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Introduction

;th1rt1es.

The history of the turbine meter for gases goes back to the beginning

of this century. At that time the size of the wet drum type gasmeters

had increased to impractical dimensions and the search for.other flow

_measuring techniques started.

One of the techniques was to measure the velocity of the medium by

means of a propellor.

In these early turbine meters the shaft was always vertical .in order

to decrease bearing load. thus minimising friction and wear (fig 1)

Because'of the lack of proper-materials and bearings' these meters
were regarded as unreliable and were only used for -<industrial mea-
surements. However, at that time it is already recognized  that these

meters were highly. sensitive to changes in the flowrate had a good

’ repeatabxllty and a on€ to ‘ten 're'néeabil‘ity‘; - ‘That *was - in  the ~mid - -

Not untill the technology perm1t{ed the manufacture of bear1ngs, com—-
perable with the modern bearings  the development of the turb1ne me =

ter as we know it today started.
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2. Metrological position.

Prior to dealing with the properties of the turbine méter itself a
comparision will be made between the two systems in use for large

scale gas flow measurement.-

The uncertainity of a well maintained system consisting of an ori-
ficeplate, a dp cell, a densitometer and a flow computer, operating’
'with high pressure gas at 70% of its rated capacity is estimated to

be 0,7%. ' ' ' -

The unceffaiﬁ@ty of a system consisting of a turbine meter, calibra-
_ted with high pressure gas- a demsitometer and ajflou_compucér, opera-—
ting under comparable pohditions-ambunts'to 0;451. Application of the
.most.accurqpé secohdaf? instrumentati;n would bring down these figu-
res. For tﬁe orifice platq'system';o 0,6% and for the turbine meter

Bys;eq_to'0,352. T e

s e . . R LT T TS U VU P

The price,for_thia.impfoﬁemeht,is_thé cost of an . automatic differen-
tial pressure gauge (Df1l 180.000) in thg:bésé'bf the orificeplate.’
In the turbine meter systeﬁ'a-floq computer - with linearisainn for -

the error curve of the turbire meter has to be installed at an extra

.

cost of approximatily Df1 8000.
The .rangeability of the orificeplate system is one to three with the
penalty of increased uncertainty at low flowrates. For the turbine
meter system the rangeability is one to ten with a constant figure
for the uncertainity over the whole range. For the more saphisﬁicatéd
systems for the orifice plate the penalty of increased uncértainity

is removed while the rangeability of the turbine meter -system in-
creases to one to twenty and in some cases even to -one to fourty.
Although the orifice plate is more simple and more robust than a tur-
bine meter it requireé more secondary instrumentation. Especially
when high accuracy is requiréd the complexity of this secondary in-—
strumentation is such that the simplicity of the primary element is

compensated.

]
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In general the upstream lenght for a turbine meter is shorter than

for an orifice plate, thus offering the oppartunity to build more

compacf installations,

Operating principle.

The ax1al flow turb1ne meter is a device that measures the veloc1ty
of the medium, flow1ng through a passage of known areas, Th1s patsage
is formed by the hub of the turbine wheel and the wall of the meter
hou; sing. The blades on the turbine wheel are ‘positioned under an

angle with the direction of the flow.

The ideal turbine meter has iﬁfinitily-thin helical blades and is not

subject to any kind of friction.
b

Under the conditions mentioned above ‘it wpﬁld be poesible to calcu-

late the reletionship between throughput and speed of the rotor from

‘the d1men51ons of the meter. That relat1onsh1p “is lxnear ‘can be Te-

v

Where C 'is a .constant determined by the gear train, n theé rotor

speed, § the actual flowrate, f -the indicated flowrate and a. the.'

coefficient depending on meter geometry.
In the real meter however the blades have a certain thickness, fric-—

tion occurs obstructions in the flowpath are present.

‘The result of this is that the relat1onsh1p between rotorspeed and

throughput is not any more lineair.

