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Plan 
• Determine the properties of mixing volumes 
• Use high frequency concentration data and filter them 
• Test different filtering and sampling scenarios  
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TUBE 
150 m long, 4 mm inner diameter 



Impulse function 

ICOS2 



Step function 
 



Impulse function 
3 L/min 



Step function 
3 L/min 



)/exp(
)()1()1()(

tta
IxaIyaIy

D-=
×-+-×=

Recursive filter 



τ = 1 min 
τ = 8 min 

3 hours 
5 s resolution 



Scenario 
15 levels switched in 20 s steps 
The same level is measured every 300 s 
30 min averages 

No mixing volume 



τ = 1 min 



τ = 8 min 

τ = 8 min and shift by 300 s 



Conclusions 
*Design matters 
*Direct flow should be avoided 
*Higher pessure and lower flow rate give better mixing 
*If sampling freqency low, 
  then mixing volumes improve the accuracy of averages 
*Too effective mixing might introduce time shift 
   that should be taken into account 



Thank you! 
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