such
that a passageway defined by the adapter exten sion is located in a
predeterm ned position relative to the flow nmeter. The flow neter may
conprise a sensor array supporting at east three sensors which are not in
al i gnnent, one of those sensors being |ocated centrally within the now
nmeter and the others being distributed at equal distances around the
central position. In use, normal REOWBIETERING taken froma single one of
the sensors, the other sensors being used for initial calibration and
subsequent calibration test purposes only. A conparison is made between the
relative values of the outputs of the different sensors to identify sensor

drift or pPriepid h8Hh £ CﬁEW .0 f C itjons. - 8 DEC 2003 1
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a net hod fthermaldoas flow rBet@ydl ti-sensor thernmal loss flow neter. Flow neters

are well known devices that can be used to neasure the rate of flow of a
fluid such as a liquid or gas through a pipe. Known flow neters nonitor
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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 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.



installation the nonminal internal dianeter of a pipe upstream of t
intended nmeter |ocation is known, there Is alnost inevitably a- IﬁEC 2003
di scontinuity as between the nmeter body inlet and the pipe Imredi ately
upstream of that inlet which generates unpredictable effects within the

nmet er body. Such unpredictable effects make it Inpossible reliably to
calibrate a flow neter until that flow neter has been installed inits
final place of use. It is an object of2t he present Invention to obviate or
mtigate the problemoutlined above. =- 8 DEC 2003 2 According to the
present invention, there is provide a flow meter for neasuring the flow
through a fluid-conveying pipeline whereby a neter installation adapter is
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‘mount ed ometer.f | ange which in use is inserted between a flange of the fl ow
nmeter and the pipeline flange. A factory-defined seal nay be provided
between the flow neter and the adapter flange, obviating the

Thus, regardiess of the internal diameter or condition of the upstream pipeline, the
adapter extension provides the flow meter with known upstream conditions. The
internal surface of the pipeline immediately upstream of the flow meter is masked
by the adapter extension. In addition, the adapter extension prevents any gasket
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.



need to provide a gasket 'of unpredictable configuration between the
installation adapter and the flow neter. - 8 DEC 2003 2a A met-eﬁ DEC 2[][]3
installati on adapter as defined above does make it possible to

predeterm ne conditions i mediately upstream of a flow neter and thereby to
i nprove the accuracy of factory calibration of a flow nmeter. The conditions
in which the flow neter is used can however change in an unpredictable
manner as a result of other factors, fgé exanple instability in the flow
resulting fromupstream bends and disContinuities in the pipeline,
particularly when flow rates vary to a substantial extent. For exanple, if
a thermal loss flow nmeter provided with a single thermal |oss sensor is
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Intersections of the wres. Such an arran?er_rent ?i ves a good distribution
of sensi S§NPY KRSt ﬁ’gee quarters of the fadius 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



passageway, enabling the user to generate a flow representing out_patDEeemos
on the conbination of outputs fromthe different sensors. Such an
arrangenment is however difficult to install and maintain. It is an object
of the present invention to obviate & mtigate the problens outlined
above with regard to flow sensing structures. According to a second aspect
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mounting three or nore sensors on an annula
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| ocated centrally wthin the passageway. Thermal |oss flow neters have
certain advantages and as a result have been Installed In a wi de range of
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4 According to a third aspect of the present invention there is provided a

nmet hod for _operagi ng a flow meter conprising a plurality of thermal |oss
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provi de an outpu resen | oss due to the flow adjacent
that sensor, and an output representative of

According to a second aspect of the present invention, there is provided a sensor
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 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.



flowrate is derived fromthe output representative of thermal | osP BE(ghgﬂ[]g
basis of a predeterm ned calibration relationship between flow rate an
thermal |oss from that single sensor,, the calibration relationship being
established on the basis of outputs derived fromall 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
cal i brat i SNCESTRG ot aspeshef tiespraseat invehtiomihers enpansdend nisthBarbng
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showi ng defails g# cfhe A PuPRR LLPAHRIBUPR ACGHRYhe  orientation in use of
the sensor support structure within that housing; Figure 7 is a perspective
hcor por at pe ani P g K8 IRB5! SRR o ine berst s Bnéfgicea tharmal ' °"
tIos s are not su?)stantially increased as compared with a éystem incorporating
-only a single thermal loss sensor. Periodic testing however by energising ail of the

sensors and comparing the resuliant 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 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:



Figure 8 is a detailed view of the sensor support structure of El&gﬂ&[_j?z(]ga
Figure 9 is a cross section through the sensor support structure™o I gure
8 showi ng the positioning of sensors within that structure; and Figure 10
is a section on the |ine 10-10 through the structure of Figure 9; Figure 11
I's a perspective sectional view through a second alternative enbodi nent of
the present invention incorporating a star-like sensor support structure;
Figure 12 Fiiéu% Lde vi e¥v of the sensor support structure of Figure 11,

