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1. Introduction

Wet natural gas flow metering is important to natugyas producers. Whereas there are
multiphase wet gas meter designs available, d@eadoomic constraints the majority of wet
natural gas flows are still metered by single phgae flow meter technologies. However,
there is limited independent, neutral, third pastiblished information regarding the direct
comparison of different gas meter design perforreanavet gas flow service.

Gas meter manufacturers have to varying extenearelsed their respective meter’'s wet gas
performance, sometimes made limited modificati@mgl their sales teams promote the pros
and play down the cons to their best advantage.tDlimited knowledge in this specialised
and complex subject, and the lack of publishedditee directly comparing different meter
types, many operators can find themselves largdlgnt on the advice of these salesmen.
However, these salesmen naturally have a professeuty and vested financial interest to
promote their technology over competing technolegiegardless of the true performance
comparisons. Furthermore, human nature can alssectne “Marlow’s hammér effect,
where salesmen come to genuinely believe theirymtod best for that particular application
regardless of what independent data may show. @psnaould therefore benefit from more
39 party comparisons of different gas meter techriebn wet gas service.

Two popular gas flow meter designs are the ultrasareter (USM) and the Differential
Pressure (DP) meter. The DP meter is one of thd miokely used flow meter designs for
both gas and wet gas flow applications. The USMeslod the gas market is growing, and
some USM manufacturers are now marketing the USM esplacement for DP meters in
wet gas flow applications. However, there is lidifgublic literature that directly compares
DP & USM meter wet gas flow performance. In thipgathe wet gas flow performance of
ultrasonic, orifice DP & Venturi DP meters are dissed, using '8 party published
information, and data taken from 8” meters beirgje@ in series at the CEESI Wet Gas Test
Facility. The performance review includes the resipe meters liquid induced gas flow rate
prediction biases and the respective liquid loadmpitoring systems.

2. Wet Gas Flow Terminology

A wet gas flow is defined by ISO [1, 2] & ASME [3F any two-phase (liquid and gas) flow
where the Lockhart-Martinelli parameter () is less or equal to 0.3, i.e,. <0.3. Note
that this definition covers any combination of gaseand liquid components.

The Lockhart-Martinelli parameter (equation 1) cates the relative amount of total liquid
with the gas flow. Note thaf & m are the gas and liquid mass flow rates respegtivel

(where m is the sum of the liquid component flow), apd& o are the average gas and
liquid densities respectively.

Xim = & - {1)

33
RS

1 . . . .
Marlow’s Hammer: “If the only tool you have is a hammer every job looks like a nail”.



The term ‘liquid loading’ is widely used as a qtative term to describe the amount of liquid
with a gas flow.

The gas to liquid density ratioDR = p,/p, ) is @ non-dimensional expression of pressure.
The gas densiometric Froude numbef ), shown as equations 2, is a non-dimensional

expression of the gas & liquid flow rates, whers the gravitational constant, D is the meter
inlet diameter and A is the meter inlet cross sectl area.
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Single liquid component wet gas flows have oneitlgiensity. Multiphase wet gas flows
have two liquid densities (water and liquid hydmbom, ‘LHC’). In this case the liquid
density used to calculate the gas to liquid densatio and the gas densiometric Froude
number is the average liquid density.

“Water cut” is the ratio of the water to total ligui.e. the sum of water and LHC) volume
flow rates when the fluid is atandard conditions. In this paper “water to liquid massaa
(or “WLRy,") is defined as the ratio of the water to totgjuid mass flow rates. The use of
mass flow removes the requirement to define the ftonditions. The WLR is shown as
equation 3, wherg,, is the water mass flow rate apgd is the LHC mass flow rate.

WLR =— T — (3
Rm rnN+mhc ()

The average density of a two component liquid migig the total combined liquid mass per
unit liquid volume. It is commonly assumed that tWiguid components will be
homogenously mixed. This homogenous liquid phagg,() is calculated by equation 4.
Note that p, & p, are the water and LHC densities respectively. ialtiphase wet gas
flows it is this liquid mixture density that is uk& calculate the wet gas flow parameters.
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Equation 5 shows the generic DP meter gas massetmation, wheree is the velocity of
approach (i.e. a geometric constant), is the minimum cross sectional areg, is the

discharge coefficients is the expansibility factor andp, is the differential pressure (DP).

Wet gas flow conditions tend to cause a DP metdiate a positive bias in the gas flow rate
prediction. This is often called an “over-readiragid denoted as “OR”. The DP created by a
wet gas fr)) is different to when that gas flows alongP(). The result is an erroneous, or

“apparent”, gas mass flow rate prediction apparent (S€€ Equation 6). The over-reading is
expressed either as a ratio (equation 7) or peagenf{equation 7a) comparison of the
apparent to actual gas mass flow rate.
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The liquid dispersion in a wet gas flow (i.e. thiew pattern’) depends on flow conditions.
Flow patterns significantly affect any gas metenst \yas response. The flow pattern is
dictated by liquid properties and the gas dynamesgure. Low gas dynamic pressure (i.e.
low gas density and / or low gas velocity) mearsslituids weight dominates and the liquid
runs on the base of a horizontal pipe (see Figureliggh gas dynamic pressure (i.e. high gas
density and / or high gas velocity) means the gasushic pressure dominates and the liquid
flows as an annular mist flow (see Figure 3). Matkergas dynamic pressure produces a
transitional flow pattern between stratified anchalar mist flow (see Figure 2). Many
horizontal wet natural gas production flows aréhia stratified / annular mist transition zone.

3. Flow Patterns

Fig 1. Gas/HCL stratified.  Fig 2. Gas/H{tansition. Fig 3.Gas/HCL annulr.

The flow pattern influences a gas ultrasonic mateit affects the local gas velocity and the
fluid phases across each individual path. The floattern influences a DP meter as it
influences the DP created through the DP meter .body

4. DP & Ultrasonic Meter Wet Gas Response

It is in the interest of both operators and gasemsatanufacturers that relatively low cost
simple gas meters can cope with wet gas flow agiptins. Therefore, there tends to be a
“can do!” attitude to the problem. However, ovendi this attitude can begin to give a false
perception that wet gas flow metering is an advéiesg condition that various gas meter
technologies can comfortably deal with. In realitgt gas flow is amxtremely adverse flow
condition thatll gas meters struggle with.

Wet gas flow causes all gas meter technologiesregu®blems. What constitutes a ‘good’
gas meter response to wet gas flow is wholly suivecCompared to dry gas flow meter
specifications all gas meter wet gas capabilitrespmor. This reality is seldom discussed in
the industry. There tends to be more focus on asytipe aspect of a gas meters performance
with wet gas flow while the negative aspects temdé down played. DP and ultrasonic
meters responses to wet gas flows should be compslidie context. The question is not really
which single phase gas meter has bbbg response to wet gas flow, but rather, which gas
meter design manages to deliver the most usefubatrad information when used in wet gas
flow applications.

