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Abstract Reynolds number relationship would predict the
- discharge coefficient to < 1%, and in the vast mitgjof
Cone DP meters are popular generic differentiabguree cases < 0.5%.

(DP) meters that are used in many industries. Theze

as yet no cone meter standards documents. Each cone| 1'(25:4 mm)< Nominal Inlet Diameteg 16" (406.4mm)
meter is individually calibrated to characterize theters 0.45=p=0.85
performance. CEESI has calibrated many cone meters 1.0< Pressure (Bag 140.0
over the last 15 years. This paper shows some mhasse 0.3< Velocity (m/s)< 30
data sets on cone meter performance and reviews the 4.98e-3< DP (Bar)< 2.50
likelihood of a cone meters performance being mtedi Table 1. Data Set Range from 141 generic cone meter
without a dedicated calibration. The paper theriewes
in detail the calibration data of a large 48", G6deta " Massed Cone Meter Calibration Data
ratio cone meter, and introduces a new DP Diagresti 088 1
DP meter diagnostic system that was included in the |3 +6.9%
CEESI calibration procedure of this 48” cone meter. %n. T o 0800 T8 3% 10 95% conidence
(%]
Introduction o L N .
2 o071 xow -8.3%
With no cone meter standards it is presently good QME_
practice to calibrate each cone meter across the oe
app”cations full Reyn0|ds number range to charate o 2000000 4000000 000000 S000000 10000000 12000000 14000000 16000000
the meters performance. Industry would like to bie 0 Reynolds Number
predict the cone meters performance without catiima Fig 1. All 141 Cone Meter Calibration Data Sets.
being necessary. With 15 years of cone meter edidir
experience, CEESI has massed and blinded cone meter ‘ Massed Cone Meter Data Sets < Nominal 2
calibration data sets, from four different cone enet 0% o itiid
manufacturers, to investigate the possibility afdicting £ i
a cone meters performance without calibration being E >sNominal 12
necessary. A rare 48" cone meter data set is then § o Nominal 15°
discussed in relation to the earlier findings. 488 cone 2 & oo °
meter was calibrated at CEESI with a new DP E e

Diagnostics diagnostic system installed. The resaitd
lessons learned are discussed.
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Fig 2. All Cone Meter Data Sets, Separated Diarseter

This CEESI blinded data set includes meters
manufactured by four companies. All cone meters 0ss Massed Cone Meter Data Set | < Nomina 0.45 Beta
considered were the classical design of the DP read o S 2e Bea
between the upstream port and the low pressuregbort
the back face of the cone. This data set is aivelgt
small part of the over-all data gathered by CEE®&rd 5
years. However, it is seen as representative saoifple
that overall data set. The range of the data usatis
research is given in Table 1. Test fluids werewaater or
natural gas.
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considered, without exception, could be individyalata - 5
fited such that the discharge coefficient J)(Cvs. Fig 3. All Cone Meter Data Sets, Separated BetaRat




Figure 1 shows all 141 cone meter calibration data as

one massed data set. It was found that a constant
dischargecoefficient (G) of 0.800 fitted all the data to
8.3% to 95% confidence. The reference meters were
sonic nozzles, with uncertainty ratings of 0.3%whHs
therefore found that it is not possible to use setevalue

of discharge coefficient for all cone meters and be
guaranteed a flow rate prediction uncertainty &b4.

A properly calibrated cone meter can predict thevfl
rate to < 1% An un-calibrated cone meter can only
predict the flow rate to 8.3%. Therefore, all caneters
should be individually calibrated across the fudlyRolds
number range of the application.

In an attempt to reduce the un-calibrated cone mfiets
rate prediction uncertainty meter size (i.e. imietmeter)
and beta ratio groups were isolated, as showndares

2 & 3 respectively. Figure 2 shows that no inletrdéeter

/ meter size relationship with discharge coeffitieras
found. Figure 3 shows that no clear and obvious bet
ratio relationship with discharge coefficient wamirfid.
Figure 3 hints that there may be some beta rafecef
with higher beta ratio meters tending to have allema
discharge coefficient. However, there is a lot cétter
between nominally similar cone meters and it woodd
difficult to make any quantitative statements oy anch
phenomenon. Therefore, at the present time, it does
look like there is any possibility of significantigducing
the un-calibrated cone meter's discharge coefficien
prediction uncertainty to < 8.3% by accounting &my
possible diameter or beta ratio effect.
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Fig 4. Cone Meter Data Across a Reynolds No. Range

