© Q-SENSE AB 2007

Q-TOOLS DATA ANALYSIS

QCM-D viscosity measurement

A quick guide to how to perform a QCM-D viscosity measurement and a step by step
manual to viscosity modeling in QTools.

Introduction to viscosity

A Newtonian fluid flows like water — its stress versus rate of strain curve is linear and
passes through the origin. The constant of proportionality is known as viscosity. In
QCM-D measurements, this means that the fluid will have the same viscosity
regardless of frequency. This allows for viscosity modelling at multiple overtones
which gives more information about the system.

A fluid that does not obey this rule is non-Newtonian, i.e. the viscosity changes with
the applied strain rate. When using QCM-D, the fluid will have different viscosities at
different harmonics. A shear thinning fluid for example, will have a lower viscosity at
higher frequencies. Therefore, the result will also be different from other viscometers,
measuring under other circumstances.

Viscoelastic materials exhibit both viscous and elastic characteristics when
undergoing deformation. Viscoelastic models are used to explain the behaviours of
viscoelastic materials. The Maxwell viscoelastic model represents a liquid with some
additional reversible (elastic) deformations, whereas the Voigt viscoelastic model
resembles a solid undergoing reversible viscoelastic strain. This means that
viscoelastic fluids are best represented by the Maxwell viscoelastic model.

QCM-D viscosity measurement and modeling have different approaches depending
on the properties of the system. This guide contains two sections: Section A is a
simple bulk viscosity measurement of a fluid — Newtonian or viscoelastic. Section B
contains a method that also takes surface adsorption onto the sensor into
consideration. Both methods can also be used for non-Newtonian fluids but then
modelling can only be done at one overtone at the time.
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Section A
Simple bulk viscosity measurement

This procedure can be used both for Newtonian and viscoelastic fluids. The
adsorption to the sensor surface is assumed to be negligible.

Measurement setup

—_—

Start the measurement in air and produce a stable base line.

2. Pump the fluid into the measurement chamber. Once the fluid reaches the
measurement chamber, let it flow until f and D values stabilizes.

3. To see if there is any flow dependence of the fluid, stop the pump and see if
the f and D values change.

4. Stop measurement

Viscous sample

Air Sample =

e e
Viscoelastic sample
1. 2.
Air Sample =
e e

[lustrations of the scenario on the sensor (yellow line).
Bold letters show the names that are used for modeling in QTools.
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Example of frequency and dissipation shifts during measurment.
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QTools Step by Step (A)

EE Line

Export. .. E‘fﬁ Scatker

Shiow Marked Rows

{1 For an overview graph of the
data-set, open the “Plot” menu
and then “New/Double Y”.
Check time in X column and f
and D values in the Y columns

Refresh F5
respectively.
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Mew Model
Open Model Settings
Open Fit Data

Wiscoelastic models For F and D
Extended viscoelastic models For F and D spreadsheet, and
open “Modeling/New
Model/Viscoelastic

Kinetic models

2 Go back to the

v v v v Bi

Save ser model
Save As.., models...”.
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g \In the Modeling Center there are 4 tabs
where the fitting process is prepared;
start at “Model settings”:

rrs- | S H-X | B @

Model zettings |Parameters| Measured dalal FitSettingsI a) If the fluid is Only viscous. check

—Yiscoelastic representatiol rIncluded f and D walues———

= Waigt i+ Manwel Harm. |F |D |‘ F|UId s . .
: e il b) If the fluid is viscoelastic, check
e 8 LTICLOEe) “Layer 1” instead. Choose Maxwell
[ Fluid (Fid) 3 i ; ) . o
F Loper21L2) e V¥ viscoelastic model since the fluid is
™ Layer1(L1) 7 il more viscous than elastic.
~\ D . ©) Uncheck “f and D shifts are
an SNINEE are measure . . ”
L relative bulk flid abues measured relative bulk fluid values”.
Check this box d) Set the number of included
instead for

harmonics — the more the better,
however the fundamental tone
should normally be disregarded.

