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Abstract:
The objective of this study is mainly to review recent work concerning the numerical modeling of the stick-slip
and gross melt fracture polymer extrusion instabilities. Three different mechanisms of instability are discussed:
(a) combination of nonlinear slip with compressibility; (b) combination of nonlinear slip with elasticity; and (c)
constitutive instabilities. Furthermore, preliminary numerical simulations of the time-dependent, compressible
extrudate-swell flow of a Carreau fluid with slip at the wall, using a realistic macroscopic slip equation that is
based on experimental data for a high-density polyethylene, are presented.

Zusammenfassung:
Das Ziel dieses Übersichtsartikels ist es die neueste Arbeiten der numerischen Modellierung des “stick-slip” und
der Extrusionsinstabilitäten bei Polymeren, die durch Schmelzebruch verursacht werden, vorzustellen. Es wer-
den drei verschiedene Instabilitätsmechanismen besprochen: (a) die Kombination von nichtlinearem Gleiten
mit Kompressibilität; (b)  die Kombination von nichtlinearem Gleiten mit Elastizität; und (c) konstitutive Insta-
bilitäten. Im weiteren werden vorläufige numerische Simulationen von zeitabhängiger, kompressibler Stran-
gaufweitung einer Carreau-Flüssigkeit mit Wandgleiten vorgestellt, wobei für HDPE eine auf experimentellen
Daten beruhende makroskopische Gleit-Gleichung verwendet wird.

Résumé:
L’objectif de cette étude est principalement de passer en revue les travaux récents qui visent à modéliser
numériquement les instabilités rencontrées lors de l’extrusion de fondus de polymères telles que le glissement-
accrochage et le phénomène de fracture. Trois mécanismes différents d’instabilités sont discutés: (a) la combi-
naison d’un glissement non linéaire avec la compressibilité; (b) la combinaison d’un glissement non linéaire avec
l’élasticité; et (c) les instabilités constitutives. De plus, des simulations numériques préliminaires sont présen-
tées. Elles simulent l’écoulement d’extrusion compressible avec gonflement d’un fluide de type Carreau avec
glissement aux parois. Ce dernier est modélisé à l’aide d’une équation macroscopique réaliste, basée sur des
données expérimentales obtenues avec un polyéthylène haute densité.

Key Words: Extrusion instabilities, Melt fracture, Slip, Carreau model, Oldroyd-B model, Compressible flow, Con-
stitutive instability, Viscoelastic flow

© Appl. Rheol. 12 (2002) 88-104

AR •Vol 12• Nr 2 • 04/02.qxd  08.05.2002  11:17 Uhr  Seite 88

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org



[78] Pearson JRA, Petrie CJS: On the Melt-Flow Insta-
bility of Extruded Polymers, Proc. 4th Int. Rheo-
logical Congress 3 (1965) 265-282.

[79] Georgiou GC: On the Stability of the Shear Flow
of a Viscoelastic Fluid with Slip along the Fixed
Wall, Rheol. Acta 35 (1996) 39-47.

[80] Fyrillas M, Georgiou GC: Linear Stability Dia-
grams of the Shear Flow of an Oldroyd-B Fluid
with Slip along the Fixed Wall, Rheol. Acta 37
(1998) 61-67.

[81] Brasseur E, Fyrillas MM, Georgiou GC, Crochet
MJ: The Time-Dependent Extrudate-Swell Prob-
lem of an Oldroyd-B Fluid with Slip along the
Wall, J. Rheol. 42 (1998) 549-566.

[82] Shore JD, Ronis D, Piché L, Grant M: Model for
Melt Fracture Instabilities in the Capillary Flow
of Polymer Melts, Phys. Rev. Let. 77 (1996) 655-
658.

[83] Shore JD, Ronis D, Piché L, Grant M: Theory of
Melt Fracture Instabilities in the Capillary Flow
of Polymer Melts, Phys. Rev. E 55 (1997) 2976-
2992.

[84] Shore JD, Ronis D, Piché L, Grant M: Sharkskin
Texturing Instabilities in the Flow of Polymer
Melts, Physica A 239 (1997) 350-357.

[85] Pearson JRA: Mechanics of Polymer Processing,
Elsevier, London (1985).

[86] Georgiou GC, Crochet MJ: Compressible Viscous
Flow in Slits, with Slip at the Wall, J. Rheol. 38
(1994) 639-654.