At the present time, individual calibration of aneo
meter is the only way to assure the cone meteaHaw
flow rate prediction uncertainty Furthermore, it is
essential that the cone meter be calibrated adiuss
applications full Reynolds number range. Figurdndves
sample data from a 2", 0.75 beta ratio cone meter
calibrated in a manufacturers water flow faciligyg & low
Reynolds number range) and then calibrated withagas
CEESI across the applications significantly higaetual
Reynolds number range. It can be seen that therwate
calibration extrapolates to a false discharge agefft
therefore producing a flow rate prediction negabiees.

A cone meters flow rate prediction uncertainty estatnt

is only valid across the Reynolds number rangehef t
calibration Extrapolating cone meter calibration data can
and does lead to flow rate prediction gross biases.

48", 0.616 Beta Ratio Cone Meter

CEESI calibrated a 48", sch ST, 0.616 beta ratineco
meter in the CEESI air blow down facility. The nefece
meter was a sonic nozzle with 0.3% uncertaintyufég

5 & 5a show the installed cone meter. Figure 5 shaw
pressure transmitter and four DP transmitters. The
pressure transmitter read the inlet pressure. The
traditional DP was read with a pair (i.e. a stagk}wo

DP transmitters. The other two DP transmitters were
used to calibrate the DP meter diagnostic system
‘Prognosis’. Figure 5a shows that a pressure tap

approximately 6D downstream of the cone meter was
available.

downstream
pressure tap

v

Fi 5a. Pressure Tap 6D Dowﬁ?tream of Cone Meter.

This 48" cone meters calibration result will now be
compared against the massed data set for smaller co
meters. It will also be used to show the DP Diatjnsg
Swinton Technology DP meter diagnostics system
‘Prognosis’ in operation. In order to do this it fisst
necessary to describe the diagnostic system.

The generic DP meter diagnostic system was first
described by Steven in 2008 [1] & 2009 [2]. This
diagnostic system was described in some detaitHer
particular case of cone meters by Steven in 20D9 [3



Cone Meter Diagnostic System
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Fig 7. Simplified pressure fluctuation.

Figures 6 & 7 show sketch of a cone meter with
instrumentation, and a (simplified) pressure flation
through the meter body. Traditional cone meterd tha
inlet pressure (P from a pressure port (1) directly
upstream of the cone, and the differential preséniR)
between the inlet pressure port and a pressure port
positioned at the back face of the cone (t). The
temperature (T) is also usually measured downstrafam
the meter. Note that the cone meter in Figure &l (an
Figure 5a) has a third pressure tap (d) further
downstream of the cone. This allows the measurewfent
two extra DP’s. That is, the differential pressbetween
the downstream (d) and the low (t) pressure taps (o
“recovered” DP, AP,) and the differential pressure
between the inlet (1) and the downstream (d) pressu
taps (i.e. the permanent pressure ldd%p, sometimes
called the “PPL” or “total head loss”) could bedea

Adding the recovered DP to the PPL must give the
traditional differential pressure (equation 1).

APt =APr +APPPL - (1)
Each of these three DP’s can be used to indepdgdent

predict the flow rate. Equations 2 to 4 show thee¢h
flow rate calculations for these three DPs. Notat th

m. ,m: & me are the mass flow rate predictions of the
actual flow when using the traditional, recoveret a
PPL DP’s respectively. The terms E, A & @e constant
geometry terms anglis the fluid density£ is the

Traditional Equation: M = EAEC,\/2A0P --(2)
uncertainty + x%
m: = EAK,+/200P, - (3)

mpp‘ = AKpp /200P - (4)

Expansion Equation:
uncertainty + y%

PPL Equation:
uncertainty +z%

expansion factor that accounts for any gas density
variation through the meter. (For liquids =1.) The
terms c,, K, & K, represent the flow coefficients

required by each meter calculation. They are the
discharge, expansion and PPL coefficients respaygtiv
These flow coefficients can either be set to a wons
value or, for more precision, they can be relatedhe
flows Reynolds number. All three flow coefficientan

be found by the same cone meter calibration.

