
' . • 'K. V. l'EDERL/,NUSE GASUNlE 

DEPARTMENT PLANNING AND RESEARCH 

TURBINE METERS FOR GAS. 

by 

H. Bellinga 

-. 

~APPORT TP/lD 82. R.226 

2 juni 1982 

Doc. 1038L/0056L 



.. 
TP/ID 82. R.L.26 

- 2 -

1. Introduction 

The history of the turbine me~er 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 f~iition and wear (fig 1) 

Because ·of the lack of proper ·materials and bearings· these meters 

were regarded as unreliable and we~e only u~ed for. -industrial mea-:' 

surements. However 1 at that time it is alr'eady recognized that these 

meters :Were. highly- sensitive to changes. in the flowrate had a good 

. -r-epeafabili ty and a . orie . to "ten ·rangeabil~i"ty~ · That. ~as~ in '_the -.mid 

·thirties. 

·Not untill the technology permitted th~ manufacture of b~arin:gs, c.om-· 

p~rable with the modern bearings· the development of the turb~ne me­

ter as we know it t:od·ay started. 
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2 . Metrological position. 

Prior to dealing with the .properties of the turbine meter itself a 

comparision will be made between the two syst~ms 1n 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 · 

-~ith high ·pressure ga's at 70% of its rated cap·acity is estimated to 

be 0,7%. 

The uncertain~ty of a system consisting of ~ _ turbine meier, calibra-

. ted with high pressure gas - a densitometer and a flow . computer, opera­

ting under comparable ~onditions am~unts . to 0;45%. Application of the 

most . accurat~ .6eco~dary instrumentation would bring ·do_wn· these .figu­

res. For the orifice plate.· system · to 0 ,6% and for the turbine metfi!r 

sys t_e~ _to 0, 35%. 
- - . .. ~ .. - .. .... - .- .. 

The price, for _th1s .. imp.rovement .is ·th_~ ~ost of a~ . automa_ti~ , d ~ fferen-:­

tial ~ress·ure gau:ge · (
0

Dfl: 180~00.0) : irt thtf case · of th~: orific:epiate. ; 

In the tµrbine meter system a . f lo~ computer - with linearisation for·· 

the error curve of ·the turbine met.er· has to be installed at an extra 

cost of approxima~ily Df l 8000. 

The .rangeability. of the o~ifi~ep.la~e . system _· i~ ~ne_ to ~hree. w~t~ t:he_ 

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 t h e whole range. For the more soph_is.ticated 

systems for the orifice plate the penalty of increased uncertainity 

is removed while the rangeabili ty 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 requires more secondary instrumentation. Especially 

when high accuracy is required the complexity of this secondary in­

strumentation i s such that the simplici ty 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 -Opportunity to· build more 

compact installations. 

3. Operating principle~ 

The axial flow turbine met~r is a device that measure~ the velocity 

of the medium, flowing through a passage of known area. This passage 

is formed by · the ' hub of the turbine wheel ·and the wall of the me ter 

hou- sing. The blades on the turbine wheel are l>ositione d under an 

angle with the direction of the flow . 

The ideal turbine meter has infinitily thin helical blades and is not 

subject to any kind of friction. , 

Undei; the conditions mentioned above.· ·it would be possible to calcu­

_late the relati~nship between throughput . and ". speed of the rotor from 

· ·· • :· ~·h·e·. ·di~~~sio~s ·· oi ' th:e .. ·in~i:er : ·111at:- r'etiit-ror1sliip -rs-·nnear ·-c.an· be· re:.. · . . . 
. . . ~ : 

c .n.· f 
~ = _j = a 

Where C ·is a .constant determined. ~y the gear · train , n the rotor 

~p~ed_, ·" the actual f~o~a~e, -~ ·_th~ indicated flowrate and a . th.e 
. . . . . 

coefficient depending on me ter 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 relationship between rotorspeed and 

throughput is not any more l i neair. 

It can be represented as : 

c.n ---= 
fJ 

f 
T 

The values of a
1

, 

calibration data. 

value a . 

a
3 

are determined by cu.rve fitting of 

value of a
1 

in general differs from 

the 

the 
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4. Construction 

In gen_eral axial flow ga.s turbine .meters consist of a pre~s!-lre resis­

tant spooipiece ·in which· the · ·measuring element is. inse'rted, so the 

s.tatic pressure does not influenc~ the dimensions of the measuring 

element. A~ the moment the J>roducts of most gas turbi~e meter manu­

facturers present a strong similar~ty in aerodynamic design. 

(1) Upstream of the measuring element is. the flow conditioning zone 

.which . consist· of a nose cone provide_d with flow gu{de vanes· at its 

upstream end. The ·annular passage between the nose cone and the wall 

of the spoolpiece in most cases has a con~tant cross sectional area 

over a length of ·about eight . t _imes its width. 