It can be represented as:

en £ _ . %2 %3
o P 1 P pr (1)

The values of =& a, are determined by curve Ffitting of the

1’ %20 %3
calibration data. The value of a, in general differs from the

value a.
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"Construction

In general axial flow gas.turbine meters consist of a pressure resis-
tant spoolpiece “in which'the”meaeuring element ie'inse}ted, so the
atatic pressure does not influenee the dimensions of the measuring
element. At the moment the products of most gas turbine meter manu-
facturers present A strong 51m118r1ty in aerodynamic design. ‘

(1) Upstream of the measuring element is the flow cond1t10n1ng zone

.which. con51st of & nose cone prov1ded with flow guide vanes at its

upstream end. The -adinular passage between the nose cone and the wall

of the spooclpiece in most cases has a constant cross sect10na1 area

over a length of about elght times its Hldth

As the majority of the gas turbine meters are used for custody trans-

" fer -they Have_to fulfill ‘a number of requirements. A good survey of

theserrequireﬁents is givén in the EEC directives (2). One of these

requirements is that the meter"should"have a mechanical index.

- e e s mf oa o - - - - e mee B ce m e = oa . - - - - .- - - -
- - - - - - - PO . - - -
. . - >

.,That mechan1ca1 1ndex ‘is dr1ven by’ the turbine wheel by means of a

gear traln.' Part ‘of th1s gear tra1n “is a magnetlc coupllng that

br1ngs the rotation of the drlve shaft outside the pressure resistant

housing. In addition to the mechan1cal 1ndex-most turbine meters have-

one or two electron1c sensors ‘as a second means of read out. In the

case of app11cat10n of a flow computer this is a must. This can be a

- sensor direct to the turbine wheél or to-a.dlsc.on ‘the mainshaft'or.a}

vsenspr_tq a disc on a shaft on the atmosferic side of the magnetic

coupling somewhere in the gear train.

A .combination of the two offers the possibility of a continuocus check

of the integrity of the electronic output of the meter.

As the robustness of meters is increasing there is a tendency to rely
on a combination of sensor in the gear train solely.

On the gas turbine meters there is one or somethimes two pressure
tappings in the same plane, marked Pr, where the relevant pressure

must be measured.




- TF/1D B2. R.226

" The position of this tapping is the result of carefull investigation
during the design and testphase of the meter. In the case thet for
the computation of the mass flowrate througﬁ the meter the pressure,
‘measured at snother tappieg would be used an unknown error is intro-

duced.

As the expansion over a turbine meter is low the point where gas tem—
péerature in measured is of little importance; some larger meters do
have & thermometer pocket. For the smaller meters it is recommended

to measure the temperature as close to the outlet flange as possible.

.Another important feature of the construction of & turbine meter is
the choice of -the- bearings of the turbine shaft. This a compromise

betweeﬁ'low friction and durabilicy. -

. Initialy the turbine meters were used to measure.gas at low pressure.
That means driving torque is low, so the bearing friétion has _to be

low to. achxeve _good rangeab111ty. ‘However bear1ng load was also low. -

e

The ca11brat10n of - the meters was performed with. air under atmosferzc

cond1t10ns{ Lateron thh the 1ncrease of the preSSure of the gas tb.ﬁ

" be measured the bearlng load 1ncreased The callbratxon w1th atmos-—
feric air however rema1ned the criterion for acceptance -and Judgement
ef.the‘quality,lestecielly the rangeability;'of'the meters. At  the
' moment the Equilibrium between durability under high pressure .and
,rangeab111ty wlth atmosferlc .air has been achieved, provided the gas .
‘cond1t1ons are not too adverse.. An additional benefit of this
develop- ment is  that the rangeability at high pressure is extremely.

large. Unfortunately only very few users do need that.