It has now been shown that every cone meter iffétte
three flow meters in serieés there are three flow rate
predictions for the same flow through the same mete
there is the potential to compare these flow rate
predictions and hence have a diagnostic system.

Naturally, all three flow rate predictions have ividual
uncertainty ratings (say x%, y% & z% as shown in
equations 2 through 4). Hence, even if a cone mister
operating correctly, no two flow predictions wouldhtch
precisely. However, a correctly operating cone meter will
produce flow predictions that are very close toheac
other. An operator can therefore choose an acdeptab
maximum difference between any two of these flote ra
predictions.

Let us denote theactual difference between the
traditional & PPL meter flow predictions ag/%". Let
us denote the maximurallowable difference between
the traditional & PPL meters flow predictions ag% ",
which is usually taken as the rms of the two métew
rate uncertainties. If the actual difference isldgn the
allowable difference (i.4y%/¢@%|<1) no meter
malfunction is found. If the actual difference ism than
the allowable difference (i.y%/@%| >1) a meter

malfunction has been found.

Let us denote theactual difference between the
traditional & expansion meter flow predictions a%%".

Let us denote the maximunallowable difference
between the traditional & expansion meters flow
predictions as £% ", which is usually taken as the rms
of the two meter flow rate uncertainties. If thetuat
difference is less than the allowable differencee. (i

|/1%/f%| <1) no meter malfunction is found. If the



actual difference is more than the allowable dédfee
(i.e.|/] %/E%| > 1) a meter malfunction has been found.

Let us denote thactual difference between the PPL &

expansion meter flow predictions asyd,”. Let us

denote the maximunallowable difference between the
traditional & expansion meters flow predictions as
“U%", which is usually taken as the rms of the two
meter flow rate uncertainties. If the actual diffiece is

less than the allowable difference (j%/v%]| < 1) no

meter malfunction is found. If the actual differens
more than the allowable difference (%/v%]| >1) a

meter malfunction has been found.

It is possible to take a different diagnostic aggto The
Pressurd_ossRatio (or “PLR") is the ratio of the PPL to
the traditional DPs. ThéressureRecovery Ratio (or
“PRR") is the ratio of the recovered to traditioraPs.
The Recovery toPermanent Pressure Loss [Btio (or
“RPR”) is the ratio of the recovered to PPL DPsr ko
correctly operating cone meter all three DP ratios a
set constant value (with an associated uncertaiotyjan
be expressed as a function of Reynolds numbeofoer
uncertainty. These DP ratio values can be foundhey
same calibration as finds the flow coefficientscdissed
above. Note the three DP ratios are inter-relafeek
writing equation 1 gives equation 5. The relatiopsbf
RPR to PLR & PRR is shown as equation 6. Hence, if
one DP ratio is known then all three are known.

AP, AP,
—L+—PL =pLR+PRR=1-(5)
AR AR
RPR = T0R ()
PLR

All three DP ratios produced by a correctly caltbch
and correctly operating cone meter system are known
An operator can assign allowable uncertaintieshase
three DP ratio predictions:

PPL to Traditional DP ratio (PLR):
(AP, /AR),, . uncertainty a%
Recovered to Traditional DP ratio (PRR):
(AF:'r /AR, )CaI ,  uncertainty + b%
Recovered to PPL DP ratio (RPR):

(APr /A PeeL )

i 0,
. » uncertainty £ c%

Here is another method of using the three DP’shieck

a cone meters health. Actual DP ratios found iwviser
can be compared to the known correct operational DP
ratio values.

Let us denote thactual difference between the PLR as
found and the correct operation PLR valuec®. Let

us denote the maximum allowable difference between
these values aa%. If the actual difference is less than

the allowable difference (i.e}a%/a%| <1) no meter
malfunction is found. If the actual difference isma than
the allowable difference (i.da%/a%| >1) a meter
malfunction has been found.

Let us denote thactual difference between the PRR as
found and the correct operation PRR valug/86. Let us

denote the maximum allowable difference betweesehe
values asb%. If the actual difference is less than the
allowable difference (i.e.[y%/b%| <1) no meter
malfunction is found. If the actual difference ism than
the allowable difference (i.ky%/b%| >1) a meter

malfunction has been found.