4a. Differential Pressure (DP) Meter Wet Gas Respon

The response of DP meters to wet gas flow has bedwely researched for nearly sixty
years. The response of the orifice meter and Venteter to wet gas flow is now so well
understood that ISO has published wet gas corretaictors for these meters. The existence
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Fig 6. Gas Densiometric Froude Number Effect. Fig 7. The Beta Effect.

of an ISO correlation states that the wet gas respof that meter is so well understood, and
is known to be so reproducible, that there candididence it can be accurately predicted.
(The lack of a wet gas flow meter correlation fay aneter infers the opposite is true.) Itis
now known that:

* an increasing liquid loading / Lockhart Martingdlarameter produces an increasing
over-reading (see Figure 4, & Schuster & Murdockq}. Figure 4 (i.e. a Yu VS.
%OR plot) is now commonly called a ‘Murdock plot’

* the scale of the wet gas over-reading of variougege DP meter designs is related to
the gas to liquid density ratio (see Figure 5, &sBblm [6, 7 & 8]).

* the scale of the wet gas over-reading of variousege DP meter designs is related to
the gas densiometric Froude number (see Figure &geuw [9] & Hall et al [10]).

» the scale of the wet gas over-reading of variouege DP meter designs is related to
the DP meter beta value (see Figure 7, Stewalt#l al2] & Hall et al [10])

» the scale of the wet gas over-reading of variousege DP meter designs is related to
the liquid properties (see Figure 8, Steven e138] & Reader-Harris et al [14, 15])

* the scale of the wet gas over-reading of variouege DP meter designs is related to
the meter / flow orientation (see Britton et al][&/Graham et al [18])

Between 1997 & 2011 de Leeuw [9], and Hall & Steee¢ral [10, 16] linked the DP meters
over-reading to the flow pattern. For a given DR@néesign, pipe size, beta value & flow
orientation, varying the Lockhart Martinelli parai®e gas to liquid density, gas densiometric
Froude number and /or water to liquid mass ratiamsechanging the flow pattern, and hence
the DP meter’s over-reading.
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Fig 8. Influence of Liquid Properties on Venturi tdeWet Gas Flow Over-Reading.

The response of orifice and Venturi DP meters togas flow is now so well researched and
understood that ISO has technical reports withcai&dnd Venturi meter correlations. The DP
meter’'s wet gas flow response has been found veseaalong term multi-company R&D to
be not just repeatable, but highly reproducible.

Orifice Meters

ISO TR 11583 [1] and ISO TR 12748 [2] both give th@me orifice meter wet gas

correlation, for 2” to 4” meters, horizontally iaied, with gas and liquid hydrocarbon. ISO
TR 12748 [2] includes a modification to this ordieneter correlation that accounts for the
effect of the water to liquid mass ratio. Thesefiagi meter wet gas correlation were

developed and checked over several years by andsstry cooperation (including multiple

operators, meter manufacturers, Joint Industryeetsjand test facilities). Figures 9 thru 11
show photographs of various 2” to 4” orifice metest gas flow tests carried out by industry
in the last decade. These orifice meter correlatame valid for all paddle plate, single & dual
chamber orifice meter designs that are 1ISO 5167ptiant. These ISO wet gas orifice meter
correlations are not orifice meter (or DP transenjttmanufacturer type dependent. They
were produced by industry wide collaboration, bg.industry for industry, and are freely

available to all. Orifice meter technology has nmached the stage where any 2” to 4”
orifice meter, supplied “off the shelf” by any reépble supplier, has a known wet gas flow
performance that is accurately predicted by a yremlailable 1SO published wet gas

correlation.

Figure 13 reproduces a massed orifice meter wetlgi@sset (see Steven et al [16]) with and
without the ISO correction factor applied. For awm liquid flow rate the ISO correlation
corrected the data to within 2% uncertainty (to 9&8nfidence). All data used (from multiple
operators, test facilities and orifice meter mantifeers) was traceable.

Table 1 shows the wide wet gas flow condition ranfpe which the ISO orifice meter wet

gas correlation is applicable. The massed datafreetsMurdock, Chisholm and others were
not used as they were not traceable. However, datt wasalso noted to agree with the

traceable data and the ISO correlations.
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Fig 13. Massed 2" to 4” Orifice Meter Wet Gas D#féh & Without the ISO Correlaton.



Parameter Range
Pressure 6.7 to 78.9 bara
Gas to liquid density ratip  0.0066 < DR < 0.111
Fry range 0.22 <Frg<7.25
Xim 0<X.m <0.55
Inside full bore diametef 1.94° D < 4.026”
Beta 0.34k 3 <0.683
Gas / Liquid phase Gas / LHC/ Water

Table 1. ISO TR12748 Multiphase Wet Gas Flow Oeifideter Correlation Flow Range.

Industry has more understanding of orifice metet gas flow response than that stated in
these ISO documents. In 1993 Ting [19] showed dh#&tace liquid loadings an orifice meter
may very slightly under-read the gas flow rate. ldwer, this under-reading is so slight it is
within the uncertainty of most gas meter wet gaseambion factors (i.e. 2%) and is therefore
usually ignored.

In 2014 BP (Steven et al [20]) showed 4” wet gaficer meter data (recorded at CEESI)
where the liquid components included water, hyditoma liquid with heavier components
(that would form wax below approximately %} and MEG injection. Although the ISO
orifice meter wet gas correlation was extrapolatedifferent fluid properties it was shown to
operate within the stated uncertainty.

In 2014 CEESI (Steven et al [20]) showed massed STEBE 0.68%P orifice meter wet gas
flow data. In 2015 new data has been added frommieter. Figure 12 shows this meter
installation. Table 2 shows the data set range.

Parameter Range
Pressure 14 Pressure (bar & 77
Gas to liquid density ratig 0.011 <DR <0.083
Fr, range 0.5<Frg<34
Xim 0<Xlm < 0.275
Inside full bore diameter 0.2027 m ( 7.981 inch)
Beta 0.68%< B <0.752
Gas / Liquid phase Natural gas / Exxsol D80 / Water
WLRmM 0<WLR,< 1

Table 2. 8” Orifice Meter Wet Gas Test Data Set

As the ISO TR 12748 orifice meter wet gas flow etation is specifically for 2< @ < 4”

the correlation is being extrapolated when usedh st 8” orifice meter. The results of
applying the ISO correlation are shown in Figure EAtrapolating the 2011 orifice meter
wet gas correlation for use with the 8” orifice sretvet gas flow data produces results
slightly out with the correlations stated uncertyiof 2% at 95% confidence. The ‘corrected’
data show a slight positive bias. With no availableernative it is still beneficial to
extrapolate the correlation, although the uncetyalras increased. When applying the ISO
< 4” orifice meter wet gas correlation to an 8” méf meter the uncertainty was found to be
-2% to +3% to 95% confidence.

Industry knows a lot about an orifice meters reacto wet gas flow. The orifice meter does
not cause damming problems and the DP signal isdessteady (see Steven et al [16]). The
generic orifice meter wet gas flow response is jnet repeatable, but reproducible, and
therefore very predictable. Fer8” nominal meter size ISO offers a reliable oefimeter wet
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Fig 14. All CEESI 8” Orifice Meter Wet Gas Data.

gas correlation which for a known liquid flow raterrects the gas flow rate prediction to 3%
uncertainty. With the exception of the Venturi nmeitedustry has no equivalent detailed
knowledge of any other gas meter’s reaction togastflow.

