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Introduction to Fluid and Polymer Melt

* Fluids
* Rheology
* Viscosity

 Laminar and turbulent

flows

« Steady and non-steady

flows

Plug flow

Shear flow (drag and

pressure flows)
Shear stress and shear rate
Elongational flow

Visco-elasticity

Polymer PROcessing and Flow (P-PROF) Group
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Introduction to Fluid and Polymer Melt
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Introduction to Fluid and Polymer Melt
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Introduction to Fluid and Polymer Melt

* Inviscid fluids (viscosity=0) + Non-linear elastj - Is

 Linear viscous fluid (Newtonian, (rubber)

water)
 Linear elastic materials

« Non-linear viscous fluids (Newtonian, _
(spring)

suspension)

. . . .  Non-deformable solid
« Linear viscoelastic materials (non-

Newtonian/ small deformation) (viscosity = infinity)

« Non-linear viscoelastic materials (non- (Solid)

Newtonian/ large deformation)

(Fluids)

Polymer PROcessing and Flow (P-PROF) Group
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Introduction to Fluid and Polymer Melt

—

* Thixotropic fluids - Shear stress decreases with

time for a given shear rate. (yogurt, salad

dressing)

* Rheopectic fluids - Shear stress increases with

time for a given shear rate. (suspended fluids,

mud)

Polymer PROcessing and Flow (P-PROF) Group
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Introduction to Fluid and Polymer Melt
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Introduction to Fluid and Polymer Melt
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Introduction to Fluid and Polymer Melt

-

* Newtonian fluids: Viscosity is independent of
shear rate. The ratio of shear stress and shear

rate 1S constant.

* Non-Newtonian fluids: Viscosity 1s dependent

on shear rate.

Polymer PROcessing and Flow (P-PROF) Group
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Introduction to Fluid and Polymer Melt

«  Pseudoplastics fluids (shear thinning fluids) !c! as

polymer melts, rubber liquids, adhesives, biological

fluids and grease.

« Dilatant fluids (shear thickening fluids) such as PVC

pastes and flour in water.

Bingham fluids such as paints, clays, pea slurry,

magarine, soaps, paper pulp, sewage sludge.

"' Polymer PROcessing and Flow (P-PROF) Group

P-PROF i

10



PR A o a o
ﬂ??ﬂgﬂ??ﬂ!ﬂﬂ?ﬂﬂ‘ﬂ@d ?‘Hﬁ!!ﬁ&’W@ﬁ!N@iWﬁBMWﬁTJ

Introduction to Fluid and Polymer Melt
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Introduction to Fluid and Polymer Melt

Power law index and Power law consistency

logz =1logK + nlogy

The n value indicates the type of fluids as follows:

Newtonian fluids n =1
Non-Newtonian fluids n # 1
m Pseudoplastic fluids: n< 1

m Dilatant fluids: n > 1

Polymer PROcessing and Flow (P-PROF) Group .
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Introduction to Fluid and Polymer Melt

anwaniusszrnae Log (shear stress) sy Log (shear rate)
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Introduction to Fluid and Polymer Melt
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Introduction to Fluid and Polymer Melt

« 10 poise =

 Air (gaseous)
 Water

« Qll

* Glycerine

* Syrup

* Polymer melts
* Glass
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Introduction to Fluid and Polymer Melt

Weissenberg effects for

Newtonian (a) and Viscoelastic fluids (b)
-

Polymer PROcessing and Flow (P-PROF) Group
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Introduction to Fluid and Polymer Melt

v/ Aa J Y =
WgANTIUMTUINAIVOINe Ao SHaomHaIvazonan (die swell)

Swollen extrudate
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Introduction to Fluid and Polymer Melt

Flow of polymer melts in a rheometer
-

Polymer PROcessing and Flow (P-PROF) Group
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Introduction to Fluid and Polymer Melt

Recoiling behaviour of viscoelastic fluids

Polymer PROcessing and Flow (P-PROF) Group
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Introduction to Fluid and Polymer Melt

Dead flows of polymer melts

g, Polymer PROcessing and Flow (P-PROF) Group
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Introduction to Fluid and Polymer Melt

Elongation properties of melts
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Introduction to Fluid and Polymer Melt

 Ostwald Glass Viscometer
« Melt Flow Rate (MFR)
* Falling Ball Viscometer

* Rolling Ball

* Capillary Rheometer

-

Polymer PROcessing and Flow (P-PROF) Group
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Introduction to Fluid and Polymer Melt

Ostwald Glass Viscometer
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Introduction to Fluid and Polymer Melt

Melt Flow Rate (MFR)
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Introduction to Fluid and Polymer Melt

Falling Ball Viscometer

fluild ———
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Introduction to Fluid and Polymer Melt

Seales pipette
// - .
/ Microemulsion

~

Magnet ™\

Y phase

Small ball
bearning

Fiber optics

to detectors

Fiber optics from
light source

Rolling Ball

Polymer PROcessing and Flow (P-PROF) Group
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Introduction to Fluid and Polymer Melt

Capillary Rheometer
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Summary of wall shear stress and wall sh

2L
4Q (3n+1) 40
Yw =3 ad w0 J 4R®
For slit die
HP
T
6Q (2n+lj 6Q
Tw=wHZ ad 7w g0 ) WH?

where H and W are the die height (m) and the die width (m) respectively.