Fi gure 13 /g4t %é%@ﬁ’@w rOm 3hQVe showing datallepf thedlony meter hewsing apt thegur e
11; Ref er rdremtatiorFirguseest the aeeisar sifisort strusiure WarirPgee ABL¥ingoPr i ses a flow
meter body 1 defining flanges 2 and 3 sandw ched: between a“f| ange 4

nmounted on one end of a pipeline 5 and a flange 6 nounted on one end of a
pi pel i ne Figuie Téea perspesiive settonslaeethiongh shalemaiive sHbRAAiheRt bihhe

fl ow net er, : . aS: . fluid flown n_the direction of
arrow 8 t rrggg%t "E‘ H%ﬁé(@ilg& ﬁp@?at@Qﬁéﬁgréﬁggﬁtﬁr&pr 8Hp%wg§tflé?ﬂ@eéxt ends into
the upstream pipe 5 fromthe body 1. The adapter is sealed to the neter
flange 2 Ipjgafe &id b HRdt e ASG he downstream
end of the %dapter gmtéfl'%g cl)utgg‘?%?anet%&?‘%h@%@aﬁ%pa%h s less than
the inside dianeter of the pipe section 5 such that an annul ar space 12 is
defined owRigide i$a chekEPicRtioR thidiRyh the ' ig 9 Is the
same as t%ﬁgomigﬂg di a.liret.er [q%f ﬁ%@ e eﬁ&sgtgpﬁ%&isgggh?ﬁg%@&ggs 2 and 11
are dine T PASHRING Of sengars withindbahgiycre;addadapter 9 are In

a1I:|i gnnment. Thus there Is no surface discontinuity at the Interface between
‘the adapt e € | ng 13. - 8 DEC 2003 6 As
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the edge of the flange 11 from which the adapter 9 extends. The fl ange 2
renote fr ' i i rojectin
Figuieel i 8 pbfspRbiite Qébiu?}%g.\ﬁe\&ﬂ%ﬁﬁptaoséﬁ@ ﬁifeéﬁ%@: J g

portion 15}%ﬁét‘ﬁndlrﬂg’gh{] t he ﬁ)(la directionfromthe 1. This
ensures t PG § RresephinvestieR ingpporating a-taktike 6anson support ect | v
al i gned wigttuctime; body 1. In the illustrated case, the

Figure 12 is a side view of the 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,




axial length of the extension 9 is greater than the spacing bet
fl anges 4g and 6. Such an arrangenment could only be installed |'¥\%aDE¢ 2003
time of installation the spacing beiween the flanges 4 and 6 can be
increased to at |least the axial length of the adapter 9. Wthout any
novenent of the flanges 4 and 6 however the flow neter body 1 can be
slipped out fromthe gap between the flanges 4 and 6 without having to
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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 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.



surface of the adapter 9 and the inner surface of the body 1, fl_oalgE[% 2003
conditions wupstreamof the sensor ring 18 are determned largely b e '
characteristics of the adapter rather than the characteristics of the pipe
5 into which the adapter 9 has been7inserted. Therefore the neter can be
calibrated_in the factory on the basis that conditions upstream of the
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{ustrated in Fi gures 7 to 10. Referring tc gure 7, a support structure
21 is nounted in a flow nmeter body 22 sandw ched between flanges 23 and 24
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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 altemative

arrangement which does not require such a large opening as illustrated in Figures
71010.
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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.



circular so as to define what may be | oosely describeg 0
31%82.” Such an arrangenment can be manoeuvred into position thr@ﬂaﬁglzlo 3
much smaller opening in the body 22,than Is required to receive tgg 8u

ring sensor structure as shown In f%r exanpl e Figure 5. -8 DEC 20

Figures 8, 9 and 10 illustrate in greater detail the formof the s:alnsor
support ructure 21 of Figure 7. The structure conprises a radially
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SEormal ofihe supported on a structire which could be threaded through a relatively

small aperture and yet would still be able to sense conditions on the meter axis -

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.

P With an arrangement such as that shown in Figures 7 to 10, if each of the thermal
sensors 29 and 30 is continuously energlsed 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



| osses to the adjacent flow, the energy consuned will be five tl_Eﬂggatzoua
associated with a conventional single sensor thermal flow meter .

Such | osses could be significant in certain applications, part icularly
where nmany flow measurenments nust bg taken. The present Invention nakes it
possible to mnimse such thermal |osses by using all five sensors to
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?ﬁntsg(rasf 2%??@?’?%@;??3 acy %f th(ra“fzéafs?@ireét ilon could then be checked on

installation of the neter and its intended site of use,
Initial calibration could be conducted in the factory. The accuracy of the calibration

could then be checked on instailation of the meter and its intended site of use,
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
P~ 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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accuracy of the calibration could he checked at periodic intervals so as
to detect longer term. drifts or I@ss of calibration accuracy as the
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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. Flow neter for neasuring the flow through a fluid-conveying ﬁttﬂ% :
whereby. a neter installation adapter Is provided for fitti ng-fﬂ) 0&3

the flow nmeter (1) in the pipeline (5 7), the flow neter (1) in use-being
posi ti oned downstream of a flange (B) qeflned by the pipeline (1), wherein
t he adapter (9) conprises a tubul ar Ytensi on havi ng an outsi de di aneter
size to enable its insertion Into the pi peline (5) upstream of the