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

fer · t:t'ley have to ful.fill ·a number of requirements. A good survey_ of 

these requir~ments ·is given in the . EEC di-iectives ( 2). One of these 

requirements is· . that . the meter · should ··hav~ a ~ech.anic'al ~ndex • 
... ·- :· - . .. ... '· .... - ~ -;. ... - ~ -- - - ... ·- - ... - .. - ' • - .. -· 

. That mechanical .· index . is drive11 by · the turbiQe whe~l by· means of a 
. . . . . . . . 

·gear· t _rain."· . Par·~ ·of this. :ge:ar · · t~ain · is a ·magnetic : coupling··_ that 

bririg_s -~he rotation of the drive shaft outside the pressure resista~t 

housin~. In addition to the mecpanical index· most turbine meter·s h~ve · 

one ot ~wo electronic sensor~ ~s a second means of read out. I~ the . . 
ca~e .of application of a flow computeT this is a must. This can be a 

~ensor direct to· the turbine: -wheel ·or· .i:o. a . disc. on ·the mainshaft ·or . a · . 

se_ns~r . t~ ~ ~is_c _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 continuous check 

of the integrity of the· electr~n~c 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 measu·red. 
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The position of.this tapping is the result of carefull jnve~~igation 

during the c;'esign and testphase of the meter. In the case that for 

the computation of the mass flowrate through the met~r the pressure, 

measured at another tapping woul.d oe used an unknown error is intro­

duced. . . 

As the expansion over a turbine· meter is low the point whe~e gas tem­

perature in measured is of little importance; some larger met~rs do 

have a 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 ~onstruction ~f a turbine meter is 

the ·choice of ·th~· bearings o .f the ·turbine shaft. · This a · compromise 

between low friction and durability. 

. . . 
I~itialy ~he turbine meters were used to ~easure~.ga~ at 16w pressure. 

. . 
That means driving torque i~ low, so · the bearing fricti_on has . to be· 

__ . ~o~.· -~~ . ~<:h.i.ey~. g~d _ra!lg~~b.i_l~ tt· . . ~~we'."~~ . ~~a_ri~~ _·l~ad .. - .~~~ _ ~~s_o_ · ~i~ :· .. 
T·he c~libration of · the meters was performed with. air under ~tmdsferic 

-. - . 

C::ondit.ions. · Lateran wi.th the ·increase of .the pre_ssure ·~f : _ th~ ga~ ·tQ. _ . · . 

be measured th~ bearing load ·increased. · The calibration with atm9~­

feric air however ·remained the criterion for acceptance ·and judgement 

of. the· quality, especially the rangeability, ·of · the m~ters •. At · the · 

moment the ·e_qui:-librium between durability under high pressure and 

r.angea,biii~y .wi.th . a~m~sf~r~c . a~r has been achieved, provided the gas. . . . . . . . . . . . . . . . . .. . . . . 
conditions are not too adverse • . An additional benef.it of th.i·s 

devel·op- inent 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

libration· the task for the meter designers 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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5. Characteiistics 

Deviating from the representation given in chapter 3 in practice the 

behaviour of- the g~smeter is represented by the· error in the · ·reading 

at various flowrates.· The reaso~ therefore is that the same way of 

representation is used in the legal p~escriptions and certificates. 

The error ·is defined as: 
f _. fJ 

·Y • -r - . 100% 

where f is. the · indi.cated flowrate and jJ the actual flowrate. 

The results of a calibration are presented as a table containing the 

measured data a~d the following polymonium which represents the best 

fit curve of the m~asur~d ~ata. (fig. 3). 

Y = Ao + ·,_.lxm + A~Xn + .Ai~ 
Y = error of· the meter in % 

X ~~max 
. _ ·:.". m .. =. _-Q .. . 2 .. · . . ~ . .. . ... · ~ 

. . 

n ;,. -0 ·33 
. ' 

· : 0 . . ~~ :2,o : 
. . 

The exponents m, n· and o a.lways have the values ment~oneci above .. The 

· values A 
0 

.ter. · 

are 
. . 

characteristic for the individual me-· 

-~uc;li· .can ·an~ has been said -about the behaviour of . turbine meter.s lln'"'.' · 

der various op~rating conditions, In the following those properties . . . . . . 
·that are of importanc~ for the. practical applicatio_n will ·be discus-

sed. 

l) Turbine flowmeters always repeat . very -well, in the order of o·, l per 

cent (2 .a = 0,1%) or better as · long as the properties_ of the medium 

do not change too much. The lowest flow rate fo.r which this statement 

is valid .depends on the static pressure and decreases with increasing 

pressure. 

