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Vortex meter 

The vortex meter represents one of the most promis~ng 

developments in flow metering over the last ten years. 

It is a very robust meter and for smaller dimension 

also among the cheapest. Possibly the greatest 

advantages is the linear digital output and the 

possibility to calibrate the meter accurately under 

other than normal operating conditions. 

Fig. 1 shows a typical vortex meter. It consists of 

a straigrt pipe with a bluff body obstructing the flow. 

The bluff body causes vortices to be shed alternately 
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on each side as shown ·in fig. 2. This is the same effect 

as is seen by a flag waving in the wind. Th e flag pole 

is producing vortices in the flowing air and t h e flag is 

thrown alternately to each side. The frequ~ncy is 

proportional to the wind velocity. 

Any obstruction in a pipe will cause vortices to be 

produced. The frequency and the minimum and maximum. flow 

rate for stable vortex generation is given by the 

shape of the bluff body. A few different designs is 

shown in fig. 3. 

For a particular design the calibration factor is given 

by the ratio of t he width of the bluff body to the length 

of it. This is a rather teoretical approach since the 

bluff body is installed in a circular pipe and it .is 

therefore difficult to determine the correct length to 

be used in · the calculation . 

On the other hand, when one vortex meter is calibrated 

the resulting calibration factor can be applied to other 

equal meters. Since the mechanical construction is 

very simple, it is not difficult to maintain the same 

dimensions within the appropriate tolerances. 
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When the mechanical dimensions are given the calibration 

factor is only depending on the Reynolds number. For 

most design~ the calibration is linear within 1 or 2 

percent for Reynolds number larger than 30 000 up to 

a limit given by the onset of cavitation. Its this 

property that is used when calibrating under conditions 

very different from normal operating conditions Once 

(-2-) 

the calibration curve is determined versus Reynolds number 

for example under ~ater calibration, the meter can be used 

for any gas or liquid as long as the Reynolds number is 

known. 

In the early days of vortex meter it was often claimed 

that the calibration was very little dependent on the 

flow profile,and straight upstream lengths of as little 

as three pipe diameters were recommended by some 

manufacturers. Over the years the requirements:· have steadiiy 

increased and today most manufacturers specify 20 diameters 

upstream straight length. 

In a general description it is difficult to give accuracy 

figures, but under the conditions out lined above the 

aeeuracy should be in the r~gion of ! 1% . For more 

cte-c:u.rat~results calibration of each individual meter 

under normal operation conditions is necessary. 

Calibration of a vortex meter is complicated by the 

fact that the vo rtex generation is not regular. This 

means that a large number of pulses have to b e counted 

to get the correct average . Als o it makes the us e of 

pulse splitting techniques very difficult. 

It is very difficult to get manufacturers comme nts on 

installation effects . Onl y one is k nown to give details 

o f calibration shift caused by the installation of meters 

in pipes with internal diameter that is not exactly 

equal to the meter internal diameter. In practise this_ 

is an almost unavoidable problem since the inner diameter 

of pipes with norminally the same diameter is depending 

on pressure rating. 
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At the calibration laboratory at Norsk Hydro, Porsg·runn, 

three different meters have been tested on installation 

effect~. Since the time schedule did not permit the 

results to be discussed with the meter manufacturers, 

the results will not be reported in writing at this 

stage. 

The results will be given in the lecture without 

refering to the manufacturers names. 

Coriolis mass flow meter 

As we have seen earlierin this seminar, we are normally 

interested in the mass rather thanin volume and density. 

For a long time different methods of direct mass determina­

tion have been tried, with more or less sucess . 

An instrument working by a completely new principle has now 

been on the market for 4 or 5 years. In basic principle it 

only measures massflow independent of how this mass is 

composed. Of course there are practical limits to this 

statment, but it is felt important to stress that the 

principle is a real mass flow measerment. 

The instrument is shown in fig ·. 4. The only wetted part is 

a U-tube vibrating at its resonant frequency· excited by 

a magnetic coil. If there is no flow through the tube the 

two legs of the u-tube will have parallell oscillatiens, but 

as soon as there is flow the two legs will twist relative to 

each other. This twist angel is proportional to mass flow rate. 