pi peline flange (4), and the tubul ar extension has a downstream end -
configured to engage the flow nmeter (1) such that a passageway defined by
the tubul ar extension Is located In a predeterm ned orientation relative

to the flow neter (1) and wherein the inside dianeter of the tubul ar
extension of the adapter (9) is essentially the same as the Inside

di ameter of t heFfdwometatfor n(ehbuﬂngthecm@wm%ﬁgﬂ FRESHirk b e
wherein the t n.of. the | S 3 a ?'?rl?ea
(11) which | nH@%ﬁf‘sﬁM@} ‘B’e‘?xﬁé’éﬂgﬁ quﬁhj@ Igf}re@fﬂ ohibe flovometart(d) ir(gl)
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flow nmeter (12 ? i?%bggﬁé] P@%%égnbﬁﬂ%mﬂﬁ& MQP?W@H ge§ adybulgrone
orientation o auiside diametes size toenabiz its inserjion itbne pipelinet -

t he novenent. (ﬂ)uphtreammﬁﬂwpwghﬁéﬂag@e(@Laﬁ@Wwi#% an'g er flange

Ak

(1D Pevon b G SR G343 o b Lates

sHeh HLat AlRAFSADEWAYand
adapter fl ang‘é@f negl by the)tubdpr ﬁdepsiond&tacatm it predibermnctioritatation ﬂ\)&e

%];
ool g s 3"”““"%"’3@ (176 w’é'mﬁ“g‘r"f%"mﬁéﬁg Hie g SRS oo o
fecess whi ch bty (§)Bpssen E))Sam? as)minadedéamaemé&m averreton(19r

and the flow neter flanges (11; 2).. S. Floweter awarding to claiml,

wherein a se I on|n i n.a passageway through -
whi ch the fl E&F "f’m&.‘é ﬁﬂﬂ%'ﬁ%d"%ﬁwﬂ?&? 1ony g’&ﬁfi&n{er (21)
ext endi ng f r & Eh@cygied Qn afigege fEDavdohin medsnns@tmmea alﬂbnge (2) of the

flow meter (‘I) and tha pupehne flange ).

3. Flow meter according fo cia:m 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



extending at least partially in an area having a predeterm ned_a]y)Eggm
a central portion of the passageway, and at |east three flow s

mounted on the support (21) in a non-linear array. .7. Flow neter
according to claim6, wherein the support (21) extending at | east
partially around the central portion of12 he passageway. 8. Flow neter

according to cl i!{H_G, V\iherei n.the support has a star-like design. 9. Flow .
met er accor di rf"tf?? Ing gt 'est partially inraresrearhavirigs predetarmyined dis@ihe de bansigrd 0

a central pogoriiomoivht 'assaggvga, i

partially annEﬁF Kﬂtg%rh%ﬁ@?ort%?ﬁgﬁgﬁs%%g "QW éﬁﬁéﬁug{'%ﬁ@nt lally
equal distancé P'E)t M ear rtion. 10. Flow neter according claim
9, wherein the annul ar section supports four sensors spaced at equal -
interval s aro : | Li.90- - _El aw net er ording to at | east
one of the cl'lﬂ?ﬁ&gﬁ}eg%ééw%gg gr:} Iﬁfagﬁcﬁ’l%\er?iﬂ eﬁ%&@%?’“&“?ﬁ’ﬂﬁﬁ%ﬁtoss .
sensor. 12. APsgidly@rewnd thementrehpodionl of therpassagewayr di ng to at | east one

of the' clains 1 to 11, conprising a plurality of thermal |oss sensors

di stributed alo assage t-hrqugh which flowis to be nonitored,

wher ei'n duri n?' E&%%teﬁﬁpﬁﬁ?%ﬁg§&%g%@e@%%5qwm staurlike dpsigni de an

out put representative of thermal |oss due to the flow adjacent that

sensor, and a At i fo flowrate,is, deriv fromthe
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cal i bration r &PBYELRRSHion Within e passagewayandidciudes anlat leastpartially atialar

singl e sensor ' ' 3 ' ' | i basi s
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@;} out put s dﬁé@ﬁch] all of the sensors at ¢ _
representatio t el ative values of the outputs of the sensors at’

cal i bration being recorded, and during use the accuracy of the calibration
bei ng tested WP, FloW wekrdtcorinag . i the,rel ative
val ues of the Eﬁé“' tant qsle{1sor gﬁ%@gw&? ﬁﬁ%a%%ﬁﬁﬁﬁPgﬁ%?%@Wm ues,
changes in t h&PRYESPaEed i rual Swe@nnd e pentrsl posiinn. test bei ag '
I ndi cative of |oss of -calibration accuracy.

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

12. A method for operating a flow meter according 1o at least one of the claims 1 to
11, comprising a plurality of thermal loss sensors distributed about the -
passageway through which flow s to be monitored, wherein dusing 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 cutput representative of thermal loss on the basis of a
predetermined calibration relationship between flow rate and thermal loss from
that single sensor, the calibration relatiﬁnship being established onthe 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 al 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.