Venturi Meters

ISO TR 11583 [1] gives a Venturi meter wet gas @atron, for> 2” horizontally installed
meters with gas and LHC or gas and water. This V@0Bturi meter wet gas correlation was
released after many years of Venturi meter wet fjas research. Although largely
uncoordinated, this research spanned more thaméwades and was conducted by multiple
operators, meter manufacturers, Joint Industrygetsj academics and test facilities. Figures
15 thru 18 show photographs of Venturi meter weatfiaw tests carried out at CEESI.

This ISO wet gas Venturi meter correlation is noénturi meter (or DP transmitter)
manufacturer type dependent and is valid fopdl’ ISO 5167 compliant Venturi meters. It
was produced by a UK government funded R&D proggcIUVNEL. Originally considered
controversial largely due to its release as an ¢8f@elation before it had been checked with
independent data by“3parties, subsequent industry checks are now \alglghe general
applicability of this correlation.

Figure 19 shows one such validation check, i.ea f@m nominal 2”7, 4”, 6” & 8” 0.6 beta
ISO compliant Venturi meters tested at the CEESltiphase wet gas data (i.e. the meters
shown in Figures 15 through 18) with and withouwt 5O TR 11583 correction factor
applied. The 8” & 4” meters are resident downstredncommercial equipment tests at the
CEESI 8" & 4” multiphase wet gas test facilitiespectively. The 2" & 6” meters were
tested as downstream additions to various comnigotia, and these data sets are therefore
more limited. The ISO TR 11583 correlation is tachhy applicable only to gas with liquid
hydrocarboror gas with water. However, it is a simple procedorenterpolate between the
two cases to apply the correlation to multiphasd gas flows, i.e. gas with liquid
hydrocarborand water flows. For a known liquid flow rate, withihe specified range of the
ISO correlation, all four Venturi meter gas floweagredictions predicted the gas flow to
< 3% at 95% confidence. This is very close to tieetation uncertainty claim by ISO of 3%
uncertainty for Xy < 0.15, and 2.5% uncertainty for 0.15 §w< 0.3. This independent
CEESI data showed that a 3% uncertainty fai X 0.15 was achieved, but the uncertainty at
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Fig 15. 8" Venturi Meter - Fig 16. ”Venturi Mter
Multiphase Wet Gas Flow Tests. Multiphase Wet Gas Flow Tests.

Fig 17. 4” Venturi Meter - Fig i8. 2” Venturi Meter
Two-Phase Wet Gas Flow Tests. Multiphase Wet Gas Flow Tests.

the 0.15 < Xu < 0.3 range was still 3%, not 2.5%. At the 0.15 54X 0.3 range the ISO
correlation appears to very slightly over correat the over-reading. However, an I1SO
Venturi meter correlation applicable over a widega of Venturi meter sizes, that corrects a
Venturi meter wet gas over-reading for a known itigilow rate to 3% uncertainty is very
useful to industry. Table 3 shows the range ofddwa sets shown in Figure 19.

Parameter CEESI Test Range ISO TR 11583 Stated Limits
Pressure 14.8 to 77 bara N/A
Gas to liquid DR 0.016 < DR < 0.085 DR > 0.02
Fr, range 0.25 < Frg < 7.13 Fr 3B
Xim 0< Xy <0.28 Xm < 0.3
Inlet Diameter 1.939% D <7.981" D> 2"
Beta 0.600 0.4p<0.75
Gas / Liquid phase Gas /HCL/ Water Gas / HCL or QAsiter

Table 3. CEESI 2" to 8” Venturi Meter Wet Gas TBstta Shown in Figure 19 & the ISO TR
11583 Venturi Meter Wet Gas Flow Correlation Floanges.

The 27, 0.6 beta Venturi meter data shown in Figl®e(and included in Table 3) was only
part of the total data set recorded from that mdter~igure 19 / Table 3 the minimum
density ratio (DR) included for all meters is 0.0Tée ISO TR 11583 correlation is for DR >
0.02. It was considered reasonable to extrapdiatearrelation to allow for this slightly
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Fig 19. CEESI 2” to 8” Venturi Meter Multiphase W&as Data
With & Without the ISO Correlaton.

lower value of DR. The same was true of the magndter limit. Although the correlation is
for diameters > 50mm, the 2” sch 80 meter diamistdr938” / 49.2mm. It was considered
reasonable to extrapolate the correlation to alfowthe very slightly lower meter size.
However, this meter's wet gas data set also includi#a recorded at even lower density
ratios, approximately 0.01. This is half the stadg@l minimum and hence it was considered
unreasonable to include this data in the massedsgatpresented in Figure 19. With a slight
diameter extrapolation and a liquid type interpolatalready being applied a significant
additional density ratio extrapolation would notebfare review.

Figure 20 shows all the 2” meter data. The datsplg between the ISO correlation valid
range of DR > 0.02, and the ISO correlation invadidge of DR < 0.02. The ISO correlation
predicted the gas flow rate of the DR > 0.02 dat8% uncertainty. The extrapolated ISO
correlation predicted the gas flow rate of the DR.82 data to 5.1% uncertainty at 95%
confidence. (The 34 test points at DR < 0.02 shoavedrrelation uncertainty of 5% at 94%

2", sch 80, 0.6 Beta Venturi Meter

207 m W . *
£ ma o 'S
1 %
“ .' * *
S 30 o i, . +
*
ﬁ ] * & + * 2" Data DR > 0.02 Uncorrected
% 20 1 i‘ + <7 Data DR > 0.02 ISO Corrected
o * B 2" Data DR < 0.02 Uncorrected
== 10 ‘ O 2 Data DR = 0.02 1S5S0 Corrected
+3% +2 5%
| S — — —¢.— — — s pr— — — — — —— — —
o — & M g~ — 5
———————— e o g e e —
308 T U T T
_-“:I T T T T Ll
0 0.05 0.1 0.15 0.2 0.25

Lockhart Martinelli Parameter
Fig 20. CEESI 2” Venturi Meter Multiphase Wet Gaat® Full Data Set,
Inclusive of DR < 0.02.
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confidence.) This result shows that modest dematip extrapolation of the correlation does
not cause gross errors in this correlation’s output

Venturi meter technology has reached the stageendrgy> 2” ISO compliant Venturi meter,
supplied “off the shelf” by any reputable suppliegs a known wet gas flow performance
that is accurately predicted by a freely availdBl® published wet gas correlation.

Industry has more understanding of Venturi metetr ges flow response than that stated in
these ISO documents. In 2014 Graham et al [18]nebete the work of Britton et al [17] on
the influence on wet gas flow over-reading of Ventueter flow orientation. A Venturi
meter wet gas correlation for vertical up flow witered by Graham et al. There are other
published vertical up flow Venturi meter correlaisy e.g. Xu et al [21]. There are also
various ongoing academic and commercial programtmesodel wet gas flow through a
Venturi meter, e.g. van Werven M. et[2R] & Lupeau A et al [23]. Wet gas flow through
Venturi meters has been, and still is, a highlgaeshed important topic.