To explain the mechanics behind the meter, lets first consider 

the coriolis force generally. This is the force caused by 

earth rotation that determine the wind directions around high 

and low pressure areas on the wethe r map. For the same reason 

a train on the northern hemis phere will always lean against the 

right rail on a s traight track. 
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If we look at the boy on the turntable in fig. 4 we see 

that he will be leaning to the left if he is going to walk 

along a straight line painted on the turntable. This is 

because his velocity in the directicin perpendfcular to the 

direction he is walking is increasirgproportionally to 

the distance from the center of the turntable. This velocity 

increase requires an aceleration force(coriolis force) and 

to take up this force the boy have to lean. 

Exactly the .same would happen iz we mounted a straight pipe 

on the turntable. Any volume of mass that was passing 

through this pipe would be accelerated perpendicular to the 

pipe axis. The acceleration force would have to be taken 

from the pipe, and if the pipe was fixed at only one end 

it would therefore bend. If we change the flow direction 

the bending direction will also change. 

Each leg of the U-tube is fixed at only one end and since 

the flow direction is opposite in the two legs the whole 

U-tube will twist. Because the U-tube itself is rotating in 

alternating directions (oscillating ) , the twist angle is 

oscillating at the same frequency. The angle itself can be 

detected as a phase difference between the two "corners" of 

the U-tube. 

Basically the only factor influencing the tube twisting is 

the mass flow, indepent of density, viscosity, temperature 

and so on. 

However since the U-tube is not rotating at a constant 

angular velocit~.but oscillating, the meter is density 

dependent. This is because with changing density the 

oscillation frequency will change. 

The vibration amplitude is determined by .the magnetic force 

and the elasticity of the U-tube. The elasti9ity is 

temperature dependent causing the .me.ter itself to be temperatur 

dependent. 

Both density - and temperature effects are predictable and 

can therefore be compensated. 
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The meter is virtually independent of viscosity, the limiting 

factor being the pressure loss through the U-tube. 

Its also independent of deposits on the tube wall if the 

density of the deposit is the same as the fluid density. 

Corrosion or erosion may cause the elasticity of the U-tube 

to change, thereby changing the calibration. 

The most important limitation on the use of the meter is 

the maximum tube diameter of 50 mm (at least at present time), 

and the requirement of a minimum mass flow rate compared to 

the U-tube mass, making the meter unsuitable for l ow pressure 

gas. 

The original idea behind this lecture was to present results 

from a test of one of these meters. The reason this cannot 

be done is that the U-tube broke after four days operation 

in the flow laboratory. 

Based on technical discussions with the inventor, visit at 

a user and.~heoretical study of the meter, I still regard 

it to be a break-through in direct mass measurement. 

• 
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Fig. 1 Typical vortex meter 

Fig. 2 Vortices behind a 

circular body 
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Fig. 3 Bl uff bodies of different shapes 
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l . Sense and Drive Assembly 
2 . Megne!ic Position Detectors 
3. Ceil Holder and Counterbalar.ce 
4. V ibr!!tinq U-Shaped Tube 
5. Cast Aluminum !:-!01.:stng 
6. r~let1 0u:let 
7. Outlet/Inlet 

Rg. 3 II a person were 
standing at ttie center of a 
meny-91>rcund and tri eo to 
'*alk in a straight.line towa!d 
lhe edge. fie or-She would 
nave to lean Slde;foays 
againS! :he Coriolis torce to 
stay on line. The Corioiis 
force. Fe. canoe caJculated 
using. tne mass ol me · 
person's body. M. :he 
velocitY of travel. V. towam 
lhe eage, and t/'le ;ingular 
veloclfy ol the merry-gir_ 
round, w. ~c 3 2M<:i 'V. 

Fig. 4. 

Flg. 5 In oe>eration. ttle ma$S flow meter forces. fc. and le,. 
create an oscillating moment. M. abOut axis. 0 . 

.. 0 .. 

fi9. II Erd vi- of lt1e U-sl\a4)ed tut>e 
snowmg tne parameteB !or calc\Jlating 
tne torqlle and ns reiationsNP to lt\e 
mass rtow rate. The torque~ on 
the defleclion angle. 8, at tne pipe and 
ils spring constant. K,i. 

Mass £10.W meter 
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