HANEINIXTHMIO KPHTHX
2XOAH OETIKOQN EIMNIXTHMOQN
TMHMA EINIXTHMHX KAI TEXNOAOITAYX YAIKQN

EPI'AXTHPIO XAAAPHX YAHX

EI2XATQI'H 2THN PEOAOITA

Aoknon 3.4: Metproeig IEmoovg KoAlogdowvy olacmopdv

I Iletexiong
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Pcoloylo,

MeréTn TS UNYOVIKIG OTOKPLENS VAIKMOV 6€ EEMTEPIKES
TOPOROPPDGELS, TAGELS KAl PO

IEwoocraoctiKG / IE®OomAucTIKA PEvoTd




Hoapaostypoto cOvOeT®V IE00MELNGTIKOV VAIKOV

Foods

Emulsions (mayonaisse, ice cream)
Foams (ice cream, whipped cream)
Suspensions (mustard, chocolate)
Gels (cheese)

Biofluids

Suspension (blood)

Gel (mucin)

Solutions (spittle)

Personal Care Products
Suspensions (nail polish, face scrubs)
Solutions/Gels (shampoos, conditioners)
Foams (shaving cream)

Electronic and Optical Materials
Liquid Crystals (Monitor displays)
Melts (soldering paste)
Pharmaceuticals:

Gels (creams, particle precursors)
Emulsions (creams)

Aerosols (nasal sprays)

Polymers



KOAOEIAH

Particles (~10nm-10um) suspended in a liquid
k,T >m,gR

Paints, Inks, lubricants, shampoo,

L& ea
|j .
m HELLMANNS
, e
. ,_,J P mnzas
S —b

Shear thickening
—=Liquid Armor




Mnunyovirég loiotnteg

« TTopopdpemon (Strain) < tdon (Stress)

« Eion IHupoudpepomonc:
— Egeixvopog (Tension) /Zoumieon (Compression)
— Awdtunon (Shear) /Ztpéun (Torsion)

e

]
1

T

=/
| ]

1

1
1 1L
| um
1_“]

A,




Aactunon (Shear)

=

ey

1
A

i e




AwoTunTikn) Peoroylo

ST
42 o ) - AvatpunTikn tdon (o) (shear stress):

: _ ;” JAY Advoun ava empdvela

dl - (Nm™ = Pa)
| ———-
| ——

y = - Hopopopemwon (y) (strain):
777‘6777777777777’

H oyetikn addayn tov pnkovg, S/d, (adidotato)

PvOpog mapapopeoeng () (strain rate ):
[Tapapopemon ava povaoa ypovoo (1/s)

ZmrToouevo: Xyéon taonc-napouopemonc (?)




Nevt@mviko Yypo

1687: Isaac Newton addresses liquids and steady simple
shearing flow in his “Principia”

» “The resistance which arises from the lack of
slipperiness of the parts of the liquid, other things being

equal, is proportional to the velocity with which the parts
of the liquid are separated from one another.”

Nouog tTov Nevtova,

M : Xuvteleotng IE@dovg (viscosity)

Movéodeg o Pas = 10 P (poise)



Nevtovika Yypa

Castor all

Chloroform

Ethyl alcohol
Glycerol
Olive aill
Water

10



EA0GTIKO 6TEPEC

1678: Robert Hooke develops his
“True Theory of Elasticity”

» “The power of any spring is in the same
proportion with the tension thereof.”