Industry has learned a lot about Venturi meterstrea to wet gas flow. The Venturi meter

wet gas flow response is not just repeatable, éprtoducible, and therefore very predictable.
For> 2” nominal meter size ISO offers a reliable honiadly installed Venturi meter wet gas

correlation. With the exception of the orifice DReter, industry has no equivalent detailed
knowledge of any other gas meter’s reaction togastflow.

4b Ultrasonic Meters Meter Wet Gas Response

The response of ultrasonic meters to wet gas flas been sporadically researched by
competing USM manufacturers over the last twentgrgeOne issue with understanding
USM wet gas flow response is that unlike the oeif€ Venturi meter there is no ‘standard’

design. Different USM manufacturers have differdasigns, some clamp-on, some integral
meters, different number of paths, different lomasi of paths, different transducer designs
and different software. This means any USM wet tgas result is only applicable to that

particular meter design. This significantly hindé@mndustries development of general USM

wet gas flow performance understanding.
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In 1996 a Joint Industry Project (JIP) named ‘Ultna Wet Gas Development Project”
conducted R&D into the wet gas response of theé fieneration Daniel senior sonic USM.
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The results were summarized by Wilson [24]. Thd tegies included NEL laboratory
nitrogen / water tests and natural gas / condereate at UK gas terminals. The laboratory
tests had stratified flows and the gas terminak$lavere annular mist (or ‘mist’) flows. This
consortium chose to use percentage LVF as thedlitpading parameter. With the stated
laboratory and gas terminal fluids and stated famditions this converts to the stratified
flow laboratory tests having a maximum Lockhart Muealli parameter of approximately
0.04, and the mist flow terminal tests having a imaxn Lockhart Martinelli parameter of
approximately 0.14. That is, the tests coveredougtbbut half the modern wet gas flow range
of Xym <0.3.

The projects results are reproduced here in FigliréAs with DP meters the different flow
patterns through the 6” horizontally installed Biit Gas 4 path USM design produced
different wet gas over-readings. The consortiureditlinear lines (i.e. correlations) to the
two separate flow pattern data sets. There is swater in the data around the fits. There is
not enough overall data, and not a high enoughditpading to make any comprehensive
conclusions. There is a noticeable relatively lasgatter in over-reading at very low liquid
loadings. There is a distinct change in responsedsn stratified and mist flow. There is no
data for the transitional flow pattern betweentstesl and mist flow, and in industry that is
the most common horizontal flow pattern. In prastieven if the operator knows the gas is
wet the operator does not easily know what flowtgrat exists. A comprehensive wet gas
correlation should account for not knowing the flpattern. It is not ideal for the operator to
have to know the flow pattern before choosing aor@priate correlation. Nevertheless, this
initial research was interesting and useful, bubdaonately the USM manufacturers then
stopped wet gas flow R&D and focused on other jgteje

A 1998-2002 CEESI wet gas JIP investigated theoresp of various horizontally installed
gas meters to wet gas flow. Aarly three bounce path Instromet USM design was tdsed
shown in Figure 22). This USM design is signifidgrdifferent to the meter in the Ultraflow
tests. These results were released by the JIPvieiPoint form in 2007. During these tests
these natural gas with decane wet gas flow conmtditiwere varied considerably to produce
various flow patterns. Figure 23 shows the JIP @atzere the y-axis ‘GMFR Corr’ is the
over-reading ratio, OR). The meter tended to oeadrthe gas flow as the liquid loading
increased up until a Lockhart Martinelli parametémapproximately 0.07. The over-reading
had a lot of scatter. Beyond this liquid loading theter response was random.

At Xiu < 0.07 the radial position of
installation had a significant effect on the
over-reading. That is, how the USM paths
are orientated relative to the wet gas flow
pattern has a significant impact on how a
USM reacts to wet gas flow. This is
analogous with AGA 9’s recommendation
that a USM for dry gas service needs to be
calibrated with the flow conditioner fixed
at one radial position so that no flow
disturbance changes due to flow

A . conditioner rotation can produce a flow

In 2011 Cameron presented a wet gas flow datarset & horizontally installed Cameron
design 87, 8 path USM at a Brazil Wet Gas Flow Meament Workshop. Again, this data
set is for a significantly different USM design thiae two previous discussed wet gas data
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Fig 23. CEESI BPath USM Wet Gas Flow Data

sets. This data was released in PowerPoint formp. @d&meron chose to mainly show the
data in terms of LVF%. It was stated that the detd Lockhart Martinelli parameters up to
0.3. Two Cameron graphs are reproduced here aseFaflu The tests were conducted at 20
& 60 Bar. Due to limitations of the test facilitged the maximum gas velocity was relatively
low at 12 m/s. It is assumed by these authors tthatfluids were Nitrogen and a light
hydrocarbon (Exxsol D80).

20% -+~1m/s gas velocity //
-2 m/s gas velocity 0 ~-20 bar, 8 m/s gas veloci
o 15% - //a . 14? VZ-Gb 8 m/s gas vel ,tv /
at g s ey S 12/0 ~+=60 bar, 8 m/s gas velocity
% 10% —-12 m/s gas velocity / ‘- 810% //
2 T 8% -
ha ¥ 6%
5% e —
s " Y
O o i © 2%
0%-
5% . 2%
°0 1 2 4 5 °0 2 3 4 5
LVF % LVF %

Fig 24. Cameron 8”, 8 path USM Design Wet Gas HDhata.

Figure 24’s left hand graph shows 60 Bar data. &lea general over-reading but obvious
significant scatter due to gas velocity / flow raidere is no obvious gas velocity trend.
Further analysis is hampered by the limited maxingas flow rate of the data. Figure 24’s
right hand graph shows a possible pressure efie¢he over-reading. However, this is an
isolated data set. There are only two pressuresnarrepeat tests. There is not enough data
here to make any comprehensive statement on peesffects. Figure 24 indicates that this
8" USM meter, while having good dry gas performandees not have a particularly
predictable wet gas bias. This is a similar issuiaat seen in the Ultraflow data in Figure 21.
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In 2013 a &' party asked CEESI to wet gas flow test six meteseries. These were:

» an 8" schedule 40 (7.981") clamp-on bounce patfasidinic meter (see Fig 25),

* an 8" schedule 80 (7.625”) 3 bounce path ultrasorater (see Fig 26),

* an 8" schedule 80 chordal four path (Westinghouttedsonic meter (see Fig 30),
* an 8" schedule 80, 0.6 beta Venturi meter (se€lb)g

* a6”schedule 80, 0.6 beta Venturi meter (see B)jgdnd

* an 8" schedule 40, 0.689 beta orifice meter (sgelB).

The data analysis of the three DP meters was irdluil section 4a. Table 4 shows the wet
gas test range.

Parameter CEESl Test Range
Pressure 17to 70 bara
Gas to liquid DR 0.016 < DR < 0.075
Fr, range 0.5<Frg<3.2
Xim 0<Xm<0.16
Inlet Diameter 7.6255 D <7.981"
Gas / Liquid phase Gas /HCL/ Water

Table 4. CEESI 8” Multiple Flow Meter Wet Gas Fldwst Range.

