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} Presented at the CEESI Ultrasonic Workshops in Singapore and Colorado 
Springs in 2010.

} Used common installation types (straight pipe, elbows out of plane and 
tees out of plane) to compare empty pipe vsAGA-3 tube bundles vsCPA 
50E.

} Demonstrated that in high swirl configurations, a plate based flow 
conditioner such as the CPA 50E will outperform obsolete technology such 
as a tube bundle.

} ¢ƘŜ ǇǊŜǎǎǳǊŜ ŘǊƻǇ ƻŦ ǘƘŜ /t! рл9 ƛǎƴΩǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŀǘ ƻŦ ǘƘŜ 
tube bundle.
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} Tube bundles were thought to be advantageous because of their low 
pressure drop.

} They are effective at removing the swirl only.

} It has been found that the low pressure drop is why tube bundles are 
problematic.

} òStraighteningó the flow doesnõt fix the flow structure, it simply 
removes the swirl.

} When using a tube bundle, its very easy to end up with an extremely 
distorted flow profile.



} Even in straight pipes with minimal installation effects, tube bundles 
are problematic.

} At distances of 10D from the tube bundle, a fully developed flow 
profile is not present.

} The profile is overly flat or even inverted (a majority of the flow 
energy is at the pipe walls).

} Straightening vanes need straight pipe to finish off their flow 
conditioning and regenerate the flow profile.

} Tube bundles themselves become an installation effect that we have 
to be concerned about!



For these runs, the tube bundle 

is placed 10D from the inlet of 

the meter tube.

The flow profiles are shown at 20D, 

30D, 40D from the inlet of the meter 

tube.
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At 20D from the meter tube inlet (10D from the 

tube bundle) a flat flow profile is present.  It does 

not become fully developed until 30D (20D from 

the tube bundle).
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At 20D from the meter tube inlet (10D from the 

tube bundle) a distorted flow profile is present.  It 

does not become fully developed until 30D (20D 

from the tube bundle).
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At 20D & 30D from the meter tube inlet (10D & 

20D from the tube bundle) a distorted flow profile is 

present.  It does not become fully developed until 

40D (30D from the tube bundle).



} The most effective flow conditioning device is a plate based flow 
conditioner.

} These can properly isolate the flow meter from upstream 
disturbances and installation effects.

} They condition the flow by causing a very abrupt pressure drop and 
increase the gas velocity 2 ð3 times through the thickness of the 
plate.

} This pressure drop and flow acceleration òresetsó the flow profile 
while destroying swirl and other unwanted flow structures.
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*Distances are measured from start of straight pipe.  Flow conditioner is at 10D. 
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*Distances are measured from start of straight pipe.  Flow conditioner is at 10D. 



} Hole sizing and positioning is very important when dealing with flow 
conditioners.

} Minor changes in the layout of the plate can cause significant 
problems in the development of a fully developed flow profile.

} This can be further amplified by changing the pressure drop that the 
plate creates;

Ɓ Decreasing the pressure drop reduces the ability for the plate to create a fully 
developed flow profile.

Ɓ Increasing the pressure drop can result in certain holes beginning to choke, 
redistributing the flow leaving the flow conditioner.
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} From a fluid dynamics standpoint, a flow conditioner requires two 
things:

} An effective hole layout.

} A significant pressure drop.

} There is a delicate balance to these requirements and the law of 
diminishing returns is valid when considering flow conditioner 
effectiveness vs pressure drop.



} The next few slides compare a tube bundle and a perforated plate 
flow conditioner.

} They are exposed to extreme swirl using a swirl generator in a pipe.

} This far exceeds the amount of swirl that can be experienced in real 
world circumstances.
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Velocity Velocity Swirl P1 P2 Bulk Density K deltaP

(fps) (m/s) (Degrees) (kPa) (kPa) όˊύ (kPa)

50 15.24 0 5598181 5458170 36.84 32.73 140011

50 15.24 20 5591067 5471339 36.74 28.06 119728

50 15.24 45 5560318 5497955 36.68 14.64 62363



} ά¢ƘŜǎŜ ƎǊŀǇƘǎ ŘƻƴΩǘ ŀǇǇƭȅ ǘƻ Ƴȅ ǎŎŜƴŀǊƛƻΣ LΩƳ ŦƭƻǿƛƴƎ όƛƴǎŜǊǘ ŦƭǳƛŘ ƻǘƘŜǊ 
ǘƘŀƴ ƳŜǘƘŀƴŜύ ǘƘǊƻǳƎƘ Ƴȅ ƳŜǘŜǊ ǎǘŀǘƛƻƴέ

} άLΩƳ ƴƻǘ ŦƭƻǿƛƴƎ ƎŀǎΣ LΩƳ ŦƭƻǿƛƴƎ ƭƛǉǳƛŘΣ ƛǘ ōŜƘŀǾŜǎ ŘƛŦŦŜǊŜƴǘƭȅΗέ

} This presentation will demonstrate that various fluids behave the same 
when flowing.

} This presentation will also illustrate the difference that does exist between 
liquids and gases.



} It is commonly assumed that flow conditioning liquids (ie. Water) is 
significantly different than flow conditioning high pressure gases (ie. 
Methane).

} Functionally, there is no difference!

} A properly designed flow conditioner can effectively be used in a range of 
liquids and Reynolds numbers.

} The only concern will be the pressure drop since the flow conditioner K 
factor is proportional to the fluid viscosity.  The flow conditioner pressure 
drop is also very dependent on the density of the fluid.