Let us denote thactual difference between the RPR as
found and the correct operation RPR valugyés. Let us

denote the maximum allowable difference betweesedhe
values asc%. If the actual difference is less than the
allowable difference (i.e.|/7%/c%| <1) no meter
malfunction is found. If the actual difference isma than
the allowable difference (ij%/c%| >1) a meter
malfunction has been found.

Equation 1 holds true for all cone meters. TheaHd®s

can be checked against equation 1. Any result that
suggests that it does not hold true is a statetmgrhe
diagnostic system that there is an erroneous D&inga
coming from the instrumentatiorThe traditional DP
(aR) can be inferred by summing the read recovery DP

(AP, ) and permanent pressure log®(, ). This inferred
traditional DP (Apm) can be compared to the directly

read traditional DP {p _ ). Due to the uncertainties of
the three DP transmitters, even for correctly r&dk,
the directly read & inferred traditional DPs can be
slightly different. The percentage differencé%o) can
be calculated as seen in equation 7.

5%={( AR, ~AP,.,)/ AP, }*100% -- (7)

,inf
Assigning a maximum allowable percentage difference
(6%) between the directly read and inferred traditiona

DP values produces a DP reading integrity checkhef
actual difference is less than the allowable défere (i.e.

|5%/9%|51) no DP reading error is found. If the
actual difference is more than the allowable défere
(i.e.|5%/6%| >1) a DP reading error has been found.



Table 2 shows the seven situations where these
diagnostics will produce a meter malfunction wagnin

DP Pair No Alarm ALARM
OR & MR | %/ g% <1 | W%/ ¢%|>1
AR & AR, [A1%/&%| <1 | |1%/E%|>1
ARy & AR, X%/u%[ <1 | |x%/v%|>1
AR & ARp | |a%/a%|<1 | |a%/a%|>1
AR & AR, y%/b%| <1 | |y%/b%|>1
BRe & OF | In%/c%| <1 | |n%/c%|>1
DR & AR 1 |0%/6%| <1 | [0%/6%)| >1

Table 2. Possible diagnostic results.

A% % % 1%
&% % v% %
(-1,1) ¢ t(1,1)
& DPt & DPppl
f W DPt& DPr
* A DPr & DPppl
O DPt & DPt,inf
(-1,-1)» * (11'1)
% 0 v% a%
0% % a%

Fig 8. A diagnostic result plotted on a diagnobb.

For practical use by typical operator personnelq\vdio
not need know the details of the diagnostic methad)
plot of these diagnostic results on a graph is Enand
effective. Such a plot can be continually updatedeal
time on a control room screen or the data can eedhi
for later analysis.

Figure 8 shows such a plot. A normalized diagndstix
(or ‘NDB’) can be superimposed on a graph with eorn
co-ordinates: 1,1), (1,-1), (-1,-1) & (-1,1). On
such a graph four meter diagnostic points can bgeal.

These are @Y%)/ ¢%, a%/a%) for the traditional &
PPL DP pair, A%/ &%, y%/b%) for the traditional
& recovered DP pair, ¥%/U%,1n%/C%) for the

PPL & recovered DP pair and)4/6%, Q%) for the

DP integrity check. If all points are within or timee NDB
then no metering problem is found and the tradiion
meters flow rate prediction can be trusted. If onenore
of the four points falls outside the NDB then theter is
not operating correctly and the meters traditionalgjoy)
flow rate prediction cannot be trusted. The furtfrem

the NDB the points are, the more potential for igant
meter error there is.

48", Sch ST, 0.616 Beta Ratio Cone
Meter C4 Calibration Results

The calibration result for the 48", 0.616 betacatbne
meter is shown in Figure 9. A constant discharge
coefficient of 0.7793 fits the data to 0.5% undetia
Also shown in Figure 9 are the above fitted disgkar
coefficient of 0.800 with the 8.3% uncertainty ath
manufacturers sizing program estimation for thatemse
discharge coefficient of 0.840.