The clamp-on ultrasonic meter (see Figure 25) haddgets of transducers each producing a
bounce path. One path was a vertical path (withsttacers installed at 12 o’clock) and the
other was a horizontal path (with transducers llestaat 3 o’clock). The vertical path was
guaranteed to encounter the liquid regardless efflttw pattern. The horizontal path was
likely to encounter some liquid for most wet gaswflconditions. The transducers supplied
were not rated for the lowest pressures of theatiedtonly data at a density ratio of 0.036 was
recorded. The local 20D spool where the clamp-otemeas installed (at mid-stream on the
spool) was schedule 40. There was an expansiatuttien 0.178” step between this spool
and the neighbouring schedule 80 pipes. The pdisgibf some liquid hold up in this
schedule 40 spool was discussed but considerekkelynlis the gas velocities ranged between
5& 15 m/s.

The dry gas response of the 8” clamp-on meter voasl git matched the facility reference
meters to 1%. However, this clamp-on meter wasrefvaffected by the presence of wet
gas flow. Figure 27 shows the results. The sigaificgas flow rate prediction errors
produced in the limited data set seem to be randdrare was no discernible relationship
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between the over-reading and the Lockhart Mariipalfameter or gas densiometric Froude
number.

a0 8" Clamp On Ultrasonic Meter
DR 0.036

60

b
=]

P
&
+*

n.oz 004 0.06 0.0s 01 01z 014 016
-20 A

% OverReading
=

40 4

-60

& ry
Lockhart Martinelli Parameter
Fig 27. Data from 8” Clamp-On Bounce Path Ultrasdvieter
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The 8”, three bounce path ultrasonic meter testebitivo double bounce paths (paths 1 & 3)
and one single bounce path (path 2). A sketch eddlpaths is given in Figure 28. The left
hand sketch shows the relative position of the ga#ithough the transducers are spaced
axially along the meter body. The right hand sidd-igure 28 attempts to show the axial
nature of paths 1 & 3. The meter shown in Figures2@stalled (as per design) such that the
single bounce path is positioned close to (butatothe vertical 12 to 6 o’clock plane.

The bounce path ultrasonic meter design is (likeultasonic & DP meters) inherently a
single phase meter. The bounce path concept hasaptbcons when compared against other
common single phase gas ultrasonic meters. Indkeline single phase performance checks
this meter had a good performance, matching thiétyaceference gas flow rate to < 1%.
However, when used in the highly adverse and sjisaibcase of wet gas flow each bounce
path’s coverage of the pipe area almost guarantesseach path will encounter the liquid
regardless of the flow pattern. Witwery path adversely affected by the presence of liquid
wet gas presents a challenge to this meter. Thea®dslts show that this is the case.

The bounce path ultrasonic meter was severely teflfeby the presence of wet gas flow.
Figure 29 shows the results. For eight of the gigit wet gas data points (approximately
9% of the data) this meter failed to produce aflyas rate predictiof The failures began to

appear at Xy > 0.05. Of the seventy eight test points where tle¢emgave a gas flow rate

prediction there was significant scatter. The digant gas flow rate prediction errors
produced seem to be random. There is a roughaesdtip between increasing liquid loading
and increasing ‘over-reading’ (and unfortunately tenefailure), but no discernible

relationship between the over-reading and the gdigjiid density ratio or gas densiometric
Froude number.

—— Path 1
---- Path 2

— Path 3
— Path 4

Fig 30. 8” Four Chordal Path rasnic Fig 31. Skefchof a Four Chordal Path
Meter at the CEESI Wet Gas Test Facility  Ultrasonic Meter (not to scale)

Figure 30 shows the 8” chordal four path (Westingigodesign) ultrasonic meter installed in
the CEESI wet gas test facility. Figure 31 is atchef the path orientation. Each path is at a
set height in the horizontally installed meter boHgnce, for wet gas flows, the lower the
path (i.e. the higher the path #) the more likelyill encounter higher liquid concentrations.

As expected the 8” chordal four path ultrasonicanetas found to have a good dry gas
baseline performance, matching the facility refeeegas flow rate to < 1%. This meter was
adversely affected by the presence of wet gas fiogure 32 shows the meter performance.

2 For the 9% of wet gas flow conditions where theife path ultrasonic meter did not produce a useabl
output the meter did not ‘fail’ as such, but progldidhiuge over-readings in the order of > 6e6%. ®hisously
erroneous result is effectively a ‘no result’.
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There is a general relationship between incredsyugl loading and increasing gas flow rate
error (or ‘over-reading’), however there is consalde scatter in the percentage Over-
Reading vs. Lockhart Martinelli Parameter relatlops Figures 32 & 33 do not show any
clear evidence of gas to liquid density ratio o8 dansiometric Froude number effects.

Figure 34 shows the performance of the three @iffe8” ultrasonic meter designs when they
were tested together at CEESI. The 8” chordal pauh ultrasonic meter data has less scatter
than the other ultrasonic meter designs data aatsd tends to have lower over-readings.
This may be due to the upper paths of the chorelsigd tending to encounter less liquid than
the lower paths, or the paths in the other ultrecsoreter designs, and therefore this meter
design has the benefit of some partially rapenal paths. (For all but the most extreme
pressures and flow rates gravity dictates that ewgh annular mist flow in horizontal
installations there is a liquid density gradierg, more liquid concentrated at the base of the
pipe / meter body.) The results shown in Figure&323 are similar to the results released
independently by Cameron for their chordal metee (8ig 24).

8" Chordal 4 Path USM

237 Wet Gas Flow Performance
&
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wn
g < Previously Published Data
= m New Data

_5 1 1 1 1 1 1

] 0.05 0.1 0.15 0.2 0.25 0.3

Lockhart Martinelli Parameter
Fig 35. Massed Wet Gas Data from 8”, Chordal FathRJItrasonic Meter.

The smaller scatter and lower wet gas over-readfrtge chordal 4 path ultrasonic meter is
relative to the performance of the other ultrasaniters. To review the performance in a
wider context it is necessary to compare the resutither wet gas results from the same
meter (to check for repeatability) and to compédre tesponse to the DP meter. Figure 35
compares the 8” chordal path meter’s performandblase ultrasonic meter comparison tests
to its previous performance when it was residentthe CEESI wet gas flow facility
downstream of various3party equipment tests. The new data is withinwe¢ gas flow
condition range of the previous massed data setewer, clearly there is some scatter in the
chordal path ultrasonic meter wet gas response.

