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1. Objectives of this tutorial
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ojectives of the tutorial session

5

Main goal : presentation of the correlation method

-Description of the experimental bench
-Microfluidics
-IR Thermography

-Perform real time treatment

-Matlab

-See the application of the method to different topics
-Flow characterization

-Source term detection (chemical reaction or phase change)

Metti’ Roscoff June 13 -18 2011 .



-
N o
%E%

2. Microfluidics systems
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Microfluidics Systems

Stakes and challenges

Chemistry (Lab on 5-:ghip)
\ 1

Everyday life

(Micro Electro Mechanical Systems)
Biological tests
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Microfluidics Systems

Thermal characterization

Chemical, pharmaceutical, medical industries...

Challenge

»
»

N

Field of application: chemical reaction (Rhodia)

Controlling the reaction

Data acquisition
Safety

Microfluidics chip

/Thermochemical properties in
microfluidics

Thermodynamics and
kintetics data

Reactor design

-

Acid/base droplets reaction, film 600 fps

Thermal analysis tool
Scale (= 25 um)
Quantitative measurements

(= W, mK, ms)
Difficulties :
Instrumentations, inverse methods

\

=%

Heterogeneous, small sizes, volumes and heat flux...
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Thermal - Energy

Energy conversion

Electronics (puchip), MEMS,
Chemistry (preactors),

InfraRed Thermography

Instrumentation for measurement

of temperature field
Multiscale

Hm-cm

A

L
Microsystem

Size reduction

Fast acquisition

Microfluidics Systems

/Data acquisition \

Mass data treatment

Inverse methods
Thermal properties

\ Energy control

/

Metti® Roscoff June 13 -18 2011



-
N o
%E%

3. Experimental Setup
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1M Experimental setup
Microfluidics chip
1. Positive mold
2. PDMS resin pouring + reticulation
3. Unmolding
4, Inlet and outlet drilling
5. . Glass slide bounding
____________________________________ Glass slide
uchannel
PDMS resin

Metti' Roscoff, June 13 -18 2011 9
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Experimental setup

InfraRed Thermography for microfluidics systems

1D thermal gradient
Distorted by microflow

IR temperature fields

IR camera

glass slide
" — PDMS
= ]

Flowrate Q =500 to 1500 uL/h

Push Syringe

Outlet

Silicon wafer

Metti® Roscoff June 13 -18 2011
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4. Modeling of a microfluidics system
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ddeling of a microfluidics system
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3D scheme of used microfluidics chip

’ Glass Thin layer
170 pum ) .
A=1WmlKl Highly conductive

4-' Microchannel
, 200 pm
A=0.6 W.m1K1
FLOW

PDMS Thick layer

lcm
A=0.1 WmlKl Insulator

Assumptions:
Geometry , thermal properties of layers, flow => 2D model (x,y) for IR measurements

Averaged over z direction
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Modeling of a microfluidics system

Heat equation inside the microchannel
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Modeling of a microfluidics system
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Heat equation inside the glass plate
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Modeling of a microfluidics system
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Overall heat equation

Local thermal equilibrium between the averaged temperatures: T =7=T

(92T (x,y,t) 3°T(x,y,t)
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Overall heat equation

[ ATE + O = pe-¥ Tk +(
What we measure : T
What we want : ()] Pe Fo
Source term velocity Thermal

diffusivity

Play with the model

create different operating conditions in order to estimate different parameters.

odeling of a microfluidics system

Metti® Roscoff June 13 -18 2011
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pdeling of a microfluidics system
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“Step by step” approach

Without heat source

Steady state ATY = Pe*;Txf; Calibration of Pe
Transient state flow OFF a7 = P~ )Tf:}. Calibration of Fo
Transient state flow ON  ar* = per¥ 12% + ( - E )Tr.'“_', Calibration of Fo and Pe
' ’ 4 \ O.?"‘v .2
velocity‘ temperature
v I
Pe* \Fo* ﬂPe*
=~ >
0 >
time
With heat source
Steady state AT + Py = Pe* T, Estimation of Pe and @
. x x ey LK . .

Transient state g by S ey & (_.FO.;‘)TT:.; Estimation of Pe, Fo and @

Metti’ Roscoff June 13 -18 2011 17
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5. The correlation method
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The correlation method

The correlation coefficient: S
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Example with steady state, no heat source:

ATE = Pe*{,Txt, oo Y =AlX

. . _ I(Y-Y)(X=X)
A Correlation between Y and X: Six NN TS

+1 +0.8 +0.4 0 -0.4  -0.8 -1

v DN

v

T AT, ;- Tx,

Sx,

On the same principle, correlation between AT and Tx - \_'.(Ef;;}""'-\T.-.;):-\.‘J(Z?S;Y‘*T"':.;):

=> Look for values of +1, meaning the model is valid

Metti’ Roscoff June 13 -18 2011 19



The correlation method
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The spatial correlation coefficient