Nouoc Tov Hook:

c=QGy

G : pérpo owarunonc (shear modulus) og Pa

11



Pgoloylo,

I'evikn] popen: TavvoTéS TAONG

y P F]-———- -~
S we Wl
| | 1
X | | 11
| I 11
z | N
L I L
EOEAKY2MOZ
ATATMHZH (Shear Flow) (Elongational Flow)
Total stress
tensor* Stress tensor
l pto,. O, 0
T=po+to=| O, pto, 0 p+o.. 0 0
T 0 0 p+o._ T=po+7= pto, 0
Hydrostatic pressure forces 0 0 pto.
Shear Stress: o,
First Normal Stress Difference: o, -o, Tensile Stress: o_ —o_
12

Second Normal Stress Difference: 0,=0

zZ



Eopelxvouoc (Tension)

Tension Test Machine . P
— | e, Tension-test
. : 1, Specimens
| L ; 17
|1
i . LD‘J- _::;\.I"_,__\::]_ﬂ‘:l ’:-LU + 6
- o y . of
[ LY

13



IIWD o .
s THwmism sinkes Ceramics
T e Wil Stee] [ Alley Siash
Composites [ a5t lren -
= LT e Nickel
= Magnessum . L/
100 F 3 o
C Wood and .
{n
= [ wood products PPELS Gold
[ ! II.-:
o 10 ! UF
L
=} o ew i
a i Porous Metals
-, Ceramics and alleys
s
2
2 |
=
Falymers
= 01}
i L
l — Fublbers
0.01 . o
100 300 | GO0 3,000 100D 30,000
«— Light DENSITY (kg/m3) Heawy — =

Metpo Elaotikotntoc (Young)

« EAloctikn coumepipopd

ctov Egeikooo
F

A,

I—1
ly

o= (tdon)

E =

(Tapopopemon)

E=2 (Métpo Young)
g

14



Eion Hopouoppwong

* Elactikn: H tdon etvar avaroyn g
TOPOUHOPPOCNG.

» [Thaotikr: Moviun mapaudpemaon mwov
TOPOHUEVEL KU1 LETA TNV OTTOUAKPLVGT) TOL
CLTIOV 7TOL T1) ONHIOVPYNOE.

Koumndin Taonc-Ilopouoppmaons

A Eiootwkn + [Thaotik)
Ty Uliizpate Sreess ..
Oy |Fracture Stress Eupture
Oy 4l
Oy i
©
o
on
2
o i i o
= . / Opto Gpavorng
= / o B
E Enuslo Awappoii (Rupture Limit)
- . : h
(Y1éld Point)
/
)'f 1 -
O £ L

. ' Normal Strain €
Offset strain, Plastic Strain Elastic Stram —w
-  Total Strain ——————m

15



IE®00EANOTIKOTTO

Joumepreopa YyYpov 11 6GTEPEON ;

Honey | Mayonnaise

1.PLASTIC FLOW

A certain shear stress has to be applied in order to let the sample flow

The applied force has to be higher than the structural force

Examples:
Pastes ( tomato paste, chilli paste, tooth pastes

I£®d0-chaoTIKA/IEMO-TAUGTIKG, T VEVTOVIK(A PEVGTA:

*To 150oeg eqaptaton amd Tov puipo mapanopewong: 1] = 7] (7/)

(peomnktikd, O1EoTpomikd pevotd)

*Pgvotd Bingham/Herschel-Bulkley :

c=0,+ny" n<l

EA0GTIKA Y10 UKPES TTOPOALOPPMOGELS N TAGELS KOl TAACTIKA (PEOVV) Y10, LEYOADTEPEC

Toon dwappong (Yield stress) O,




AwatTunTikny Aéntovoen — Peonnia

(Shear thinning — shear thickening)

Mn Nevtwvikd pevotd: To 1Ed@deg e€optdror and tov pudpd mapapdpewons ( ¥ ).
(pEOTNKTIKA, YEVOOTAUGTIKA 1] O1C0TpOMTIKA PEVOTA)

Shear stress

Shear thickening

Shear thinning

Shear strain rate

Shear stress,

Pseudoplastic Fluid

Drilatant Fluid

Shear Rate, _.°

4

17



Ivkva owoAvpoTo (ToAvuePN 1 KOALOELON)
IEMOES (Yoo 5 — 0 ) CLVAPTNGEL TNG GVYKEVTPMOGCNG