With the appearance of the calibration of gas meters under operating
conditions the situation is‘changing.'As soon as the high pressure
calibration has the same official status as the low pressure air ca-
.11brat1on the task for the meter des1gners will be to find the new
-equilibrium - between durability and rangeability both at high
pressure.-It will enable the manufacturers to build meters that will
be able to withstand even more adverse conditions than the pre- sent

meters already do.
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Characteristics
Deviating from the representation given in chapter 3 in practice the
behaviour of the gasmeter 1is represenfed by the' error in the Teading
at various flowrates; The reason therefore is that the same way of
tepresentatxon is used in the 1egal preScrxpt1ons and cert1f1cates.
The error ‘is defined as:

Y = ——a—-— . 100%

where f is.the’ 1nd1cated flowrate and.ﬂ the actual flowrate.

The results of a callbratxon are presented as a table containing the
measured data and the following polymonium which répresents.the best
fit curve of the measured data. (fig. 3).

= + +
'A + A X Azx A3.

Y = error of the meter in % ’

x=P_-

. max.

m=-0,2 ... . — . e e e em e e e e Al e e oo
n = -0,33 i

o e2,0. v

The exponents m, n and o always have the values ment1oned above. The

':values Ao A, A A3‘ are character15t1c for the individual me--

1 2

.

ter.

-nucﬁ-can-and has been said-about Ehé_bghayiour of . turbine meters un—-

der various oPerat1ng conditions, In the following those propertieé

--that are of 1mportance for the practical appllcat1on will be d1scus—'

sed{

- Turbine flowmeters always repeat very well, in the order of 0,1 per

cent (2 g = 0,1Z) or better 85'fong as the properties of the medium
do not change too much. The lowest flow rate for which this statement
is valid depends on the static pressure and decreases with increasing

-~

pressure.

For the majority of'the modern meters it is possible that the céli-
bration curve with atmosferic air and with_gas at elevated pressure
are both within the legal tolerance limits (fig. 4 ). As the shift of
the error curve under influence of the density is individual a

calibration under conditions approaching the operating conditions is
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necessary to get the full profit from the good repeatability. In this
case it 'may-be necessary to adjust the meter in such a way that the
air curve lays outside the tolerance limits. (fig. 5).
-3) With 1ncre851ng dens1ty of ‘the gas the linearity at low flourates
improves resultlng in an 1ncreased rangeability (3). For larger me-
ters a rangeability of one to fqurty is no exception. (fié. 6). For

the 5m311e; meters this figure is one to thirty. (fig. 7)

4) When operated'ﬁifh gas at high pressure (40 bar and higher) bearing

friction only influences the error curve at very low flowrates.

6) Installation and operating.conditions.

* The gene;al statemeﬁt cae be made that disturbances-iﬁ the éasflgﬁ S
upétreamrof a 1ur5ine meter should be avoided. Anything other thanma
stra1ght p1pe must regarded as a source . for d1sturbances. Dlsturblng:
lowxlevel §15turbances. The first catagory is generated by thrott}lng
;efemenés:wiih:oéef_c}ifieelgexPéneion.‘The second.catagofy'istgenerah |

 ted by piping coﬁfiguratiope‘asrbehds,-Tee's and headers -in which the

" velecities are of fhe same.order-as the entrance velocity‘of”the_mef
ter. _ o ' ’
In the case that hlgh level disturbances are present the aﬁpli-
cation of'a'nndified‘Sprenkle'etfeighfening-(fig.VS) vane installed-

.as indicated in fig 9 will make sure that the errqr.of-the_metey will
not deviate by more than 0,22 from the error in an undisturbed flow
(4). The higﬁ preesure drop-of this type of flow straightener can be
accepted because of the presence of the throtting e€lement with the
overcritical expansion.

When low level disturbances occur the application of a flow _
straightener. with.a lower pressure drop will be sufficient. The tube
bundle straightening_iane is the most wellknown type (fig. 10). To
give an impression of the influence of one of the most severe low
level ﬁisturbances, two bends not in one plane, the following. This
disturbance ten pipe diameters upstream of a turbine meter causes a
shift in error between 0,12 and 0,8%. These fiéures have been measu-

red in a test with 5 meters of different construction.
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The more vanes the internal flowstraightener of the meters has, the

lower is the 1nf1uence of the disturbance.

