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Microflow sizes IVIEDD 1
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* Flow rates from 100 nL/min and down to 15 nL/min =>
6 mL/h to 0.9 uL/h

Flow rate 100 nL/min,

time to get the droplet: 50 min
Water:

Flow rate 15 nL/min, . 5UL=5mg
time to get the droplet: 5.6 hours

10 g Balance with 6 decimal places (Hg)
0.005000 g
5000 divisions (out of 1e7)




Gravimetric calibration method MEDD 1
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Steady flow:
Q _ Vdelivered
vol Atime

Vaetivereda = Vfinish — Vstart

Atime = trinish — tstart

_ _Mass  pensity is a function of temperature
density and is different from fluid to fluid




Gravimetric method

The gravimetric method relies on weighing the mass of the working fluid delivered
by or flowed through the DUT (Device Under Test) for a set time.

Steady flow (down to = 15 nL/min)
Dynamic flow (down to = 83 nL/min)

MEDD ||
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DUT

Device Under Test

* Flowmeters

* |DA
* Etc.

DUT:

* Insulin pump
* Syring pump
* Pain pump

* Etc.
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* Evaporation

* Water degassing

* Priming the tubing and the flow meter under test
* Flow rate stability

* Timing/measurement of time

* Temperature stability

* Buoyancy correction of the delivered liquid

* Buoyancy correction due to the immersed tube into the liquid
* Jet force out of the immersion tube

* Stick/slip of needle and liquid

* Drift and Linearity of the balance



Evaporation traps MEDD 1
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Evaporation rate from uncovered beaker is in the range of 40 nL/min which is more than the double
of the lowest target flowrate of 15 nL/min.

- dependent on ambient condition as humidity, temperature etc.

- With oil cover it can be lowered to 2-3 nL/min (must be adjusted for)

Water Bridge to water-absorbing Needle immersed into water Needle immersed into water
materials in saturated air with oil cover with saturated air around




Flow stability

- Generating flow

Constant pressure drop over capillary
tube setting the flow rate

Pressure =
controller

)

Bellow in watertank

A N
&

Capillary tube

Syringe pump setting the flow rate

MFC setting the flow rate

+

MFC

-

MFC setting the flow rate

+

MEFC

»

MEDD I
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MFC = Mass Flow Controller



Flow and balance stability MEDD 1
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Amass = Mginisn — Mstart

Amass

Qaverage -

Atime

a A
Calculated flowrate Balance Uncertainty e.g.
%= due to vibration
(eT0]
=
®
2 g
g Average flowrate o
2] Uncertainty due
© |<——’|
EO \’/ \ S to timing
7 \J \J L
: - > Uncertainty e.g. ‘ >
start time finish due to vibration finish

Uncertainty due
to timing 8



Weighing MEDD I

- stability

e Stable support — minimize vibration
* (Granite table on flex support —rubber feet)

* Temperature stability
* Shielding against convection
* Avoid static electricity




Timing I\/IEDD 1

« Traceability R

e Steady flow

| |
o _ AV _ A(m/p) I :
Qy = At At i i
| !

, > our [T
* Example: E i i
e At =100s iDevice nder Testi
| |
*u=0.1s i i
° ﬁ — 0 l :
= AL 0.1% i i
I |

* Dynamic flow profile

d
. dQ, = (Ztt/p)

5.125 mA
5254 g

Data acquistion and timestamping
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Archimedes’ principle

@ 2012 Encyclopaadia Britannica, Inc.
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Buoyancy correction MEDD 1

- Buoyancy of the delivered liquid e D
Pair p,; is a function of air
1-— Pwei temperature, barometric
m = m . wetght pressure and humidity
corr uncorr _ pair

Piiquig IS @ function of
pliquid temperature

F, gravity

10.000342 ¢ 3.048416 g
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Buoyancy correction MEDD 1
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- Immersion of tube into the liquid

Needle is fixed

I Fneedle

It’s only necessary to calculate buoyancy corrections
for Amass

Ftotal = Fgravity + Fneedle - Fbuoyancy

F gravity
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Buoyancy correction IVIEDD 1
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- Immersion of tube into the liquid

Needle is fixed

1 Fstick

Ftotal - Fgravity + Fneedle - Fbuoyancy + Fstick

14



Temperature stability | MEDD I

Effects of changing temperature: Flow generated by expansion
* Weighing/balance * Example: 1 m SS tube, ID =1 mm
* Flow-meter reading * Temperature: 23 °C — 24 °C

e Water: AV =121 nl

e e b _ e Tube: AV = —12 nl
Ow generated by expansion e Sum: AV =109 nl
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 Mass flow vs. Volume flow

e If At = 6 min — flow = 17 nL,/min
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Flows (;:Lihr)

Lufttemperatur

Temperature stability Il

(before insulation)

Results of batch; CalibrationID = 1374
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Pump
stopped!

\

Air conditioning

Flowy (z:Lihr)

(after insulation)

0 50 100 150 200 250 300
Calibration No.

Resolution (for 10 min measurement):

L0 _0.001325% = 0.06 pi/hr
10 min 600
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Temperature stability Il
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Temperature stability IV: MEDD 1

- What can we do? —_—

v/Stabilize lab temperature

v'Large heat capacity

v'Heat conducting shield (= isotherm)
v'Isolating screen

 Short tubes with small ID (Inner Diameter) |

* Stabilization of setup by water cooling/heating

18



Displacement by needle

Check: Weight vs needle height

Weight (g)

MEDD II
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9.048¢
9.046
©)
= 9.044
<
o4 9.042
O 9. B
=
9.04
9.038
9.036 : : : :
0 5 10 15 20 25
Needle height (mm, offset)
9.048 [ 556660
9.046 - 100009
9.044 booeg
9.042 - goO-OQ
9.04 boooo_
9.038 ' : ' : : 50000
20 25 30 35 40 45 50 55 19
No.



Emptying the beaker I:

- What do we do when the beaker is full?

e Option 1: Replace with a new
* Manual process
* Thermal pertubation
* in practice: only small flows

* Option 2: Pump out
e Automatic process
 Thermal steady state
* Increased flow rate

DTI 2> Am = 4 g = Flow;,4, = 1 ml/min

20



Emptying the beaker II:

- Example of beaker pumping system

Beaker

* Siphon

Siphon
* Control: 6-port valve
e Control signal: Weight

« 9.5g 2 Empty
« 5.5g - Fill

Alternative: Insert
separate needle / syringe

(-pump)

Priming 21



Example of setup (DTI)
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