2) For the majority of the modern meters it is possible that the cali­

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 condi~ions is 
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necessary . to get the full profit from t~e good repeatability. In this 

ca~e it ·may. be necessary to adjust the meter in s~ch 8 ~ay that the 

air curve lays outside the tolerance limits. (fig. 5)~ 

·3) With increasing density of ·the gas the linearity at law flowrates 

improves resulting in an increased rangeability (l). Fo~ larger me­

ters a rangeabili ty of one to f<:>urty is no exception • . (fig. _6). For 

the smaller meters this figure is one to thirty.·{fig. 7) 

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

friction only influences the error curve at very low flowrates. 

6) Installation and operati~g . conditions. 

The genet:al sta·tement c~n be made that disturbanc~s in the gasflpw 

upst~eam of a -turbine" meter should be avoided. Anything .other than a 
- •. . . - . 

straight pipe must regarded as a sq~rce . for disturbances. Disturbi~g · 

· - ~ie~eil"ts --~an-"be~ d.e.Yicie"d·· 1.nt:·o· ··two· gio~i>e·s. ·High · 1eve_i .. C1isturl?·a~c-es ·a~d. · ·· · ·· ·. ·· . . . .. - .. . 
low. level ~i&tu~bances. The first catagory is ge':1era·ted by tl:irott}ing 

· elem~nts :wi.th : o~et c~iticial _exp~ns·ion. ·the second_ ·c.~tagory ·is : genera­

_te~ by piping configura.tions ·as bends_. Tee.'s and headers ·in wh~ch the 

velo·cities are. of the same. order as the entrance velocity · of . the me-:-
· ter .• 

In the case that high level ais.turbances are present the appli­

cati~n .of.· a· · .00di.tied. · spr~nk.te · s.traightenin8 · (fig. · -a>- vane· installed . 

. as indicated .in. fig .9 :wil.l _make. S':'re that the. error _of the _ mete~ will, 

not deviate by ·more than 0,2% from the error in an undisturbed flow 

(4). The high pressure drop - of this type of flow straightener can be 

accepted because _of the presence of the tbrotting element with the 

o·vercritical expansion. 

When low level disturbances occur the application of a flow 

straightener. with .a lower p~essure drop _will be sufficient. The tube 

bundle s traighteni'ng vane is t _he most well known type (fig. 10). To 

give an impression of the influence of one of the most severe low 

level disturbances, two bends not in one plane, the following. This 

disturbance te~ pipe diameters upstream of a turbine meter causes a 

ihift in error between 0,1% and 0,8%. These figures 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 influence of the disturbance. 

More d i fficult to quantify is the influence of flow ·pulsations so· 

only some qualitative rem·arks · will be ma<Je. 

Pulsating . flow wiil not influence the indication of the meter as long 

as its . frequency is loW in 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 ~espect to 

the avarage flow rate. More detailed and quan tified informa~ion on 

~his subject is given by Dijstelbergen. (5). 

Recent developments 

One o~ the . most recent innovations in turbin~·meter constructio~ is 

the auto adjust .DN:ter· m~nufactured . by Rockwell. In t~is meter down · 

· ~~rea~ ·of". tfie· --o;~·in:· i.Ji-t>:Lti·e ' ·~heei ·a· ·seC:~nd ·free .. running .. t:uioiri·e -. wneer. · ·· 

.with oniy a ·ve ry. small . blade . angle .is . instalied. Bec~us~ '.of .. tl:ie _ fr.i.c·~ 
. ~iOn . of th~: m~t~r . :th~ £16w :do~·~tiea~ i>f :_ the '.~~in: rot_~r .: i~: s:~ightly . 
. rotati.~~' proportional. to t~e . friction ~f ·t~e ._ mainrotor. This rota-

tion will · i~fluence the rotation of the second ·turbine wheel (sensor . . . . 

rotor) proportional. to the slip . of the main rot~r. So the ~l.ip of the 

main rotor is measured and is c~rrected for ele~tronically. . . . 

. In. thi~ m~ter _ e~ro~s.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 

partly detected. A more detailed description is presented by the ma­

nufacturer (6). 

Ano'ther design which mechanically very much resembles the Auto . Adj'ust 

meter is a prototype of a direct massflow meter. 
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It consists of a normal turbine wheel which is coupled to a(constant 

torque .brake.) Downstream .o.f the turbi~e wheel is a free r ·unning sen­

sor wheel with straight vanes that measures the swirl . ~f the gasflow 

downstream ·of the. turbine wheel. Both ·rotors have an electronic rea­

dout. It can be derived that the mass flow through the meter is: · 

. n 
K.--. 

(j) 

in which '\n = kg/sec. 

K. = a constant. 

O = speed of the turbine wheel. 

w "' speed of the sensor wheel. 
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