0.50 § 48", 0.616 Beta Ratio Cone Meter

=
B

Cd =0.84, manufacturers sizing programme estimate (+7.8% bias)

Cd = 0.8, CEESI massed data fit (+2.7% bias)
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Fig 9. 48", 0.616 Beta Ratio Cone Meter Calibration

It is shown that not calibrating the cone meted asing
the discharge coefficient of 0.800 instead, wouladpce

a positive bias in the flow rate prediction of 2.7kois
shown that not calibrating the cone meter, andguie
discharge coefficient predicted by the manufacturer
sizing program would produce a positive bias inftoe/
rate prediction of 7.8%. Both these results aremifrse
within the 8.3% uncertainty of the discharge camidint
0.800 data fit. However, these examples highlidte t
difficulty in predicting a cone meters performance
without calibrating the meter.

It is possible to fit the discharge coefficientReynolds
number to a lower uncertainty. Figure 10 showseadri
fit giving the discharge coefficient as 0.4% unagnty.
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Fig 10. 48", 0.616 Beta Ratio Cone Meter Linear Fit

48", Sch ST, 0.616 Beta Ratio Cone
Meter Diagnostic Calibration Results
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The full DP meter diagnostic calibration resultse ar
shown in Figures 11 (for the flow coefficients) and
Figures 12 (for the DP ratio values). It is shawat all

48", 0.616 Beta Ratio Cone Meter M
4 Kppl
Kppl

140 7
1.20 & B =

100 Kr=1.232 +-0.5%
0.80 1 - ¢ .

060 Cd=07793, +-05%

0.40 i i r r
0.20 A Kppl=0.408, +-0.9%

0.00
£00000

Flow Coefficient

1000000 1500000

Reynalds Number

Fig 11. Prognosis Flow Coefficient Calibration Riésu
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Fig 12. Prognosis DP Ratio Value Calibration Result

six diagnostic parameters can be stated as consthrgs

to stated uncertainties. Hence, as of this CEESI
calibration the meter is fully diagnostic ready.t®lohat
as it is necessary to calibrate each individuakcoweter

to find the discharge coefficient it is little moedfort,
time or expense to calibrate the cone meter to nilake
diagnostic ready. Figure 13 shows a sample diagnost
result using one of the calibration results. Irelftdhis
result is trivial as the data used is the same ds¢d to
calibrate the meters diagnostic system. The intiegs
non-trivial results are from the diagnostic resmoifighe
cone meter is given a problem.

Diagnostic Baseline
Cone Meter Fully Serviceable

Re=1,271,000
e -1, 1 1.1
=
14
o + DPt & DPppl
g B DPt & DPY
8- e 4 DPppl & DPr
= @ DPt & DPY, inf
E
[=]
= 1, -1 1,-1

24

Normalized Flow Comparison
Fig 13. Prognosis Result From CEESI CalibrationaDat

Diagnostic System Worked Examples

As with all flow meters there are various problessone
meter can face in service. Although no deliberattem
malfunctions were tested at CEESI we can still siiosv
diagnostic system in operation by giving the diaiito
system virtual problems on the calibration datactSu
virtual problems include incorrect inlet or coneudieter
keypad entry to the flow computer, incorrect diggea
coefficient keypad entry to the flow computer or DP
reading errors. The following examples use the
calibration data point shown in Figure 13. Notettha
Figure 13 is the correct diagnostic result whenrtteter

is fully serviceable.

Incorrect Entry of Inlet Diameter

The 48" cone 0.61% meter has an inlet diameter of
47.257" [ 1.2003m. By way of example, when randomly
selecting a baseline / calibration result (i.e. Re
1,270,682), input the inlet diameter as not 47.251"as
47.527” (i.e. mimicking a typing error by swappitwo
numbers). This too large a cone meter inlet diamete
induces a traditional flow rate equation predictimor

of approximately +3.3% However, the diagnostics are
sensitive to the issue. Figure 14a shows the reNolie
that the correct diameter gave the diagnostic retawn

in Figure 13.

Diameter 47.527" instead of 47.257"

o
E -1, 1 1,1

% + DPt & DPppl
- N m DPt & DPr
N+ Ta | 4 DPppl & DPr
E = DPt & DP,inf
S

Z 11 1,-1

Normalized Flow Comparison
Fig 14a. Inlet Diameter Entered Too Large

By way of example, change this inlet diameter inpoit
as it is not the correct 47.527” but as an incarégt’.

