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Interface tracking method

» Principle (example at CETIAT)

» Uncertainty budget (example at CETIAT)
» |IPQ & THL Interface Tracking Setups

Can go down 1 ul/h with 7 % uncertainty

Pendant drop method
» Principle (example at CETIAT)
» |PQ Pendant Drop setup =EREE
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Optical nano-flow standards

e Micro-flow =1 ml/h (16 pl/min) to 1 L/h (16 ml/min)
1 drop/ minute to 5 drop/ second

* Nano-flow =~1 ul/h (16 nl/min) to 1 ml/h (16 pl/min)
1 drop/ month to 1 drop / minute
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Implantable Infusion
Pumps

Insulin Pumps

Flow rates range : 0,048 ml/day = 3 ml/day Basal rate: 0,02 U/h = 50 U/h
QL min= 33 nl/min QLmin= 3 nl/min
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Optical nano-flow standards: applications (TC ETIAT MEDD [

Implantable Infusion

Insulin Pumps
Pumps

Need to be calibrated against primary
standards to ensure the traceability of
measurements to the I.S. of Units!

Flow rates range : 0,048 ml/day = 3 ml/day Basal rate: 0,02 U/h - 50 U/h
QL min= 33 nI/min QL min=3 nI/min
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=>» To develop primary standards down to 5 nl/min with expanded
uncertainty of 2% (k=2)
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Gravimetric Method

CICETIAT
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1 /, cofrac

ETALONNAGE
ACCREDITATION
N° 2-57
DEBIMETRIE
LIQUIDE

PORTEE
disponible sur
www_cofrac_fr

CETIAT’s micro-flo bench

The laboratory of liquid flow and micro-liquid flow measurement is
COFRAC accredited for flow rates going down to 16uL/min with best
U(k=2) =0.1%
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e Ongoing PhD Thesis collaboration
e PhD student: Abir Wissam Boudaoud

B TC ETIAT (river
ESPCI E] PARIS PSL*

Florestan OGHEARD

Teresa LOPEZ-LEON and Joshua D. McGraw

=» Development of a primary standard for nano-flow rates of liquids
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Vertical translation
stage

Flow
generator

Translucide Capillary

Plate

Camera

CETIAT’s Interface Tracking
calibration system

Rotary 3 Horizontal
stage translation stages

Generator
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Vertical translation
stage

1. Generation of a liquid flow

Flow
generator

-
-
-
-
-
-
-—

2. Image acquisition of the
liquid/air interface once this one
enters in the camera’s field of
view

Translucide

3. Measurement of the interface’s
displacement by image Sres
processing

Rotary 3 Horizontal Generator
stage translation stages
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Apply function
templateMatch

’ AX(t1,t2) = X2 — X1

Extract a template from
Imagel

Template

Eau Air

suE Ny,
- H l.

At

Imagel (t1) Image2 (t2)
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Y
Extract a template from Apply function
Imagel templateMatch

= X2 -X1

Air

At

Imagel (t1)
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Flow rate: Qy=v.mR?=

X
"

2 2 2
Measurement uncertainty : u(Qy) = \/(%) .uz(d)+(%) .uz(x)+(aQ") UA(t)

digmeter ———— & /
e N

e

e =
C I Camera resoo;;l;:l;ir:/e Calibration of the signal generator
amera resolution :
Objective n;icr_ct)_met_er EXDOE":; time
micrometer osition In
Camera Position in the Camera the focal Temperature effect
calibration focal plane calibration p_Ia_me :
Position in the Position in
field of view the field of I '
i i view _ - -
Intensl:l)t:;ﬁproﬂle Correlation function Linear fit residus from x=f(t)
Temperature effect Motion blur Thermal expansion
Motion plane angle Evaporation

For 5 nl/min :
U(Q,) = 11 % (k=2) for a 1 second measurement at 5 fps
U(Q,) = 0.5 % (k=2) for a 120 seconds measurement at 5 fps
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Flow rate: Qy=v.mR?=

X
"