There is a 4” chordal 4 path ultrasonic meter mstidn the CEESI 4” multiphase wet gas
flow test facility. This meter is the same designtle 8” chordal 4 path ultrasonic meter
being discussed here. These 4” & 8" meter have lested over similar wet gas flow
conditions. Figure 36 compares all the 8" chordgbath ultrasonic meter data shown in
Figure 35 to a wet gas data set from the 4” meteah® same design. Clearly, at higher
Lockhart Martinelli parameters (i.e. higher liguahding) there is a significant difference in
over-reading between the 4” & 8” meters. This iafér may not be possible to create a
correction factor for one size of ultrasonic meted expect it to work on another size.
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Fig 36. Massed Wet Gas Data from 8”, Chordal FathRJItrasonic Meter.
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Fig 37. 4” Chordal 4 Path Data Set, Separated iBeRatio.
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With the exception of the higher over-reading afhler Lockhart Martinelli parameters, the
wet gas performance of the 4” chordal 4 path ubings meter was similar to the 8” meter.
The 4” chordal 4 path ultrasonic meter showed aeg®rrelationship between increasing
liquid loading and increasing over-reading. Thishewn in Figure 37. However, again, there
was considerable scatter in the percentage OveliRpas. Lockhart Martinelli Parameter
relationship. Figures 37 & 38 suggest this scatteamot be accounted for due to any gas to
liquid density ratio or gas densiometric Froude bamneffects.

No standards board (or ultrasonic meter manufaQthees yet published any comprehensive
ultrasonic meter wet gas correlation. The DP mistéine only gas meter design type known
to have a reproducible wet gas response and tlerafoorresponding ISO correlation.

5. DP Meter & Ultrasonic Meter Wet Gas Response gameons

There is commercial pressure to compare Ultras@ridd® meter wet gas flow performance.

A sample comparison of the 8” chordal four pathragsibnic & Venturi meters that where
installed in series in the CEESI multiphase wetfgasity (see Figures 30 & 15 respectively)
is shown in Figure 39. Both meters have signifioaet gas over-readings. The ultrasonic
meter over-reading tends to be smaller than thahefVenturi meter but this is a relative
term. Both have substantial gas flow rate errarsnbst applications such an error will need
to be corrected, and hence it is not the comparddhe uncorrected over-reading that is of
importance, but the availability and performanceesipective wet gas correlations. The ‘off
the shelf ISO compliant Venturi meter has the I$® 11583 Venturi meter correlation
available. For a known liquid flow rate the resafitapplying the Venturi meter correlation is
included in Figure 39. The gas flow rate predicteuror after applying the ISO correlation is
within the ISO stated correlation uncertainty. Ehare no standards board or manufacturer
produced published USM wet gas correlations. Tloeeefinlike the Venturi meter there is no
ultrasonic meter wet gas correlation with which carrect this ultrasonic meter’'s over-
reading.

A sample comparison of the 8” chordal four pathrasibnic & orifice meters that where
installed in series in the CEESI multiphase wetfgasity (see Figures 30 & 12 respectively)
is shown in Figure 40. Both meters have signifioaet gas over-readings. The ultrasonic
meter over-reading tends to be slightly smallenttiaat of the orifice meter but both have
substantial gas flow rate errors. Again, in mospliaptions such an error will need to be
corrected, and hence it is not the comparison ef uhcorrected over-reading that is of
importance, but the availability and performanceesipective wet gas correlations. The ‘off
the shelf ISO compliant orifice meter has the IS® 12748 orifice meter correlation
available. This correlation is technically only forifice meters< 4” in diameter, but in
industry this correlation can and will be extrapethto larger orifice meters. For a known
liquid flow rate the result of applying this oriianeter correlation is included in Figure 40.
The gas flow rate prediction error after applyihg tSO correlation was found to be -2% to
+3% to 95% confidence. There are no standards bmrandanufacturer produced published
USM wet gas correlations. Therefore unlike theicgiimeter there is no ultrasonic meter wet
gas correlation with which to correct this ultramometer’s over-reading.

When a gas meter is used for low liquid loading ges flows the operator may choose to
ignore that the gas flow is not dry and hope that dver-reading is negligible. In such a
scenario the gas meter design with the lowest easling would be desirable. Figures 39 &
40 have circled the wet gas liquid loading regibmterest in such a scenario. The chordal 4
path ultrasonic meter generally has a lower ovadireg than the Venturi meter but the
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Fig 39. 8” Venturi & Chordal 4 Path Ultrasonic MeWwet Gas Data Comparisons.
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Fig 40. 8” Orifice & Chordal 4 Path Ultrasonic Mei&et Gas Data Comparisons.

significantly higher level of ultrasonic meter deatnegates any significant advantage in this
respect. The ultrasonic meter can’'t be guaranteddve a lower over-reading in this liquid
loading region. Figure 41 highlights the wet gasreneading comparison of the 8” orifice &
chordal 4 path ultrasonic meter atwX< 0.05. The difference in over-reading between the
orifice and ultrasonic meter is more marginal tbatween the Venturi and ultrasonic meter.
Again, the ultrasonic meter can't be guaranteetawee a lower over-reading in this liquid
loading region.

These comparisons of the wet gas flow performah@&? orifice, Venturi and chordal 4 path
ultrasonic meters have also been made with 4” mefédre results and conclusions made on
the 8” data are substantiated by the 4” data. Eig@rshows sample CEESI 4” data.
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Fig 42. 4” Orifice & Chordal 4 Path Ultrasonic Mei&et Gas Data Comparisons.

Figure 42 compares the performance of 4” orificel @hordal 4 path ultrasonic meters.
Again, there is no advantage between using theyp of meters at low liquid loading (with
no correction applied). Again, the ISO complaintgatifice meter had the 1ISO correlation
available, whereas there is no available ultrasorater correlation.

In some applications the operator may not knovhé gas is wet. Even if wet gas flow is
confirmed, all gas meters with a wet gas correfatiequire the liquid flow rate (or some
liquid loading parameter) supplied from an exters@lrce. The common methods (e.g. test
separator history or tracer dilution technique®) ot checks. In these cases the operator is
blind to changing liquid loadings and blind to thgsociated gas flow rate prediction bias
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between these periodic checks. Therefore, a wetgastoring system internal to the meter
is desirable.

It has been suggested by some that the ultrasosterrhas an advantage over DP meters in
wet gas flow service on the grounds that the wimasmeter has a comprehensive diagnostic
system that could be used to show changes in ligaiding. It is inherently inferred in these
statements that the DP meter has no diagnostidodities, and no method of monitoring
liquid loading. However, this is not correct. Thenturi meter has a very well established
widely used liquid loading monitoring system, aind tgeneric DP meter now also has a
comprehensively proven diagnostic system. Henee Vinturi, orifice and any generic DP
meter does have the capability to monitor changdgyaid loading.

6. Liquid Loading Monitoring

6a. DP Meter Liquid Loading Monitoring

In 1997 de Leeuw [9] showed that the ratio of a tuenmeter's permanent pressure loss
(PPL, DRp)) to the traditional DP (DF, often called the Pressure Loss Ratio, or ‘PlRis

a fixed value for a given Venturi meter geometryiwmsingle phase flow. This is confirmed

for orifice & Venturi meters by ISO 5167 Part 2 dpdrt 4. De Leeuw then showed that the
PLR of a Venturi meter was sensitive to wet gasitioading, and hence monitoring the

PLR gives a very simple, effective and reliable Weinmeter liquid loading monitor.
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Fig 43. Modified De Leeuw Sketch Showing DP Reasling
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Fig 44. De Leeuw 47, OptVenturi Meter Wet Gas PLR vs, % Wet Gas Data.