That is, the decimal place digits have been ignared
forgotten. This too small a cone meter inlet diamnet

! The cone meter is relatively sensitive to inletrdéeter
errors compared to traditional DP meter design$ sisc
orifice and cone meters (which are notably rather
insensitive to this issue). This is due to the fHwt
unlike traditional DP meters where the inlet antb#
diameters are stated, and the inlet and throats caiea
then independently calculated, with a cone meteiritet
and cone diameter or beta ratio are stated. Hemike
Venturi & orifice meters, the calculation of the neo
meter throat area is dependent on the inlet diaméhes
causes a cone meter inlet diameter error to atfest
throat area calculation making the cone meter iveligt
sensitive to inlet diameter keypad errors.



would induce a traditional flow rate equation potidin
error of approximately -3.1%. However, the diagiusst
are sensitive to the issue. Figure 14b shows thdtre

Diameter 47" instead of 47.257"
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Normalized Flow Comparison
Fig 14b. Inlet Diameter Entered Too Small

In both Figures 14a & 14b note that the DP reading
diagnostic (i.e. DPt & DPt,inf) denoted by the pell
circle show correctly that there is no DP readingre
This indicates the malfunction is due to a problith

the meter body (which in this case is the inletrdiger is
not the size the flow computer calculation ‘thinkss).

Incorrect Entry of Cone Diameter

The 48" cone 0.61®meter has a cone diameter of 37.22”
/ 0.9454m. By way of example, when randomly setegti

a baseline / calibration result (i.e. Re = 1,27R)G68put

the cone diameter as not 37.22" but as 38.22". Tdus
large a cone diameter induces a traditional flowe ra
equation prediction error of approximately -10.3%.
However, the diagnostics are sensitive to the issue
Figure 15a shows the result. Note that the corceae
diameter gave the diagnostic result shown in Fige

Cone Diameter 38.22" instead of 37.22"
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Fig 15a. Cone Diameter Entered Too Large
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Fig 15b. Cone Diameter Entered Too Small
Now by way of example, change this cone diamefautin
SO as it is not the correct 37.22” but as an ireirr
36.22". This too small a cone diameter would indace
traditional flow rate equation prediction error of
approximately +10.2%. However, the diagnostics are
sensitive to the issue. Figure 15b shows the result

As with the case for the incorrect cone meter inlet
diameter, in both Figures 15a & 15b note that the D
reading diagnostic (i.e. DPt & DPt,inf) denoted tine
yellow circle show correctly that there is no DRdig
error. This indicates the malfunction is due torabem
with the meter body (which in this case is the cizneot
the size the flow computer calculation ‘thinksisj.

Incorrect Entry of Discharge Coefficient

The 48" cone 0.61®B meter was correctly calibrated by
CEESI to have a discharge coefficient of 0.7793594

If this value is incorrectly entered into the flaomputer

a bias in the traditional flow rate prediction wiltsult.
By way of example, when randomly selecting a
calibration result (i.e. Re = 1,270,682) input the
discharge coefficient not as 0.7793 but as 0.79T8s
too large a discharge coefficient induces a traddl
flow rate equation prediction error of approximgtel
+2.1%. However, the diagnostics are sensitive ® th
issue. Figure 16a shows the result. Note that tneect
cone diameter gave the diagnostic result showrigarg
13.

Cd = 0.7973 instead of Cd = 0.7793
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Fig 16a. Discharge Coefficient Too Large.



Cd = 0.7593 instead of Cd = 0.7793
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Fig 16b. Discharge Coefficient Too Small.

Now by way of example, change this discharge
coefficient input so as it is not the correct 0.3t as

an incorrect 0.7593. This too small a discharge
coefficient would induce a traditional flow rateuedgjon
prediction error of approximately -2.7%. Howeverge t
diagnostics are sensitive to the issue. Figure st&iws
the result.

As with the incorrect geometry examples the DP irepd
diagnostic correctly shows the DP’s are being read
correctly. Note that the diagnostic pattern for theee
other DP pairs created by an incorrect discharge
coefficient is different to that of a wrong geonyetr
problem. In such ways the diagnostic pattern castai
significant information on the nature of the malftian.
However, length constraints means that such a skson

is out with the scope of this paper.