2 2 2
Measurement uncertainty : u(Qy) = \/(%) .uz(d)+(%) .uz(x)+(aQ") UA(t)

digmeter ———— & /
e N

e

e =
C I Camera resoo;;l;:l;ir:/e Calibration of the signal generator
amera resolution :
Objective n;icr_ct)_met_er EXDOE":; time
micrometer osition In
Camera Position in the Camera the focal Temperature effect
calibration focal plane calibration p_Ia_me :
Position in the Position in
field of view the field of I '
i i view _ - -
Intensl:l)t:;ﬁproﬂle Correlation function Linear fit residus from x=f(t)
Temperature effect Motion blur Thermal expansion
Motion plane angle Evaporation

For 5 nl/min :
U(Q,) = 11 % (k=2) for a 1 second measurement at 5 fps
U(Q,) = 0.5 % (k=2) for a 120 seconds measurement at 5 fps
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Uncertainty Budget

Flow

Objective micrometer at different
positions in the focal plane

Focal plane during calibration

Possible focal planes
| range during
| I / measurements
micrometer
Camera Position in the C S i
calibration focal plane calibration plane
Position in the Position in
ield of view the field of
ntensity profile view - - -
Drzftp Correlation function Linear fit residus from x=f(t)
Temperature effect Motion blur Thermal expansion
Motion plane angle Evaporation

For 5 nl/min :
U(Q,) = 11 % (k=2) for a 1 second measurement at 5 fps
U(Q,) = 0.5 % (k=2) for a 120 seconds measurement at 5 fps

EMPIR
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Uncertainty Budget

Flow rate: Q,=v.wR?==>.%R?

Measurement uncertaint

Camera resolution

Camera
calibration

|t|on |n the |

Inten5|t : rofile Correlation function Linear fit residus from x=f(t)
Temperature effect Motion blur Thermal expansion
Motion plane angle Evaporation

For 5 nl/min :
U(Q,) = 11 % (k=2) for a 1 second measurement at 5 fps
U(Q,) = 0.5 % (k=2) for a 120 seconds measurement at 5 fps
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Uncertainty Budget

Flow rate: Qy=v.mR?=

2 2 2

Measurement uncertainty : — ' i -
EVALUATED BY SUCCESSIVE CALIBRATIONS AND
i AT DIFFERENT TEMPERATURES

c e Camera resoo;;l:lc?c;:/e Calibration of the signal generator
amera reso lcj)g?:ctiv micrometer Expoi)ur?t time
i " Position in
Camera Pg?:,lisi? t;e Camera the focal Temperature effect
calibration : calibration plane
lon in the Position in +
feld of view the f_Ield of
b TP view - - -
Drift Correlation function Linear fit residus from x=f(t)
‘ Motion blur Thermal expansion
Motion plane angle Evaporation

For 5 nl/min :
U(Q,) = 11 % (k=2) for a 1 second measurement at 5 fps
U(Q,) = 0.5 % (k=2) for a 120 seconds measurement at 5 fps
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Uncertainty Budget

Flow rate: Qy=v.mR?=

Measurement uncertainty :

diameter

Camera resoll‘.ltlo_n Calibration of the signal generator
Camera resolution Objective Exposure time
Objective micrometer Drift
micrometer Position in Temperature effect
Camera Position in the Camera

calibration

calibration focal plane
Position in the
field of view
Intensity profile
Drift
Temperature effect

Linear fit residus from x=f(t)

Thermal expansion
Motion plane angle Evaporation

For 5 nl/min :
U(Q,) = 11 % (k=2) for a 1 second measurement at 5 fps
U(Q,) = 0.5 % (k=2) for a 120 seconds measurement at 5 fps
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Uncertainty Budget

Flow rate: Q,=v.mR?="1.

Distance D travelled by the interface during exposure time:

Measurement uncertainty :  u( D = v.toxposure

diameter V: Interface displacement velocity

Camera resolut

. texposure: €XpoOsure time
Camera resolution

Objective n;ict?_me er it
micrometer osition in
Camera Position in the Cgmer:a the focal Temperature effect
calibration focal plane calibration

Position in the
field of view
Intensity profile
Drift
Temperature effect

+

Linear fit residus from x=f(t)
Thermal expansion
Evaporation

For 5 nl/min :
U(Q,) = 11 % (k=2) for a 1 second measurement at 5 fps
U(Q,) = 0.5 % (k=2) for a 120 seconds measurement at 5 fps

EMPIR
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Uncertainty Budget

Flow rate: Q,=v.mR?="1.

