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- Why calibraton? Why traceability to SI-Units?
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Uncertainty of calibration has to be

3 (5) times smaller than the stated Less
accuracy of the device under test or
the maximum permissible error
-»
More

— Asound calibration gives the flow rate error and the

uncertainty in that error

MEDD

Primary reference values

\ NMI
0,05 %
‘ High-end
-callbratlon lab
Master
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— Traceability is a guarantee for quality of calibration

results
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MEDD
- EMRP HLTO7 — Metrology for Drug Delivery =

This project is carried out with funding by the European Union under the
EMRP. The EMRP is jointly funded by the EMRP participating countries
within EURAMET and the European Union.

EMRP N
European Metrology Research Programme -

® Programme of EURAMET

The EMRP is jointly funded by the EMRP participating countries

within EURAMET and the European Union

University Medical Center
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- 3 Types of Primary Standards E

Institule Portugués da wa idade

Gravimetric method
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Flow rates
100 nl/min — 10 ml/min

Dutch
Metrology
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Water front tracking in capillary aﬁgﬂscww

LUBECK

Flow rates University of Applied Sciences

5 nl/min — 1 pl/min

Liquid thermometer method

Flow rates

30 nl/min — 1.5 pl/min
Dutch
Metrology
Institute
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- 3 Types of Primary Standards E

Gravimetric method Water droplet

Flow rates

100 nl/min — 10 ml/min Size 50yl

(Pharmacology,
Wikipedia)

Water front tracking in capillary

Flow rates Flow rate 10 ml/min,
5 nl/min = 1 ul/min time to get the droplet: 0.3 s

Flow rate 100 nl/min, ?5

Liquid thermometer method 500 min (8h 20 min) &g/
working day in Switzerland
Flow rates

30 nl/min — 1.5 pl/min )
H Flow rate 5 nl/min,

Full week (24/7)

MeDD symposium May 22, 2015, UMC Utrecht, NL 6



- Gravimetric Method
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Device Under Test

—
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« 2 types of collecting water in beaker to avoid droplet
formation and minimize evaporation

» 2 principles for flow generator
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Gravimetric setup -
: : .. MEDD
- 2 types of collecting water in beaker to avoid =

droplet formation and minimize evaporation

Water Bridge to Needle immersed into water
waterabsorbing materials in » with oil cover
saturated air

* |n saturated air
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Gravimetric setup

- Flow Generator: 2 principles

MEDD

Constant pressure drop over
capillary tube setting the flow rate

Pressure =T
controller

e

Bellow in watertank

Capillary tube

Syringe pump setting the flow rate

MFC setting the flow rate

<

+

- 2

MFC
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Gravimetric setup —

- Flow generator and water collection method -
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Gravimetric setup

- Micro Flow Facility — Gravimetric setup

Characteristics

Flow rate
range

Uncertainty
(k=2)

Water
temperature

Pressure
range
upstream
DUT

Flow
generator

Water
collection

]
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Institute

1 ml/min — 16 ml/min— 133 ml/min 10 ml/min 16 ml/min -
100 nl/min 100 nl/min - 16 pl/min -50 nli/min 4.2 pl/min

01-06% 0.05-06% 0.04-1% 0.15-6% 0.06-1.4%

Ambient Ambient 10-50°C Ambient Ambient

0-2.5bar 0 —5 bar 0 — 10 bar 0 -2 bar 0 -5 bar

“gn “8n “gn —>0E
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Gravimetric setup

MEDD
- Micro Flow Facility — Gravimetric setup -
Influence factors IEC 60601-2-24
« Degassing water ISO Class Ill water for medical use
* Priming the tubing and the flow meter under test
* Flow rate stability (~ 0.05 %)
« Buoyancy correction of the delivered water  (~ 0.10 %)
* Buoyancy correction of the beaker (~ 0.01 %)
« Evaporation (saturated air or oil layer) (~ 0.008 pl/min)
« Buoyancy correction due to the immersed
tube into the water (~ 0.1 %)
« Jet force out of the immersion tube (~ negligible, but tested)
« Linearity of the balance (~ to be tested)

 Drift of the balance (~ to be tested)
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Water Front Tracking

- Water front tracking in a capillary

Measurement priciple: front tracking system

B . teing distonce

C

A

t1 - to: measurement time
R: radius of the capillary

. dv x1—-x
V= X1 0

- R2
dt t1 —to
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Water Front Tracking —

L : MEDD
- Water front tracking in a capillary

Experimental set-up temperature chamber

fluidic connections

camera, lens and

light source capillary

linear stage
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Water Front Tracking

- Water front tracking in a capillary =

Contact:
Martin Ahrens,
Martin.Ahrens@fh-luebeck.de

Overall uncertainty

10
=i ® 15sec
& [[] 60 sec
o B {300 sec
- A 600 sec
% 6 ® % 3600 sec
2
== ®
QE) 4
E X
% 2
5

0
0 10 20 30 40 50 60

nominal volume flow rate [nL/min]

Flow rates
5 nl/min — 1 pl/min

2.6 %

A

Full week (24/7)
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Liquid thermometer method —

_ MEDD
- Primary standard for nanoflow rates -
Working principle
Outflow
MUT -
Temperature
controlled tubing
Inflow pure
& degassed
water
Temporal
controlled M Vvalve
temperature bath

— F.Iow |
direction
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Liquid thermometer method

_ MEDD
- Primary standard for nanoflow rates -
Design cooling down to
ambient
supply connections
degassed for TTs MUT o
water \
| - ||
supporting structure
water level
_/
Contact:
Flow rates reservoir Peter Lucas,

30 ni/min — 1.5 pl/min
Uncertainties: 3.0 % - 2.5 %

PLucas@vsl.nl
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- Validation of primary standards E
by means of inter comparison

EURAMET project 1291 / EURAMET.M.FF-S7
« Comparison of primary standards for liquid micro flow rates »

Internal report of MeDD (D 2.3.4)
« Comparison of primary standards for liquid nano flow rates »
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-

Validation of primary standards
by means of inter comparison

EURAMET project 1291 / EURAMET.M.FF-S7
« Comparison of primary standards for liquid micro flow rates »

Deviation (%)
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Degree of Equivalence <1
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Micro Flow Facility — metrological
Infrastructure for low flow rate testing

Testing and calibration of

* Flow meters

* Flow generators
o Syringe pump
o Peristaltic pump

o Insulin pump

Within this infrastructure it is possible to perform
calibrations for different viscosities, temperatures and
back pressure.
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- Micro Flow Facility - Contacts

Gravimetric setup

Flow rates
100 nl/min — 10 ml/min

Liquid thermometer
method  Flow rates

5 nl/min = 1 pl/min

Water Front Tracking

Flow rates
30 nl/min — 1.5 pl/min

Hugo Bissig

9 METAS ' Hugo.Bissig@metas.ch
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Elsa Batista
ebatista@ipq.pt
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MICRS FLOW
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