e) If you suspect frequency
dependence i.e. non-Newtonian
behaviour, model one harmonic at a
time.

viscoelastic fluids

Uncheck this
box

Continue with next tab “Parameters”

Model zettings  Parameters | Meazured datal Fit Settingsl Fit analysisl

Double click on a parameter name ta change it from fitted to fixed, or vice + a) DOUble-Cllck on the “parameter to
Parametersto ft | Vetr| Min guess | Max guess | Steps| Log | Col | fit” cells to include/exclude in the
Faviscikgms] | [ ' ooo01 001 w0 [T modelling. Note that density and
¥ Force fitted parameters to be between Min and Max quess V|SCOS|ty CannOt be f|tted at the

Viscous

same time (e.g. a 10% increase

samples Fixed parameters Vctrllnput | Available ¢ ) . .
Fddens kgm3] | | 81L5 Fit in density and a simultaneous
Fid thick [ i b_1:1 10% decrease in viscosity will not
T change the fit).
b) Set thickness to 1 for infinite
Model settings  Parameters | Measured datal FitSettingsI Fit anal_l,lsisl th|CkneSS
Double click on a parameter name ta change it from fitted to fised, or vice + C) Insert guesses for m|n|mum and
Parameters to fit Vctr|r.'lin guess |r.'laxguess|5teus|Lng |C|:|I | maximum pOSS|bIe Va|ueS for
L1 vie [kg/ms] [T loooor 001 w
1 <hear Pl e e o P feach modelled parameter. These
- : intervals form a grid of
Viscoelastic [+ Force fitted parameters to be between Min and Max gusss . .
samples i ° coordinates that will be scanned
Fixed parameters | Vetr|Input | [aveiabe through to find the best starting
E f:":[“‘]g’”m F 81“'5 ;—11’11 point for the fitting of the data.
ICK |m)] . .
- d) Uncheck vector, to achieve a

mean value of the viscosity.

Default settings:

- Let “Vctr” be ticked if you want to have the output as a column (vector) and not only one
value for the whole data set. An output column will automatically be added to the
spreadsheet.

- “Steps” = 10. More steps will make the initial scan for the best starting point more detailed.
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Continue with next tab
“Measured data”.

Independent variable

Name In column Available columns -
Time [Seconds] | Time_1 F_1:1
Measured variable(s) oL a) Drag and drop the F and D
F_1:3
ariable Meas. value(z) | Standard dev. | Fitted value(s) D:1:3 Columns from the ﬂOW mOdU|e Of
BB rLs i = 1 interest, found under “Available
DS[HESu] |D_L:5 Fit D5 - ” «
F7 [Hz] Fit F7 2_11:: Columns ) place under “Meas. .
D7 (NA] T o 19 value(s)”. The chosen curves will
i :;Z Pt appear in a graph to the right.
Fi1 [Hz] FitF11 :‘111131 Check that the “Fitted value(s)”
ot Al ik = = column gets the right names.
b) Click “Estimate all” to get the
_ » _ standard deviation for each
—Automatic standard deviation estimatior
R cuimacal | I Aok boae accen curve. Choose number of rows
olynomial urnber af rows
|2_ﬂ Iﬂ ill E stimate unzpecified Iess than number Of rOWS
/ (Bl included in the base line to get a
( low standard deviation.
Less than
number of
in b
e oo Default settings:
o “Independent variable” = x-axis
150 variable, usually time.
¥ 2001 End of baseline, Standard deviation settings = 2:nd
& -2501 £|_ mark with pointer degree of polynomial and 100 rows
3 -300] F100 £ included in calculations.
L -350 F&0
4004 F60
450 [40
500 Fz20
- - + =0
i00 200 300 400

Time_1

StdDev = 256.4

00 4+--
200 4

=300

-400 4+ Shows the row number

SR SO L S S where the pointer is put
: : on the curve

230 240 250 260 270 280 290 300 310 320
Time_1

[# 23037 [\1-49395 [z 222 27 [Fowds =~ |F5

s
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todel settings | Parameters | Measured data FitSettingsl

v Autornaticaly clear ALL out colurmns when doing a new fit
v Limit 5-values

[¥ Only uze StdDey when fitting more than one vanable

—\Wechar paramete\r

[v Descending \eremental fitting
ey \

Grid fit

Only appears when
vector is checked in
section 4.

