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R
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tune

the
unknow

n
param

eters
until

the
outputs

predicted
by

the
m

odelm
atch

the
observed

data

M
O

N
E

T
S

um
m

er
S

chool/Liliana
Ironi

B
5.1

-
Q

uantitative
M

odeling/
6



B
lac

k
bo

x
m

odeling

output 
input

y
x

?

��

physicalknow
ledge

is
notavailable

��

physicalknow
ledge

is
very

incom
plete

��

param
eter

estim
ation

is
not

possible
due

to
the
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.
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ésum

é
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C
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pliance
m

odel
E

xplicitly
related

to
the

rheologicalstructure
ofthe

m
aterial:

¡� ����
¡� ¢

£¤ ¥¦ ¡¤ § �
¨ ©ª �

�«¤
¢

�¬ 

¡®���� ¯

(instantaneous
elasticity)¡�

P
rom

ptelastic
stretching

ofbonds
betw

een
the

prim
ary

structuralunits

¡°� �� ¯

(retarded
elasticity)± ¡¤² «¤³¤ ¥¦´´£

B
onds

break
and

reform
,producing

a
slow

er,stillrecoverable,deform
ation.

µ¶

num
ber

ofbond
types

·¸ ¶

intensity
ofeach

bond
type

¹¸ ¶

tim
es

atw
hich

the
greater

partofeach
bond

type
establishes

¡
���� ¯

(viscous
flow

)¬ 

Irreversible
rupture

ofbonds.In
particular:

1.
the

#
retardation

tim
es

(m
odel

order),related
to

the
establishm

ent
of

new
types

ofbonds,characterizes
the

m
aterialcom

plexity

2.
the

com
pliance

values
express

the
strength

ofthe
structuralunits
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T
he

application
prob

lem
��

M
aterials

N
aC

M
C

:solutions
ofpolym

er
atthree

viscosity
grades

(LV,M
V,H

V
),

each
one

atthree
concentration

levels
(low

,m
edium

,high).
P

olym
er+

m
ucin:

m
ixtures

ofeach
polym

er
w

ith
m

ucin
atthree

differentconcentrations

��

A
im

M
odel-based

investigation
ofpolym

er
m

ucoadhesive
perform

ance,
to

geta
deeper

know
ledge

on
the

polym
er-m

ucin
interaction
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M
ethod

1.
Q

uantitative
characterization

ofrheologicalproperties
of

each
m

aterialby
m

eans
ofm

odelorder
and

param
eters

2.
H

ighlightstructuralconditions
atw

hich
polym

er-m
ucin

synergy
is

higher
(bestm

ucoadhesive
perform

ance)
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1
-

R
esults

M
odelevaluation:

A
kaike

indexes
and

condition
num

bers

P
olym

er
(H

.V.N
aC

M
C

1.6%
)

+
8%

m
ucin

µ
rcond

º» µ¼

0
1.00

e+
00

1005.5
1

4.00
e-04

780.4

µ¾½¿
2

9.33
e-03

591.4
3

2.19
e-08

423.6

O
ptim

alm
odelorder

and
param

eter
estim

ates
(95%

confidence
intervals)

P
olym

er
(H

.V.N
aC

M
C

1.6%
)

+
8%

m
ucin

µ ½

2

À ½Á
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e+

2
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e+
2]

P
a Â
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À ½Ã
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e+

3
[2.879

e+
3,2.882

e+
3]

P
a Â

s Ã

À ½Ä

8.128
e+

2
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2,8.132
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2]

P
a Â

s Ä
M
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2
-

R
esults

k
*

L.V.N
aC

M
C

low
0

M
ixture

w
ith

m
ucin

3
L.V.N

aC
M

C
m

edium
0

M
ixture

w
ith

m
ucin

2
H

.V.N
aC

M
C

low
1

M
ixture

w
ith

m
ucin

2
H

.V.N
aC

M
C

m
edium

2
M

ixture
w

ith
m

ucin
2

LV
-N

aC
M

C
and

H
V

-N
aC

M
C

at
different

concentrations,
and

their
m

ixture
w

ith
m

ucin
at8%

concentration
:

optim
alm

odelorder
(ÅÇÆ

)
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2
-

R
esults

T
he

addition
ofm

ucin
causes

an
increase

in
the

elastic
properties,

by
the

establishm
ents

ofnew
bonds:

��

increase
in

m
odelorder¯

better
interaction

betw
een

polym
er

and
m

ucin
chains

��

increase
in

the
com

pliance
values¯

furherstrengthening
ofthe

m
u-

coadhesive
interface

T
he

polym
er-m

ucin
interaction

is
highestw

hen
LV

-N
aC

M
C

is
used

atthe
low

estconcentration
(deeper

interpenetration)
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C
onc

lusive
rem

arks
��

R
H

E
O

LO
has

favoured
a

m
odelbased

approach
to

the
investigation

of
physicochem

ical
properties

relevant
in

D
D

S
’s

design
(e.g.

m
u-

coadhesion)

��

T
he

proposed
approach

can
be

used
to

investigate
phenom

ena
in-

volving
variations

in
the

m
aterial

structure
revealed

by
changes

in
the

rheologicalbehavior

��

T
he

m
odelbased

approach
has

provided

-
deep

insightinto
the

polym
er-m

ucin
interactions

-
cheaper

and
m

ore
effective

evaluation
of

polym
er

m
ucoadhe-

sive
perform

ances
through

m
odel

param
eters

and
com

plexity
(rheologicalproperties)

N
ew

application:
H

em
odynam

ics:
study

of
blood

rheological
properties

for
diagnostic

and
therapeutic

purposes
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