Figure 43 shows a modified de Leeuw [9] sketchhefVenturi meter with the traditional &
PPL DPs required to read the PLR. Figure 43 alswsta later general DP meter diagnostic
development of also reading the recovered DP,)([2B described by Steven et al [20, 27] &
Rabone et al [25] & [26]. Figure 44 shows de Leamample wet gas data showing the PLR
vS. X m relationship.
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This de Leeuw technique has spawned multiple wet geeter products. The Expro
‘SmartVent’, the Solartron Dualstream I, the ABBK&ohne wet gas Venturi meters etc. use
this technique to meter the gas and liquid flovesawithout liquid loading information being
required from an external source. At present them® no equivalent ultrasonic meter
technology based wet gas meter products. Furthexn®®© TR 11583 [1] describes this PLR
vS. Xim wet gas metering technique for Venturi meters. I8011583 even includes some
approximate predictions for predicting the gas &uid flow rates via combining the
information from the standard meter and the PLR sueament for some Venturi meter
geometries. (Further discussion of this ISO prealicis outside the scope of this paper.)

This concept is applicable to all generic DP metditse orifice meters photographed in
Figures 9 & 12 have a downstream tap for this tgoionitoring capability, as do all the
Venturi meters in Figures 15 thru 18. Any DP meteerator can monitor for liquid loading
changes via PLR changes. An operator can do thmuaflg, or there are software packages
available, e.g., the patented comprehensive DP rnigdgnostic system ‘Prognosis’ (see
Steven et al [20, 27] & Rabone et al [25]) haswsafe that among other capabilities includes
this liquid loading monitoring capability. Prognesalso includes further dynamic pressure
field monitoring techniques that can further diagmaevet gas as the source of the diagnostic
alarm (see Rabone et al [26]). Steven [27] showatiwhile an orifice meters PLR parameter
can be used to monitor liquid loading, for an csfimeter in particular, the ratio of the
recovered to PPL DPs (or ‘RPR’) is more sensitiodiquid loading than the PLR. The
Prognosis software includes this RPR check (seeofalj26]) as well as DP stability
monitoring to produce a ‘wet gas flow’ monitoringsgem.

6b. Chordal 4 Path Ultrasonic Meter Liquid LoadMgnitoring

Most ultrasonic meters have a generic compreherdiagnostic system consisting of the
following diagnostic checks: Speed of Sound, Patblodity Ratios (usually shown
individually as well as split into Profile Factor & mmetry information), Path Performance,
Path Turbulence, Path Signal to Noise Ratio ant Batin. Different manufacturers have
their own methods of displaying these diagnostidse diagnostic result, i.e. “diagnostic
pattern”, produced by cross referencing these selagmnostics is said to indicate wet gas
flow. Different manufacturer displays will of cogrproduce different patterns.

There is significantly less literature regardinge tlgeneric ultrasonic meter diagnostic
system’s reaction to wet gas flow than there isafggeneric DP meters wet gas monitoring
system. This is in part because industry has retkagnificantly less wet gas flow R&D on

ultrasonic meters than DP meters. Another hindraoaenderstanding ultrasonic meter wet
gas flow response is the variation of ultrasonidean@nd diagnostic display designs. Test
data from one ultrasonic meter design is not autimally transferable to other designs.

Furthermore, physically similar ultrasonic metesidas (such as two competing chordal 4
path designs) may have similar diagnostic respottseget gas flow, but due to difference’s

in the diagnostic display the response may notidveasly similar.

Lansing [28] gives a short discussion on one hotelty installed 47, chordal 4 path

ultrasonic meter’s diagnostic reaction to wet daw/ f Lansing says “...there are four basic
diagnostic parameter that can be used to identiferwliquids are present. They are
Performance, Path Ratios, Path Speed of Sound arll€nce values.” Figures 45 thru 56
reproduces the Lansing graphs. No pressure or fjgnd information was given. The liquid

loading is shown as GVF%. The relationship of th&F® to Lockhart Martinelli Parameter

is shown by equation 8.
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GVF% = *100%

Transducer Performance - 7.6 m/s Path SOS - 7.6 m/s
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Fig 45. USM Performance vs. GVF%. Fig 46. USM Speed of Sound vs. GVF%
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The horizontal flow pattern can place different amis of liquid across each path thereby
making each paths reaction to the wet gas flowrpiaty different. Figs 45 thru 48 have an
unusual non-linear scale, i.e. unit lengths aldmg x-axis do not represent unit steps in
GVF%. It is important to realise that Figs 45 td& shows post test analysis. The standard
ultrasonic meter diagnostic suites do not plot th@gnostic parameters vs. GVF% (or
alternative liquid loading). In practice the eogtor will have to decipher the meaning of

the generic ultrasonic meter diagnostic suite duitigum the standard USM diagnostic output
display only.

Figure 45 shows that the lowest path (Path 4), kwhall experience the highest
concentration of liquid with most flow patternsgbes to show performance abnormalities at
a GVF of about 99.5%. Path 3 shows a similar prabé GVF < 98%. Figure 46 shows
Path 4 beginning to show Speed of Sound (SOS) ataliies at a GVF of about 99.5%.
Path 3 shows a similar problem at GVF < 98%. Figiteshows Path 4 beginning to show
turbulence abnormalities at a GVF < 99.9%. Pash@vs a similar problem at GVF < 98%.
Figure 48 shows Path 4 beginning to ‘show’ veloeiyormalities at GVF < 99.5%.

In field operation the ultrasonic diagnostic digp&nows this result in terms of Path Velocity
Ratios, as reproduced here as Figures 49 to 52.difficult for an operator to judge from
these path velocity ratio plots if the diagnostaes suggesting the flow is dry or wet (or has

25



another problem). A better analysis is to use itfisrmation to plot Profile Factor (PF) vs.
Symmetry. This is reproduced as Figures 53 thruTb@se plots identify an abnormality in
the expected dry gas response somewhere betwe@dh S9GVF < 99.5%. Unfortunately,
with no gas to liquid density ratio information glipd it is not possible to convert this
example to Lockhart Martinelli parameter terms.

In summary, this reproduced example (Lansing [28Qgests that the ultrasonic diagnostic
system starts to show an unspecified problem wéth B failing between 99.9% < GVF <

99.5%. Wet gas flow is one of several possible lgrok that could cause Path 4 to fail.
When Path 3 also starts to show similar problenS\&t < 98% pattern recognition (by an

experienced ultrasonic meter operator closely manig the diagnostics) can then potentially
indicate wet gas flow as the likely problem.

The following example shows a direct comparisorth&f diagnostic / wet gas monitoring
systems of the respective 8” chordal 4 path ultresaorifice & Venturi meters. A sample
mid wet gas flow condition has been selected foemtinese meters were tested in series.

