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Extrusion Blow Moulding 
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Elongation Flow 

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

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

• It is found that the tensile viscosity of a fluid is three 
time its shear viscosity (). 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 () is the ratio of tensile stress () to 
tensile strain rate ().  
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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 < 10-3 s-1) 
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Elongation flow component (De) 

Three components of deformation may be 

considered in tension. These include;  

 

– Bond stretching - Hookean - Ds - Modulus 

– Chain uncoiling - Rubbery - Du - Elastic 

– Chain slippage - Flowable - Dc 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 thinning. 
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Tensile test 

• This method is known as a constant stress test. A 
polymer rod is clamped at each end and immersed in an 
oil 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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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  
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Drawing a monofilament 

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

• This method has been questioned on the 
variation of elongation rate along the 
filament line.  

• This technique is a very close 
approximation to determine the apparent 
elongational viscosity of polymer melts. 
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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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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.  
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Orifice flow 
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Orific flow 
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Shear-extensional flow 
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Shear-extensional flow 