Distance D travelled by the interface during exposure time:

Measurement uncertainty :  u( D = v.toxposure

diameter V: Interface displacement velocity

Camera resolut

. texposure: €XpoOsure time
Camera resolution

Objective n;ict?_me er it
micrometer osition in
Camera Position in the Cgmer:a the focal Temperature effect
calibration focal plane calibration

Position in the
field of view
Intensity profile
Drift
Temperature effect

+

Linear fit residus from x=f(t)
Thermal expansion
Evaporation

For 5 nl/min :
U(Q,) = 11 % (k=2) for a 1 second measurement at 5 fps
U(Q,) = 0.5 % (k=2) for a 120 seconds measurement at 5 fps

EMPIR
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Uncertainty Budget

Meas > | (lp

cosy + tan Bsiny

Camera
calibration

Intensity profile
Drift
Temperature effect

Linear fit residus from x=f(t)
Thermal expansion

Motion plane angle Evaporation

For 5 nl/min :

U(Q,) = 11 % (k=2) for a 1 second measurement at 5 fps
U(Q,) = 0.5 % (k=2) for a 120 seconds measurement at 5 fps
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Uncertainty Budget
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For 5 nl/min :

a 1 second measurement at 5 fps
r a 120 seconds measurement at 5 fps
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Uncertainty Budget
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Slip & Stick Effect

® Coated capillary
Uncoated capillary

Uncoated
capillary

Mean relative residual standard error (%)

22 T
§
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= J R
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g 8§ 8E 2
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Mean linear fits residuals in the coated (blue) and uncoated (orange) cases

Coated
capillary

kS
water " °
o

Linear fit residus from x=f(t)
Thermal expansion

| Motion plane angle |

For 5 nl/min :
U(Q,) = 11 % (k=2) for a 1 second measurement at 5 fps
U(Q,) = 0.5 % (k=2) for a 120 seconds measurement at 5 fps
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Dynamic flows

Interface Positions vs, Time
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Interface Positions vs. Time
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Interface Tracking: calibration example
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Flow generator
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Interface Tracking setup at IPQ (Portugal)
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The experimental setup consists of using a
high-resolution camera and an Phyton image
processing software to track the distance
traveled by the meniscus of a liquid in a
capillary tube and calculate the flow rate.

To determine the position of the meniscus
over time it was assumed as reference the
position of the point that is in the axis of
the capillary and coincident with the
meniscus.
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Can go down 1 uL/h with 7 % uncertainty
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Interface Tracking setup at THL (Germany)
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high speed camera

magnifying telecentric
lense

capillary

Light source,
LED collimated
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Capillary
fixation

Space for flow High-speed camera

source and device Telecentriclens  Capillary Light source
under test

Viicrometer screw
for horizontal
adjustment

Micrometer screw
for vertical
adjustment

facility used between 50 nl/min and 500 pl/min.
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Components

1. Optical table

2. High speed camera

3. Light source

4. Precision Linear Stage

5. Device under examination
Flow dosing unit
Flow sensor
Capillaries
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Pendant Drop Method at CETIAT (France)
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Pendant Drop method at CETIAT (DCETIAT MEDD 1
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Liquid
flow

Pendant

drop
High
resolution - I Back light

camera

Measurement of the change in the droplet’s
volume over time under a liquid flow Q —_
V —

AVdroplet
At
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Pendant droplet
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Pendant Drop method at CETIAT

droplet volume (L)

Droplet volume vs. time
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Droplet volume vs. time

MEDD II
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—— Linear regression
= Droplet volume as a function of time
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Pendant Drop Method at IPQ (Portugal)
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The delivered liquid flow was determined by
observing the volume increase of a drop at the
end of the flow line placed inside an
evaporation trap.

This observation was performed at a
specific time by using photographs taken
by a digital USB microscope with 400X

magnification and a Phyton software for
image treatment.
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1. Interface tracking method
» Principle (example at CETIAT)
» Uncertainty budget (example at CETIAT)
» |IPQ & THL Interface Tracking Setups

2. Pendant drop method
» Principle (example at CETIAT)
» |IPQ Pendant Drop setup
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