Path velocity ratios Path velocity ratios

Path 1 0.834 Path-1

Path 2 1.026 Path 2 1.035

Path 3 1.023 Path 3 1.024

Path 4 0.924 Path 4 0.873
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Fig 49. Path Velocity Ratios at 100% GVF g BD.Path Velocity Ratios at 99.9% GVF
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Fig 56. PF vs. Symmetry 99.0% GVF

Natural gas & Exxsol D80 (a light LHC) at a nomidal Bar(a), 3%C flowed at 15.7 kg/s.
The gas to liquid density ratio was 0.045 and tag densiometric Froude number was 2.2.
The GVF% & Lockhart Martinelli parameter range liwn in Table 5.

GVF %

100

99.87

99.64

99.33

98.89

98.53

Xlm

0

0.006

0.017

0.032

0.053

0.070

Table 5. GVF% vs. Lockhart Martinelli Parameter.
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Fig 57. 8” Venturi Meter PLR vs.
Gas / LHC, DR 0.045,5R.2.

Lockhart Martinelli Parameter
Fig 58. 8” Orifice Meter RPR vs.X
Gas / LHC, DR45, Fg 2.2.

Figure 57 shows the wet gas response of the 8B Udhturi meter's PLR vs. Xy. The
Venturi meter PLR is very sensitive to wet gas.nflieg a Venturi meters PLR is a simple
yet reliable and well established method for mamitp even small changes in wet gas liquid
loading. Figure 58 shows the wet gas responseeod'th0.68$ orifice meter's RPR vs. X;.
The orifice meter RPR is moderately sensitive td gas. Although less sensitive to liquid
loading than the Venturi meters PLR, trending aficermeters RPR is a simple and reliable
method for monitoring for moderate liquid loadingpanges. As the DP ratio reading
uncertainty is typically < 1% the Venturi meter caae’ wet gas at @4 < 0.002, while this
orifice meter has a more modest identificationghoéd of X < 0.0%,

Figure 59 shows the ultrasonic meter individuahpagrformance vs. liquid loading. Path 4
begins to show an abnormality from normal dry dew fperformance at a liquid loading

3 Only a few DP meter malfunctions cause the PLRRR values to drift in these particular directiddene of
these other malfunctions have the associated Ofeufitions caused by wet gas flow. Hence, these Bferm
monitoring systems can identify wet gas flow asdeific problem (see Rabone [26]).
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of about Xy > 0.015. Path 3 begins to show this abnormalityviddial Path Velocity Ratio
at about Xy > 0.03. Figure 60 shows the individual path SOSigsid loading. There is no
significant SOS warning until Path 4 begins to &ilX y > 0.02. No other path showed any
significant SOS problem across the liquid loadiramge tested. Figure 61 shows the
individual path turbulence vs. liquid loading. Nlear indication of a problem is evident until
Path 4 fails at Xy > 0.032. Across the liquid loading range testedth®r paths turbulence
diagnostic check noticed the presence of wet gaguré 62 shows the individual Path
Velocity Ratio vs. liquid loading. Again, in thisethod of presentation it is difficult to see
any liquid loading effect. A marginally better wayto look at the individual path velocity
ratio plots (see Figures 63 thru 66), but muchebettill is the PF vs. Symmetry plot (see
Figure 67). It can be difficult for an operatty be sure if wet gas flow is the problem
when looking at the Path Velocity Ratio plotsreddi.e. Figures 63 thru 66), although the

171 8" USM Profile Factor vs. Symmetry failure of path 4 is a potential wet gas flow

. 4 indicator. Figure 67 shows a much clearer

. trend, although it is possible such a result

.E‘ "1 ¢ # Dry Point may be caused by other malfunctions

£ * :i:m EE?? causing path 4 to fail. As Path 4 fails at
A 0032 X > 0.032 the PF & Symmetry

05 4 calculations stop. The lack of data from
- path 4 at Xy > 0.032 indicates failure of

125 13 the path. A failed path is in

" profieFactor
Fig 67. 8" USM PF vs. Symmetry
Gas / LHC, DR 0.045, §2.2.

itself a diagnostic result. A path fails for a r@asand that reason is obviously causing
adverse effects on the metering system. A pathldréadoes not in itself indicate wet gas,
but flooding due to the presence of wet gas floanis possibility for such a failure.

The Venturi meter diagnostic system can show alpnolexists and suggests wet gas is the
probable cause by a liquid loading of\wX> 0.002. The orifice meter diagnostic system can
show a problem exists and suggests wet gas is rtitmlple cause by a liquid loading of
Xim > 0.01. The chordal 4 path ultrasonic meter testu show an unspecified problem
exists by a liquid loading of ) > 0.01. This ultrasonic meter diagnostic systemabeto
show a specific wet gas pattern by»e 0.03.

7. Conclusions

Wet gas flow is an extremely adverse flow conditittvat significantly degrades the
capabilities of all gas meter technologies. Nomaser can come close to meeting its dry gas
performance specifications if more than trace tiqis present. An ISO wet gas meter
correlation is not just a useful method of cormgtia gas meter’'s liquid induced over-
reading. For a correlation to be published by I®@r¢ must be a massed data set from
multiple meters and test facilities publicly availa This data set has to include data from
multiple independent 3 parties to indicate that the meters wet gas pedoce is not just
repeatable, but reproducible, and therefore pradliet Hence, the existence of an ISO wet
gas correlation for any given meter indicates thatistry has a comprehensive understanding
about that meter technologies wet gas flow perfogeaThis is the case with Venturi and
orifice meters. Conversely, the lack of a comprehancorrelation for any given gas meter
technology suggests that industry as yet doesutigt dnderstand that technologies wet gas
flow performance. This is the present state ofslinic meter wet gas flow research.
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The DP meter has a simple, effective and estaldibaid loading monitoring system. This
DP meter liquid loading monitoring system is watlokvn, extensively tested and developed,
described in ISO publications, and has been widellied for several years. The Venturi
meter liquid loading monitoring system is very effee, showing the presence of very small
liquid loadings. The orifice meter liquid loadingomitoring system is moderately effective,
showing the presence of small to moderate liquadiilogs. The ultrasonic meter has a single
phase diagnostic system that is potentially capabidentifying some unspecified problem
exists at low liquid loadings, and identifying wggts as the likely problem at moderate liquid
loadings.

It is not by accident that virtually every wet gaeter on the market (most of which are
developed and owned by parent companies that alsoDd® and ultrasonic single phase gas
meter products) use DP meter technology and naheeutiltrasonic meter technology. The
ultrasonic meter measures gas flow by multiplerdiscvelocity measurements across paths.
This can be highly effective in single phase maggapplications. However, with the highly
adverse condition of wet gas flow, the liquid’s ggBce causes these discrete measurements
to fail due to wave scatter, energy absorptioniddpng’, path flooding etc. Wet gas causes
ultrasonic meters to lose a portion of the sigmaeded to measure the flow. That is, in an
application where more information is beneficialnieter the more complex flow ultrasonic
meters tend to produce less information than tlaywith single phase flow. In contrast, the
DP meters interact with and manipulate the wetflgas, causing the flow pattern to change
in a reproducible way through the meter body. Téasises the DP signals, still clearly
readable, to have a reproducible relationship withwet gas flow. This is what allows DP
meters to have published ISO correlations.
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