60 :
@e 8 (o 1 KoMosidn 0
=] & L ] ‘
@ g.:i o :h‘ “.‘! ﬂ; it b | ZxAnpeg opoipgg -
'.ﬁ l-..'..'l a t;:l C ‘E‘- 10] I:
- " L] L 4 I -
o0e '.'él ‘0% * ] | \ -
Pe o o '&® [ ! i &, 2
E i 20? o i E-:E O
'a. : - [ ; @k E ‘} -I:._ -
qg : -5 i 1 o H -ﬂ:::r 2~ i:l
2 Constant : wE T T ﬂ;qq_“
£ @ @ y .,
- ;::!'I’;f. logloic ) o Tohvpept,
% I'poppukéc alvcioe
o -
10" b A& o Ok CrE
- Y i 1 i LA i I A I 'l L 'l L LA I
Volume fraction of panticies 107 1" 10"
L
Miyuata dStapopdv peyedmv . .
, ! , , ¢~0. 50, vYPO->KPUGTAAAOG
Meimon 1£®A0VC Y10 0EGOUEVN GLYKEVTPWOOT)

Apaiég dacmopés cpapikdv copatdiov (Einstein): 17 =17,(1+2.5¢+...) 18



Aémtuvon - Peomniio
(o€ TLKVEC OLUGTOPEG)

AvEnom ™g cvykéEvipmong (1 KAAGHATOS GYKOV) TV KOAAOEW®Y => avénon IEmdovg

Mewtonian Shear thinning Shear thickening

b2 <0.1 0.1<%/ <05 4, >05

i

Log viscosity

Volume fraction of particle

d} Volume fraction of particles

(I} m  Maximum volume (packing) fraction of paricles 19



Aéntovon - Peomnlia

Métpiot pvOuoi mapapdpewone => Atotuntikn Aéntvvon (shear thinning)

¢~0.45

Equilibrium Shear thinning Shear thickening

VISCOSITY

SHEAR 5TRESS OR SHEAR RATE

Meydror puBuoi mapapdpemong => Peonnéia (shear thickenning)

20



Awotuntikn Aemtovon (shear thinning)

Meimon Tov IE@dovg pe v avénon tov pvdpov Tapapdpemong
<= AOpIKES aAAYES

rest high shear raies
E— e Suspensions:
- Crientation of particles
e (needle shaped)
s —
; Sy
.=. ,:J 3 - = Dispersions:
.... pr— i "J. b Agglomerated particles
@ _— 3_)" > g,i' - Break-up of agglomerates
== -
high shear load
At rest
Under shear

102 10° 10 10° 10' 102 10°

']i’ I:S'i} Macromolecules are entangled Macromolecules are deformed
and have spherical shapes and disentangled
high viscosity low viscosity

21



KoAlogon —Peonniia

«TOC VO TEPTTATNOELS GE VYPO»

22


http://www.youtube.com/watch?v=5GWhOLorDtw
http://www.youtube.com/watch?v=5GWhOLorDtw
http://www.youtube.com/watch?v=f2XQ97XHjVw
http://www.youtube.com/watch?v=f2XQ97XHjVw

IEwdoeAaoTIka dlaAupaTa noAupepwv: Rod-Climbing Experiment

(AnAo NeuTwVviko Yypo)

duyokevTpn dUvaun

(MoAupepIkO dlaAupa n TAyHa)

EvTponikr EAQOTIKOTNTA AAUCIOWV
=> Anuioupyia KABETWV OUVAPEWY

23


http://www.youtube.com/watch?v=npZzlgKjs0I&feature=related

PE£0AOYIKEC NETPNGELS

Ieprotpo@ika Peopetpo

Ytafepnc mapapopemong (strain controlled ) 1 otaBepng thong (stress controlled)

24



ATIAOPOPEYX TEQMETPIEY PEOAOI'TKQN METPHYXEQN

(A) AIATMHZH

Pressure Flow:

Capillary

Drag Flows: r’

Concentric Cylinder Cone-and-Plate
(Couette)

(B) EEAKYZMOZ

Uniaxial Elongation (b =0, £ > 0):

Moving Clamps

Ir’l

Parallel Plates

25



I'esoperpia Couette

FIG. Concentric cylinder viscometer

Shear rate 7 Shear - rate dependent viscosity 7(y):

W R (r R ) T where the torque acting on the
y = R 1_;3 77(7/) = o\ =4 — surface of the inner cylinder T is:
2 1

. 2 .
Y 2rR Hy T = |:O'r9 . (zﬂRlH)JRI
(homogeneous) 1
R,, R,: Radiiof inner and outer cylinders w,: Angular velocity of inner cylinder,

H: Height of cylinders T: Torque on inner cylinder



Hopadeiypoto: IEmdEC GLUVAPTNGEL TOV PLOLOV TAPAUOPPMOCTC

| I I I |
10° g=8——n— —
__10¢ —
» ———
g e iy
= 0% - A 388 : |
= 403
o 423
ol T(K) , 443 B
0 463
e 483
10 1 |V 513 | | | | |
104 1073 102 j0-! 1 10 102 10° 104

Non-Newtonian viscosity 7 of a low-density polyethylene at several different temperatures

27



IEwooueTpo DV-2P Anton-Paar

Specifications

Measuring range
{with =tandard

spindles)

Resolution
{depending on

the range)

Resolution

Precision
Repeatability
Spindle speeds

L-model
R-model

H-model

L-rnodel
R-model

H-maodsl

Lo Visc, Adapter
visc, <10,000 mPa-s
visc, =10,000 mPa-s

DV-1P

15 to 2,000,000 mPa-s
100 to 13,000,000 mPa-s
0.32%) 1o 108,000 Pa-s

Q.01 to 10 mPa-s
0.1 1o 100 mPa-s
007101 Pas

+1 % of full scale
0.2 %
18 (0.3 to 100 rpm)

DV-2P, DV-3P

15 to 2,000,000 mPa-s
100 1o 13,000,000 mPa-s
0.168% 1o 106,000 Pa-s

0.01 digit
0.1 digit
1 digit

+1 % of full scale
0.2 %
19 (0.3 to 200 rpm)

OV-2P with Small Sample Adapter
and set of TL-spindles

L0



MeTpnosic IE®o0vg

OPIZMOIL:

*To IE®mdeg draAdaTOC (O10IGTOPAC) €V YEVEL EEQPTATOL OTTO TNV
GUYKEVTPOON (KAdoua dykov ) Kot ToV puOud mopapudpp®onc:

n=ny,p)

2xeTik0 1EMOeG (relative viscosity): n.,=n/n,
*E101k0 1&moec (specific viscosity): Ny = Mrer -1
*Avnypévo 1Sdoeg (reduced viscosity): 77, =17, /c

‘Ecwtepikd 1Eddeg (intrinsic viscosity):  [n]=lim__, 77,

29



MeTpioeig IE@moovg

[TIEIPAMA 3.4 (X4)

Metpnoelc 1IE@O0VE SLPOP®V KOALOELOMV OL0IGTOPOV GUVOPTI|GEL TOV
pLOUOV TOPAUOPPWOCTC, 7/ og 0ldpopo KAdopata 0yKov, @

* X PNGIUOTOMOTE TA COUATION TOV GLVOEGATE GE OLAUPOPOVC YPOVOLC
TOAVUEPIGLLOVD.

*[Topackevdote d10OTOPES YVOGTMOV KAACULAT®V OYKOV.

*Metpnote 10 1EDOES TOVG GLVAPTNCEL TOVL 7/

*Y ToAOYIGTE TO E101KO 1EMOES KAT.

* ATOVINOTE OTIC EPWOTIGELC KO GYEOIAGTE TO OOy PALLULOTO TTOV {NTOVVTAL.

30
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