MTT 651: Polymer Rheology
(Introduction to elongational flow)

Prof. Dr. Narongrit Sombatsompop

Polymer PROcessing and Flow (P-PROF) Group

King Mongkut’s University of Technology Thonburi



3 -

- - Tesy =2 e I L T L L e L L S sl s T e T
- e T - - -y 2= SR N - - -~ To, mda o
o ST (A e S PR T I P I AR N A g E o K P e
IR g L A4 M A A LI I I -
- - - - -l - N -
P A Sl i SR AL S S L e P ars PO —
tati
—— v e v = v et r
v . . z r 2 v
D T A A I 1 - TN e anT . avs o wnts o egemt
N S S D T i R P T i o"-"’" D R A o Pl I e D .
2
- -~
P

I -
L PRV
v
vy
= P
T . . PR A < e e
- - -~ - - - - -
S e T L L e L N L Ry e A L N T L T M e .
T e T e T e T T e - e L T T e LA L T - -
- ey ar ety Ye o el 0w "eL c - Arals —d'n = A mal Y R i Lo
4 S e, N Y U e ', ~ ' S AT, e T -,y X
L I U U YA SR N I R A F & R U Bt O PN L Py it

Screw Polymer melt flow

’ "
% L
f‘-.‘t .}
.

Ter o e e e N
. ~ > -
AT T

Lided

| i - Vo X &5 o
gﬂ 6.3 mslvavemedeitasumalyTnamuluniodnsa
[Sombatsompop; 2000]



Extrusion Blow Moulding

Stretch rod ﬁg-
'—|

_— Preform

Stretched &
blown bottle

Expanding |
air pressure

Mold
cavity




an . . LA
Latr T e e, o - -t
- ~ AR - - e r", o~ - — - ,—l‘
L L - 4 - 4 A s >y
ST & e L= Ly PR )
- -, - — 5 - -— - -— .-
> re ' 2 (e A v da 3

Non-return Screw tip

Screw
value

Nozzle

311 6.4 nNilnavesnadweinasutnansnathialusinsianadiuss

[Sombatsompop; 2000]



\
e
>
>
/
(a) Extensional flow | (b) Shear flow

. R MEE
1l 6.5 dnvuzmndepliuuAuesumidehohiupniinede
(2) O > 10° uaz (b) O < 10° [Cogswell; 1981]



Die entrance

essure—dniven-flow

hing region

CE R R L B R R

—flow region

5. X
13Ul [Leblanc; 1986]

Plug

\ Rapid-stretc

- e

|

ALUDITVABUNAIVBNIN

|

il 6.6 nistuavosne

3
o



Haul-off

ing air

Filter

Cool

Conveying

bt
)
-

st

Melting

Feedstock

[Cogswell; 1981}

TunwossauvuihWdy

&t
ANl

msideguuy

AnuY

31] 6.7



Velocity distribution
away from the front Flow front

Gate /

\Fr -
- = —
F—>.__

T X

Frozen layer Fountain flow

gﬂ 6.8 anvuzrmadvnluuiafsluniRuiianedues [Dealy & Wissbrun; 1990]



— — —r — — — —— —— — Ty ——— A —— — — — — T ———. — ——— — —

S

o &
g‘i} 6.9 anvamaduniunidadcunizyiunsvusddsgyamet [Cogswell; 1981]



Elongation Flow

Applications in melt spinning, injection and extrusion
blow mouldings, blown film, fiber spinning, vacuum
forming and extrusion coatings.

The tensile viscosity (1) of polymer melts was first
determined by Trouton.

It is found that the tensile viscosity of a fluid is three
time its shear viscosity (n). Look at the below:

A polymer melt cannot be moulding by pouring it into the
mould.

The bobble does not easily burst in blown film extrusion

Tensile viscosity (L) is the ratio of tensile stress (o) to
tensile strain rate (g).



Elongation Flow
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Elongation and shear viscosities

* The tensile viscosity of a fluid is usually

three time its shear viscosity (at low strain
rate < 103 s1)

A =3M

A= clongational viscosity

T] = shear viscosity



Elongation flow component (D)

Three components of deformation may be
considered in tension. These include;

— Bond stretching - Hookean - D, - Modulus

— Chain uncoiling - Rubbery - D, - Elastic
— Chain slippage - Flowable - D, Viscous
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Type of Elongation Flow
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Type of Elongation Flow

Troutonian is usually the term used to refer to the
elongational deformation of fluids.

Troutonian Is equivalent to the Newtonain in shear flow
and, non-Troutonian behaviour is analogous to non-
Newtonian one.

Non-Troutonian can be subdivided into tension
stiffening and tension thinning. In tension stiffening
non-Troutonian fluids, the tensile viscosity increases
with strain rate whereas in tension thinning fluids, the
viscosity decreases with the rate of strain.

Most polymer melts respond to the Troutonain.
Branched LDPE and cis 1,4-polyisoprene at the low
temperature (~80 oC) exhibits tension stiffening. Linear
polyolefins such as HDPE, poly(4-methyl pentene-1)
and PP are tension thlnnlng



Tensile test

This method is known as a constant stress test. A
polymer rod is clamped at each end and immersed in an
oll bath, one clamp being fixed while the other is allowed
to move in the opposite direction to the first.

The stress is kept at a constant using the cam, while the
cross-sectional area of the extending specimen
decreases. The results are in the form of a plot between
extension and time. By extrapolating the curve back
to zero time the elastic component can be
determined.

This method has been found to face many difficulties

such as clamping the test specimen and limitation of
material viscosity and testing time.
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Tensile test
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Tensile test
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A LDPE £ (s)
T = 150°C

Elongational viscosity O/€ (Ns.m™)

Time, t (s)
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Drawing a monofilament

* Extension process of a single faliment is a
constant rate test. This must be
appreciated that the cross section of the
test specimen is changing rapidly during
testing.

* The principle is that the stress varies with
time along the extension line



Drawing a monofilament

* With the technique of drawing a
monofilament, melt strength information
needs to be known and recorded.

* This method has been guestioned on the
variation of elongation rate along the
filament line.
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Drawing a monofilament
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Drawing a monofilament
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Sheet inflation method
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Sheet inflation method
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Convergent flow
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Convergent flow

* This method Is based on elastic deformation of
the polymer melt as it flows at the die entry of a
capillary rheometer under isothermal condition.

* The flow profile in the barrel is assumed to be
simple convergent cone flow.

* The elastic strain is considered to be equal to
log B2 where B is the maximum die swell for
dies of zero length. Total strain is equal to log A2

where A is the ratio of diameter of convergent
cone (ro) in the barrel to that (r) in the die entry.




Convergent flow
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Orifice flow
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Shear-extensional flow
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Shear-extensional flow
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