Use this to
calculate from only
one point.

6 Continue with next tab “Fit settings”.

a) Click “Limit x-values”; two red curtains
will appear that can be slid along the x-
axis. Slide the left curtain to include only
the data for the fluid,
or click the green + - button and mark
one representative point on the curve.

Default settings:
- “Automatically clear ALL out columns...”
checked
- “Only use StdDev when fitting more than one
variable” checked.

“Descending incremental fitting” checked —
means that the fitting is performed backwards.
This is standard when the measurement starts
with nothing or almost nothing on the surface
and mass is added over time.

“Grid fit only first row to fit” checked. The more
rows that are included in the initial grid scan, the
more calculations (=time) is needed.

b= Fitall -
E Fit &l Chrl+F

ﬁt Fit Marked Shift4+Crrl+F

7 Click “Fit All” to start the fitting
calculations.

Or click “Fit marked” if the green + -
marker was used.

If the fit menu is greyed, there is
information missing in any of the cells
(marked in red).
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8 In the graph, the fitted values will

o4 - now appear as boxed curves.
:ig ) F210
6041 Grid can be_ 200 A fifth tab will also appear, with detailed
pulled to limit F130 L
1003 thefit 150 fitting results. Here the calculated
3 F170 1 1 H
140 o viscosity value will appear.
-180+ F1s0
200 . .
220 e The fit of the model is shown
= Se0] 120§ underneath. Here you can see how
2 200 o2 close the modeled f and D values are to
b = the measured values.
-3604 Fso0
-380 p70 - C g ;
00 s—— | 60 If the fit is not satisfying, the following
440 i o changes in settings may improve the
480 & results:
-500 E « .
220 | o a) Un-check “Force fitted
St e e e parameters...” under Parameter’s
1] 50 100 150 Tﬁﬁeﬂ | 250 300 350 400 tab

b) Change min. and max. guesses
Madel seftings | Parameters | Measured data | Fit Settings Fit analysis to create a new Starting grld
The fithtab ~ |C) Exclude overtones that show
ﬁgﬁ;ﬁfs L different behavior than the others
(and therefore may be less

Move mouze over plot ta update values in tables below

H walue Row

=
405 1683545 133 =

[~ Use Shift key to update with mouse

— — ChiSar: 2.2643E8 trusted).

Fid dens [kg/m3]  |811.5 .
— d) Change values of fixed
Fid thick [] 1 parameterS.

e) Tryto model one overtone at a
time. If the viscosity
decreases/increases with

“Variable Weasured Wodeled Difference StdDev ratio frequency, there iS a frequency
FE [5 Ha] -540,34 -550.95 1061 355,68 [REE

DS [1E-6 1] 223.82 22261 12171 869.37 depend_ence and the fluid is non-
F7 [7 Hz] -455,46 -455.64 10.179 712.56 NeWtonlan_

D7 [1E-6 u] 188.07 188,14 -0.069972 -86.385

FS [9 Hz -403.71 -410.66 69454 347.27

D9 [1E-6 u] 186.9 165.92 0.9787 752.85

F11 (11 Hz] 387,72 -371.45 3.7282 93,204

D11 [1E-6 u] 150.86 150.08 0.77765 86.406
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il g  Storing of data:

o | w BT - QTools data spreadsheets can
e be saved as “*.qtd” files.
o e B - Plots can be saved as “*.qtp”
= R e files.
iiEE T - Model settings can be saved as
! - “*.gms” files.