The diagnostic system can also correctly identify a
diagnostic system problem if any of the other dagit
parameters are keypad entered incorrectly. Thathes,
diagnostic system can self diagnose its own health.
However, again, due to length constraints thiswudision

is out with the scope of this paper.

DP Reading Errors

Cone meters, like all flow meters, are wholly degbeant

on their instrumentation being serviceable. Therefa
common problem is the traditional DP being read
incorrectly due to a DP transmitter problem. Insthi
example let us consider the scenario where the DP
transmitter reading the traditional DP is over-rehgor
‘saturated’). That is, the actual DP exceeds theimam

DP the transmitter can measure. In this scenarist M
transmitter models on the market read the maximutn D
of the range and therefore the DP reading has ativeg
bias. Hence, if the DP transmitter reading theiticuhl

DP saturates then the traditional flow rate préalictvill
have a negative bias. Saturation is not the onbplem

DP transmitters can face. They can drift over tondoe
incorrectly calibrated. That is, they can produce a
positive or negative bias if they are not correctly
calibrated or if they drift from that correct catition.
The diagnostic system can see all DP transmitseing
problems.

Take by way of an example, the baseline / calibrati
data point Re = 1,667,100. The traditional DP wés o
course correctly read by CEESI at 2578Pa / 10.37"WC
However, if the DP transmitter had read the DP as
10"WC, i.e. 2486Pa, due to saturation, negativé dri

an incorrect calibration, the flow rate predictiamould
have had a bias of approximately -1.8%. Figure 17a
shows the diagnostic result.

Now by way of example, assume that the DP tranemitt
had read the DP as 10.6"WC, i.e. 26356Pa, dueipssit
drift or an incorrect calibration. The flow ratesgiction
Traditional DP Transmitter Saturated
DP =10"WC instead of actual 10.37"WC
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Fig 17a.Traditional DP read low

Traditional DP Transmitter Drift
DP =10.6"WC instead of actual 10.37"WC
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Fig 17b. Traditional DP read high

would have had a bias of approximately +1.1%. fégu
17b shows the diagnostic result.

Both Figures 17a & 17b show that the DP reading
diagnostic checks indicate a DP reading error. &foee,
the operator would know the metering system has
malfunctioned and that the source of the problers thea
integrity of the DP readings. Once this is estlisthe
remaining three diagnostic points indicate which DP
transmitter has malfunctioned. In both cases the
recovered and PPL DP diagnostic pair indicate tttete
is no problem. In both cases both the traditionaPRL
diagnostic pair and the traditional & recovered DP
diagnostic pair indicate a problem. The combinatidn
the traditional DP being the communal DP between th
two diagnostic points indicating the problem, ahnel tact
that the diagnostic point showing no problem is ahéy



diagnostic pair to not utilize the traditional Ditlicates
that the DP reading problem must be with the treiwii
DP. With the erroneous DP reading identified, ane t
other two DP readings found as trustworthy, equafio
can then indicate the correct DP of the erroneeading.
The meter remains in service with the correct fiate
being predicted by the other two DPs (see equatibns
through 4) and / or by the inferred DP from usihg two
trusted DP readings and equation 1.

In this example the traditional DP reading was used.
The diagnostic system monitors all three DPs aljhou
length constraints deem that such examples arefdhe
scope of this paper.

Conclusions

A massed CEESI data set with the calibration resoit
141 generic cone meters from four manufacturers has
shown that cone meters can be individually caldmdat
across the applications Reynolds number rangeeaigir

the discharge coefficient to < 1%, and in the vast
majority of cases < 0.5%. However, a fitted contstan
discharge coefficient to that massed data set wonly
predict the discharge coefficient of any one comtemto
8.3% uncertainty. Therefore, cone meters should be
individually calibrated if the cone meter operatdshes

a low uncertainty flow rate prediction.

CEESI can gas flow calibrate extremely large flow
meters, such as this 48", sch ST, 0.616 beta ratiee
meter. This calibration showed that this large msete
performance was within the performance range of the
smaller meters considered in the massed data set.

This CEESI 48", sch ST, 0.616 beta ratio cone meter
calibration also showed the capability of the DP
Diagnostics cone meter diagnostic system. It wasvah
that the diagnostic system was capable of monaitire
cone meter performance for various potential proisle
and gives the operator assurance that the mefetlys
serviceable.
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