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Overview 

ÅDeparting point 2013 

ÅUpdate on Primary Standard Loop 

ÅUpdate on Mid Scale Loop 

ÅChallenges 

ÅConclusions & questions 



 
 

Busy with the next step 

Primary 
Standard Loop 

Completed 

Mid-Scale Loop 

Under 
construction 

Full scale 
facilities 

       ?? 

10 - 25 m3/hr 
4 -12 ton/hr 

10 ς 200/400 m3/hr 
5 ς 100/200 ton/hr 

200 - 4000 m3/hr 
100ς 2,000 ton/hr 

2009          2013                  2017                            2020                    



Performance Primary Standard* 

5 *)  Metrology for LNG conference, 17-18th October 2013, Delft, the Netherlands 

Outlyers? 

Norwegian source 
of traceability  



Overview all calibrated aCaΩǎ at LNG 

6 Metrology for LNG conference, 17-18th October 2013, Delft, the Netherlands 

Deviation  2 out of 3 meters > 0.3%  K 

J 

K 



Conclusions 2013 

ÅFirst primary standard for flowing LNG is realized,  
Qmax  5 kg/s.  Uncertainty:  0.12~0.15%   

ÅMust be improved (0.10% within reach) 

ÅGained much experience safely operating LNG! 

Å3 CFM,  deviations from watercal:  0.1% ~ 0.5% 

ÅAlso applicable  for larger flow meters? . 

ÅĄUpscaling to a larger facility! 



Functional design specs MidScaleLoop 

ÅTarget  uncertainty: <0.15% (0.1% due  to prim stnd) 

ÅMuT sizes:   1 ς у ά όнр ς 200 mm) 

ÅMuT types:   CFM, USM, Turbine, DeltaP, Vortex 

ÅFlow range:   10 ς 200 m3/ hr (4 ς 80 ton/hr) 

ÅFlow stability:   <2% , <0.2 Hz 

ÅPressure range:    1 ς 10 Bar(g) 

ÅPressure stability:   <0.2 bar/min 

ÅTemperature range:  -175 to -123 °C 

ÅTemperature stability:  <0.2 °C/min , <1 °C/hr 

 



Physical proces of MSL 
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Inititial process 
condition 

Pressurize by 
PBU 

Cool down by 
evaporation of 

LiN 

Heating up 
by 

pumping 



 3D model  Mid Scale loop (MSL) 
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Simplified  process flow diagram Mid Scale Loop   



 

 

 

 

Setup  Mid-Scale Loop   



 

 
Master 
meters+ 
coldbox,  
 
ready for 
transport   

Ccold N2 waste from coolers 



 

 
Pump set 
(submerged  
ƛƴ ΨǎǳƳǇΩύΣ 
 
ready for 
transport   



 

 
Heat exchangers 
Ready for 
transport   



 

 

Cold N2 Diluter/warmer:  

Tested, 

ready for transport   