T w0 e w - Graphs can be exported as

ime_1

s picture format files, via the plot
X =172.49 ¥1=-203.46 ¥2=215.42 S right_button menu.

I
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Section B

Bulk viscosity measurement with surface adsorption

This procedure can be used both for viscous and viscoelastic samples with surface
adsorption to the sensor. It could also be used to prove that surface adsorption is
negligable.

Measurement setup

1. Start the measurement in a reference liquid with known viscosity and density
(for example water) and produce a stable base line.

2. Exchange to sample fluid and wait until f and D-values stabilizes.

Exchange again to the reference liquid.

4. Stop measurement.

Adsorptlon = Adsorptlon = Layer 1
— 00000000

Ilustrations of what is happening on the sensor (yellow line).
Bold letters show the names that are used for modeling in QTools.

W

[E] Plot - New 4 (Data - 200mg BSA) _|olx]
o
Fes
Fso ¥ —F 35
Fas ¥ —F_a7
Fs0 ¥ —F_39
:;g ¥ D_35
Pef%’ence |70 ¥ D7
iqui 3 e
i -100 60 ¥ —D_39
w Fss o
) -120 Fs0
(' . o
-140 =
160 Reference liquid
+ adsorption
-180
Fz0
-200 22
-2204 F10
ks
-240 o

400 600 800 1000 1200
‘ Time_3

Sample. + 200mg BSA. 10/12/2007 8:24:30 AM
adsorption

| | | | 4
Example of frequency and dissipation shifts during a measurement.
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QTools Step by Step (B)

% Line 1 For an overview graph of the
Expart... s Scatter data-set, open the “Plot” menu

and then “New/Double Y”.
Sho Parlizd Povs Check time in X column and f
Refresh F5 and D values in the Y columns

respectively.

[E] Plot - New 4 (Data - 200mg BSA) =lalx|
0
£as
0] 3 _rac
20 S0 W —F 25 X | ¥1]¥2| Column name ﬂ
an] 85 ¥ —F 37 cil Time 1

F80 ¥ —F a9

-60 :;E M DS
-0 Ees W —D_37
£ v —D_3%
100] 60 ¥ —D_
" Ess
| -120 £50 L
w Fas
-140 F40
-160 35
F30
-180 F25
20
-200 Eis
-220 Lo
ks
-240 fo

T T T T T T
200 400 600 800 1000 1200
Time_3

200mg BSA: 10/12/2007 8:24:30 AM

F_1:1
0_1:1
F_13
D13
F 15
D_1:5
E-1.7,
D_1:7
F 18

3

SEQa

=l
@

F_1:11

D_1:11
F_1:13
D_1:13
Time_2

e o e o
e e e o

. e e o

Mew Model L4 Wiscoelastic models For F and D 2 Go back to the

Cpen Model Settings ¥ Extended viscoelastic models For F and D spreadsheet, and
Open Fit Data L4 Kinetic models open “MOdeling/NeW
Save Y Lser model Model/Viscoelastic
Save As... » models...”.
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3 In the Modeling Senter there
ra- | ZH-X B @ are 4 tabs where the fitting

process is prepared; start at

haodel settings | Parameters | tMeasured data I Fit Settings I “Model Settings”'

Wiscoelastic representatio rIncluded f and D values——
© e £ Mareel Ham. [F [0 [=] a) Start to model the surface
rIncluded layers in model————————— | [ - adsorption_
I'f t'“id [Z'?iz] Z :; E b) Choose Voigt viscoelastic
i s () e i model since the adsorbed
layer is fairly rigid.
o2 R e ¢) "Fluid” will refer to the

O ———— reference |IQU!d anq has to

if measurement was Fundamertal freq. [MHz] have known V|SCOS|ty and
[ started in liquid = density. “Layer 1” will be

the adsorbed layer.

d) Set the number of
included harmonics — the
more the better. However
the fundamental tone
should normally be
disregarded. This step
requires modelling at
multiple overtones.
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4 Continue with next tab “Parameters”.
todel settings ~ Parameters |Measured datal Fit Settingsl
a) Double-click on the “parameters to fit”
cells to include/exclude in the modelling.

