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Schematic of Dynamic Gravimetric Flow Standard
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Sample Data Set: Mass and It’s Time Derivative

back and forth flows
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1) Buoyancy corrections 2) Least squares best-fit (N ≥ 150) 3) Hydrostatic and evaporation corrections
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Repeatability, flow stability, 

hydrostatic correction

Evaporation
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For 100 µL/min…



Change in Mass (with Buoyancy Corrections)
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At low flows: balance zero drift (0.16 µg/min) At high flows: balance calibration (0.03 mg/g)

Small mass components:

• Resolution (0.1 µg) and 

• Buoyancy (correction is 0.12 %, but uncertainty only 5 PPM)
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Type A repeatability: 

standard deviation of 5 averages
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Correction ~ -0.01 µL/min, standard uncertainty = 0.002 µL/min
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Standard deviation of 5 one-minute averages
NOT re-zeroed



-40

-30

-20

-10

0

0 0.2 0.4 0.6 0.8 1 1.2

(M
U

T
 -

R
e

f)
 /

 R
e

f 
x 

1
0

0
 [

%
]

Flow [µL/min]

11/29/2018

11/30/2018

12/2/2018

12/3/2018

12/7/2018

spec

spec

Thermal Meter E



• Improvements: liquid bridge, evaporation trap, camera, pipette 

positioner 

• Derived flow equations and presented uncertainty analysis

• At high flows: repeatability and hydrostatic corrections

• At low flows: evaporation corrections and repeatability

• Calibrations of commercial meters: stable within 1.5 % for many 

months

• Flow meter uncertainty in user’s application can be significantly 

improved (3x) by calibration against a reference flow standard

Summary and Conclusions
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