Steady State, no heat source . AT", = PE“J.T?.“‘, velocity temperature
Pe* \Fo* ﬂf’e*
»le f N
0

time

| T ) | X,

Spatial correlation between AT and Tx

NX v.‘:—.‘{.‘cAT Py
¢ ’ 8%, . = — = = = for n€[1;{] —Nx)]

i) Ir 'S“'_':""AT :I : ,E:‘__‘:\‘ Tx. -

— JEear, . ((Errs,)
| ,j (on=Nx 2
.’ {.-’-v*;;‘: AT;.; )

8 =1 ey =Su ) | Pe*,

3 Jepmey
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The correlation method

The temporal correlation coefficient

° - f 1 ’ Vi i
Transient state, no heat source : 275 =(—; )Tr:‘,- eloctty, remperature
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time
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| E-'-c=.".' AT.')
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. \ e
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6. Some experimental cases

Metti’ Roscoff June 13 -18 2011
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I:.»D%% Experimental work

Experiment 1 : Steady state

velocity temperature
Pe* \Fo* ﬂPe*
> i >
0 >
time
- T0 (T-TO)
Q = 500 U.L/h A Q = 0 U-I-/h Température (s)

7600
20

40
7400

60

80

7200
) m. ’

7000 190

Py

140

GE00
160

180
GE00

200 L L L
50 100 150 50 13? 150
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Experimental work
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Experiment 2 : Transient state

velocity temperature

v -
Pe* \Fo* ﬂ Pe*

—

time
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Experimental work

Experiment 3 : Phase change
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The supercooling theory:

T°C

Liquid Temperature T,

Freezing Temperature T,

initial formation of

solid ice layer _
complete formation
growth of ice of solid ice layer
| supercoolit crystal
|, degree

Nucleation Temperature T |* "

~._occurrence of
| " nucleation

Solid Temperature T, J

t
i liquid water | i : liquid water + ice

Metti’ Roscoff June 13 -18 2011 25
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Experimental work

MATLAB, temperature fields processing

Metti' Roscoff, June 13 -18 2011 26
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7. Results
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Experiment 1: Steady state
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Pixel in y direction (-)

Distance (cm)

Experiment 2: Transient state

Initial frame

0.1

0.2

0.3

0.

0.

) 0.5 1 15 2.5 3 3.5 4

Distance (cm)

o
o

o
g

o
©

o
©

Instant correlation coefficient

f‘i‘ I|-|il:-|-ltl"|-...

e T e ".ﬁ---.
ﬁil'. 'ir'.'-ﬂ-l i 'JIE'.':; i it

10 20 50 60 70 80
Plxel in x direction (-)

Distance (cm)

Pixel in y direction (-)

Final frame

0.5 1 15 25 3 3.5 4

Distance (cm)

o
o

o
9

o
@

o
©

Averaged estimated Fo mapping

30 lll.h e

10 20 30 40 50 60 70 80 90
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Experiment 2: Transient state

10 - : ‘
: i O Inside the channel
9f - e fitted data -
| | < outside the channel
8 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

fitted data .

********************************************************

Averaged apparent Fourier number (-)
(&)

1 1 | 1 1
500 1000 1500 2000 2500 3000
Flow rate (ul/h)

-Estimated Fo number not affected by the flow rate.

-Difference between inside (water+glass) and outside (PDMS+glass) the microchannel.

Metti' Roscoff, June 13 -18 2011 30
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Experiment 3: Phase change

T°C

Liquid Temperature T,

Freezing Temperature T,
initial formation of
solid ice layer

complete formation
growth of ice of solid ice layer
| supercoolit crystal

H , d
Nucleation Temperature T, [* -

l occurrence of
| nucleation

Solid Temperature T, J |

liquid water + ice

t
i liquid water N| !
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Experiment 3: Phase change

High frequency recordings : 484 Hz

3400 3400

3200 13200

- 13000 - {3000

- 12800 - 12800

2600 2600
e N
< rd

4 cm 2400 > 400

Ice front Liquid Airbubble

Frame 1 Frame 20 Frame 25 Frame 35
t=0s =394 ms t=49.7 ms 1=704 ms
Frame 55 Frame 75 Frame 90 Frame 95
t=112ms t=153 ms t=184 ms t=195ms

Question: How can we localize the heat source ?

Metti’ Roscoff June 13 -18 2011 32
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Experiment 3: Phase change

Correlation coefficient

Frame 25

20 40 ED 80 100 120

Frame 60

ED 80

Frame 105

0
OQverall

1
[
10

15 0.5

20

20 40 B0 g0 100 120 O

Estimation of source term
Frame 50

20

20

40

40

B0 80
Frame 100

B0 80
Frame 115

100

100

120

120
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Experiment 3: Phase change
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8. Conclusion
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Conclusion

The correlation method

5
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Advantages :
Simple and fast processing
No calibration of temperature is needed (temperature variations)
IR Thermography => mapping of estimated parameters
Large field of applications (chemistry, crystallization, blood flows...)
Drawbacks:

Qualitative method (for the moment)

Perspectives:
Reduction of noise and filtering of signal (spatial and temporal)
SVD + convolution and/or lowpass
Quantitave estimations

Improvement of derivations

Metti' Roscoff, June 13 -18 2011 -
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