Double click on a parameter name to change it from fitted to fised. or vice v

Parameters to fit Vctr|Min guess |Max guesslSteps|Lng |C|JI | NOte that denSity and ViSCOSity Cannot
i [
E :hB:ﬂ[rk[g;:]B] IE 222011 DIED; 12 ziimi be fitted at the same time (e.g. a 10%
L1 thick ] M ®w oot w0 M [ increase in density and a simultaneous
|v Force fitted parameters to be between Min and Max guess 10(%) decreas_e n VISCOS|ty WI“ nOt
change the fit).
Fixed parameters | Ver| Input | [|a=iee= b)) Fluid parameters will be the known
rid dens [kgimsl F 1000 2 - values for the reference liquid.
ET:;:[;ZFE R S:::’; c) Estimate a density of the adsorbed
layer. It will be compensated by the
Default settings: layer thickness. -
- Let “Vct.r” be ticked if you want to d) Insert guesses for minimum and
have the output as a column maximum possible values for each
(vector) and not only one value modelled parameter. These intervals
for the whole data set. An output form a grid of coordinates that will be
column will automatically be scanned through to find the best starting
i ?gtde%i,,tit:‘g T\;’;?:iiggset\"vi” point for the fitting of the data.
make the initial scan for the best e) Uncheck vector, to get mean values for
starting point more detailed the adsorbed layer.
I
I
\‘\ I
N o~
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Continue with next tab
“Measured data”.

Independent variable

Name In column Available columns -
Time [Seconds] | Time_1 F_1:1
Measured variable(s) oL a) Drag and drop the F and D
F_1:3
ariable Meas. value(z) | Standard dev. | Fitted value(s) D:1:3 Columns from the ﬂOW mOdU|e Of
BB rLs i = 1 interest, found under “Available
DS[HESu] |D_L:5 Fit D5 - ” «
F7 [Hz] Fit F7 2_11:: Columns ) place under “Meas. .
D7 (NA] T o 19 value(s)”. The chosen curves will
i :;Z Pt appear in a graph to the right.
Fi1 [Hz] FitF11 :‘111131 Check that the “Fitted value(s)”
ot Al ik = = column gets the right names.
b) Click “Estimate all” to get the
_ » _ standard deviation for each
—Automatic standard deviation estimatior
R cuimacal | I Aok boae accen curve. Choose number of rows
olynomial urnber af rows
|2_ﬂ Iﬂ ill E stimate unzpecified Iess than number Of rOWS
/ (Bl included in the base line to get a
( low standard deviation.
Less than
number of
in b
e oo Default settings:
o “Independent variable” = x-axis
150 variable, usually time.
¥ 2001 End of baseline, Standard deviation settings = 2:nd
& -2501 £|_ mark with pointer degree of polynomial and 100 rows
3 -300] F100 £ included in calculations.
L -350 F&0
4004 F60
450 [40
500 Fz20
- - + =0
i00 200 300 400

Time_1

StdDev = 256.4

00 4+--
200 4

=300

400 4+

-500 4+

Shows the row number
where the pointer is put
on the curve

230 240 250 260 270 280 290 300 310 320
Time_1

[# 23037 [\1-49395 [z 222 27 |Row 43 [F5

s
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6 Continue with next tab “Fit