More difficult to qﬁantify is the influence of flow -pulsations 5o

only some qualitative remarks will be made.

Pulsating. flow wiil not influence the indication of the meter as_iong
as ifs- frequency is low inl respect to the time constant of the
‘turbine wheel. When the frequency is such that there is an influence,
that influence is smaller as the amplitude is smaller with Tespect to
the avarage flow rate. More detailed and quantified information on

this subject is given by Dijstelbergen. (5).

Recent deveiopﬁents'

- - ¥

One of the. most recent 1nnovat10ns in turbine meter construction is
" the auto adJust nmter manufactured by Rockwell. 1In thls meter down'
-si}eem of the ma1n turb1ne wheel a ‘second free running turb1ne wﬁeel_
:u1th only a very small. blade angle is installed. Because of the fr1c—
tion of the meter the flow ‘downstream of -the ma1n rotor 'is slxghtlj'
.rotatlng, proport1ona1 to the friction of the malnrotor. This rota-
tion w111 influence the rotation of the second ‘turbine wheel (sensor
"rotor) proport1onal to the sl1p of the maxn rotor. So the slip of the
main rotor is measured and 19 corrected for electron1ca11y.

In this meter errors caused by changes in the mechanical friction are

‘corrected.

Changes .of the error caused by an increased inlet velocity at the
turbine wheel because of blockage of the flowpath will not or only 'a
partly detected. A more detailed description is preseeted by the ma-

nufacturer (65.

Another design which mechanically very much resembles the Auto-Adjﬁst

 wmeter is a prototype of a direct massflow meter,
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It cons1sts of a normal turbine whéel which is coupled to a(ponstant
torque brake) Downstream of the turbine wheel is a free running sén-—
sor wheel w1th straight vanes that measures the swirl of the gasflow
downstream of the. turbine wheel. Both rotors have an electronic rea-
dout. It can be dgrived'that the mass flow through the meter is: -
. . 2
e K« o "
in which = kg/sec.
qI:I:I <
K = a constant. &P
_ - : A e —° :
i = speed of the turbine wheel. 7 Ul 2
v

w speed of the sensor wheel.
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Certihicaat "R
29110121
| Soori nmetnr _ ¢ Turbineresmeler
Fabrikaat : Instiromet justcerwiclen
Nummer + jaartal : 27452 -~ 1975
v . 7 .}‘
G- waarde, type ¢: G 16000, SK-RI-D 600 4 50 | telverk
K _type ¢ )
Omax/Qnin : 25000 . / 1300 n3/h ! 66
- netey
pnax : BO bar
debiet four X fout Z polynoom _
m>/h 62 bar bi? :Y = A0+ ijm + Azxn + A3x°
20400 +0,1 /
= waarin:
0 +0,2 - : / .
2016 d - Y = fout van de meter in X
15640 +0,3 - / ' ~
? - X = ’QS - in m3/h .
13200 +0, 4 7 nax -
' / m =~ 0,2
9570 +0, 4 n =- 0,33
8120 +0, 4 / c =-2,0
040 +
4 2 / A = 19,7645
+0
4040 93 A, ~-10, 3709
2600 0,2 / A, = 0,0034
1270 +0,2 / : gﬁ .
. T - - g o
aanwijzing meter — doorgestroomd volume - Z__.. ['DOA
fout = x 100 X
doorgestrooond volume 9&
druk bij P is bij de bepaling van de fout moatgevend gesteld
r :
testmediuo : gas 58 kg/m3
bijzonderheden : plaats Festerbork , datum 30 maart 1981
datum onderzoek : 30 maart 1981
3

00019157 x 10 m

eindstand telvwerk -:

aantal ijkmerken :

11 stuks

opschrift : o
_vol.massa gas 0,5 ~ 65 kg/m3

] o3 £90,0124 imp.

. J.P.L,van Yeulen
Afd. Hoeveelheidsneting Gassen
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