bodel settings | Parameters | Measured data Fit Settings | settings”.
v Automatically clear ALL out colurnz when doing a new fit a) Click “Limit x-values”. Two red
', : curtains will appear that can be
¥ Only uze StdDesy when fiting more than one variable slid a|ong the x-axis.
Include only the b) Slide the left curtain to include
last step of the
measUement only the data for the surface
o] \r """ . adsorption + reference liquid.
o \ - c) OR click the green + - button and
o - mark only one representative
::g: F7s pOint.
701 k70
-804 k&5 .
90 - Default settings:
£ o] s o - “Automatically clear ALL out columns...”
g 120 0§ checked
i o3 - “Only use StdDev when fitting more
0 - than one variable” checked.
170 k30 - “Descending incremental fitting”
st = checked — means that the fitting is
2003 s performed backwards. This is standard
a0 10 when the measurement starts with
2204 & nothing or almost nothing on the surface
w0 o o o w0 ’ and mass is added over time.
et - “Grid fit only first row to fit" checked.
The more rows that are included in the

initial grid scan, the more calculations
Or include only one (=time) is needed.

point using the green
+ - button.

e Fitall ~

E Fit &l ChH+F

W Fit Marked Shift+Chrl+F

7 Click “Fit All” to start the fitting
calculations.

Or click “Fit Marked” if the green
+ - button was used.

If the fit menu is greyed, there is
information missing in any of the
cells (marked in red).
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8 In the graph, the fitted values will

o4 now appear as boxed curves.
104 95
204 Fo0

Fes A fifth tab, “Fit analysis”, will also

75 appear, with detailed fitting results. Here
|70 the calculated parameters for the

Foo adsorbed layer will appear.

Frequency [Hz]
IR
=
=1
w
=1
uogedissig

If the fit is not satisfying, the following
o0 changes in settings may improve the

-160 |33
et L’Jk % results:
-1804 L‘_&) F25

|15 a) Un-check “Force fitted
parameters...” under Parameter’s
. : : : : ==t tab.
S H b) Change min. and max. guesses to
create a new starting grid.

Madel settings | Parameters | Measured data | Fit Settings  Fit analysis | C) Exclude overtones that show
different behavior than the others
(and therefore may be less trusted).

d) Change values of fixed parameters.

Move mouze over plot to update values in tables below

X walue Row

=l
[1263285189  f922 =
[~ Use Shift key to updabe with mouse

Parameter Value ||
Fid dens [kg/m3] 1000

Fid vizc [kg/ms] 0.0015

L1 den= [kg/m3] 1200

L1 visc [kg/ms] 0.00037758
L1 shear [Pa] 4,8966E6
L1 thick [m] 4,4415E-9

Calculated
parameters for
adsorbed laver

The fifth tab
appears after
fitting

bodel zettings Parametersl tMeasured datal FitSettingsI Fit analys 9 Go back to “Model settings”:

—Wiscoelastic representation————— 7 Included F and D values
" Voigt = Manwel S |D |4 a) Add Layer 2, this will be the
—Included lapers in modesk——— | |1 = I(aéyer fqrtthe samé)le fluid.
. €e pictures unaer
¥ Fluid [Fld] 2 rr
: calica Measurement setup.)
7 Vv -

fand D ¢hiftz are me.
Vv relative bulk fluid sal

Check this box

[,
r
J
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Parameters to fit \.-"c{r|Min guess | Max gues.s|5teps|LDg|Cul | 1 Contlnue Wlth neXt tab

L1 visc [kg/ms] [ o001 0ot w ™ “Parameters”.

L1 shear [Pa] [ o.001 1E14 w ¥
e wincew L1 thick [m] [7 10 oo w M .
will appear 2 vie kgime] Floowor Toor o TEIE a) Double-click on the L1 .parameter
like this L2 shear [Pa] [™ o001 1E14 w M cells to move them to fixed

parameters. They will get the
values from the previous fit

[+ Force fitted parameters to be between Min and Max quess

Fixed parameters \.-"c{r| Input | Available ci .
Fid dens [kg/m3] [~ 1000 F_1:1 automatical ly_'
N [0.0015 X b) Set the density for the sample
L1 dens [kg/m3] ™ 1200 F 13 fluid.
S I': : D_1:3 c) Set the Layer 2 thickness to 1 for
=Ll ’ B infinite thickness.
d) Insert guesses for minimum and
Parameters to fit \.-"ctr|Min guess |Max guess|5teps|Lug |CDI | maX|mum pOSS|bIe Values for
L2 visc [kgims) [Moooor jpor 10 [V [7] each modelled parameter.
=== [ oo: =2 © M T | g) Uncheck vector, to get a mean
¥ Force fitted parameters to be between Min and Max quess Value of the V|scos|ty
Fixed parameters \.l'cir| Input | Available o
Fid dens [ka/m3] [ 1000 F_1:
Fid visc [kg/ms] [ 00015 D_1:1
Move L1 L1 dens [kg/m3] [ 1200 F_1:3
parameters L1 visc [ka/me] [ 0.000377577573366194 D_1:3
here L1 shear [Pa] [ 4306557.39939559 F_1:5
L1 thick [m] [ 4.44151092218288E9 D_1i5
L2 dens [kg/m3] [ 1020 F_17
L2 thick [m] IE D_1:7
11
o4
o - Move grid to model the part where the
o e fluid is measured.
—s0] Fao
E F7s
7 I Or move the green line if + - button was
F65
et oo used.
= 1104 55 2
2 1204 Fso 2
% 1309 bas %‘
£ -1404
150 4o
160 k [
170 30
1804 25

23045 5
2404 Tt o
T T T T T T T
o 200 400 600 800 1000 1200
Time_1

s
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12/ Glick “Fit All’ / “Fit Marked” to start
the fitting calculations. If the fit menu is
greyed, there is information missing in
any of the cells (marked in red).

In the graph, the fitted values will
now appear as boxed curves.

The modeled viscosity for the fluid will
be found as “L2 visc” under “Fit
analysis”.

Underneath, the fit of the model is
shown. Here you can see how close the
modeled f and D values are to the
measured values.

If the fit is not satisfying, the following

Parameter Value - changes in settings may improve the
Fid dens [kg/m3] | 1000 - results:
Fid visc [kgims] _ |0.0015 a) Un-check “Force fitted
L1 dens [kg/m3] | 1200 parameters...” under Parameter’s
L1 vizc [kg/mz] 0.00037758 tab
L1 shear [Pl 4836658 b) Change min. and max. guesses to
L1 thick [ HAHSES create a new starting grid.
L2 dens [kgmd] | 1020 c) Exclude overtones that show
=L L B s = different behavior than the others
(and therefore may be less trusted).
Mgg;slﬁg or d) Change values of fixed parameters.
the sample e) Try to model one overtone at a time.
If the viscosity decreases/increases
ariable Meazured Modeled |Difference |Stt|Dev ratio | W|th frequency, there |S a frequency
FS[5 Ha] L7 237.02 ~4.6%85 7805 dependence and the fluid is non-
D5 [1E-6 u] 98.318 958.191 0.12733 4,9935 NeWtOnlan can Only be done from
F7 [7 Hz] -204.08 -208.76 4.6868 85.659
D7 [E-6 u] 31.236 52.044 0.80794 -39.22 Step 9.
Fe 8 iz 1873 189,51 22018 2.706 f) Exclude Layer 1, many times it can
08 [1E-6 u] 72901 72,268 0.63283 21.825 be assumed '[0 have neg“gable
impact on the result.
I
|
\ gﬁ\ .
| o
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- =lmix] 13 Storing of data:

-50 280 ¥ —F_12
S - QTools data spreadsheets can be
= | T saved as “*.qtd” files.

e g A - Plots can be saved as “*.qtp” files.
I T - Model settings can be saved as
o —]ﬁ‘iis “* gqms” files.
- Graphs can be exported as picture

0 2 watmor s ve2e format files, via the plot right-button
X =172.99 ¥1=-203.46 ¥2=21542 v menu-

i
asense | s