[87] Georgiou GC, Crochet MJ: Time-Dependent
Compressible Extrudate-Swell Problem with Slip
at the Wall, J. Rheol. 38 (1994) 1745-1755.

[88] Georgiou GC: Extrusion of a Compressible New-
tonian Fluid with Periodic Inflow and Slip at the
Wall, Rheol. Acta 35 (1996) 531-544.

[89] Den Doelder CFJ, Koopmans RJ, Molenaar J, Van
de Ven AAF: Comparing the Wall Slip and the
Constitutive Approach for Modelling Spurt
Instabilities in Polymer Melt Flows, J. Non-New-
tonian Fluid Mech. 75 (1998) 25-41.

[90] Ranganathan M, Mackley MR, Spitteler PHJ: The
Application of the Multipass Rheometer to Time-
Dependent Capillary Flow Measurements of a
Polyethylene Melt, J. Rheol. 43 (1999) 443-451.

[91] Kumar KA, Graham MD: The Effect of Pressure-
Dependent Slip on Flow Curve Multiplicity,
Rheol. Acta 37 (1998) 245-255.

[92] Yerushalmi J, Katz S, Shinnar R: The Stability of
Steady Shear Flows of some Viscoelastic Fluids,
Chem. Eng. Sci. 25 (1970) 1891-1902.

[93] McLeish TCB, Ball RC: A Molecular Approach to
the Spurt Effect in Polymer Melt Flow, J. Polym.
Sci. B24 (1986) 1735-1745.

[94] Lin YH: Explanation for Stick-Slip Melt Fracture
in Terms of Molecular Dynamics in Polymer
Melts, J. Rheol. 29 (1985) 605-637.

[95] Kolkka RW, Malkus DS, Hansen MG, Ierley GR,
Worthing RA: Spurt Phenomena of the Johnson-
Segalman Fluid and Related Models, J. Non-
Newtonian Fluid Mech. 29 (1988) 303-335.

[96] Vlassopoulos D, Hatzikiriakos SG: A Generalized
Giesekus Constitutive Model with Retardation
Time and its Association to the Spurt Effect, J.
Non-Newtonian Fluid Mech. 57 (1995) 119-136.

[97] Aarts K, Van de Ven AAF: Transient Behaviour
and Stability Points of the Poiseuille Flow of a
KBKZ-Fluid, J. Eng. Maths. 29 (1995) 371-392. 

[98] Decruppe JP, Cressely R, Makhloufi R, Cappelaere
E: Flow Birefringence Experiments Showing a
Shear-Banding Structure in a CTAB Solution, Col-
loid Polym. Sci. 273 (1995) 346-351.

[99] Mair RW, Callaghan PT: Shear Flow of Wormlike
Micelles in Pipe and Cylindrical Couette Geome-
tries as Studied by Nuclear Magnetic Resonance
Microscopy, J. Rheol. 41 (1997) 901-924.

[100] Britton MM, Mair RW, Lambert RK, Callaghan PT:
Transition to Shear Banding in Pipe and Couette
Flow of Wormlike Micellar Solutions, J. Rheol. 43
(1999) 897-909.

[101] Callaghan PT, Cates ME, Rofe CJ, Smeulders JBAF:
The Spurt Effect Observed in Wormlike Micelles
Using Nuclear Magnetic Resonance Microscopy,
J. Phys. II France 6 (1996) 375-393.

[102] Hunter JK, Slemrod M: Viscoelastic Fluid Flow
Exhibiting Hysteretic Phase Changes, Phys. Flu-
ids 26 (1983) 2345-2351.

[103] Fyrillas M, Georgiou GC, Vlassopoulos D: Time-
Dependent Plane Poiseuille Flow of a Johnson-
Segalman Fluid, J. Non-Newtonian Fluid Mech.
82 (1999) 105-123.

[104] Spenley NA, Yuan XF, Cates ME: Nonmonotonic
Constitutive Laws and the Formation of Shear-
Banded flows, J. Phys. II France 6 (1996) 551-571.

[105] Malkus DS: Numerical Simulation of Shear-Flow
Dynamics of Three Simple Flows using the John-
son-Segalman Model, RRC144, University of Wis-
consin, Madison (1997). 

[106] Aarts ACT: Analysis of the Flow Instabilities in the
Extrusion of Polymeric Melts, Ph.D. Thesis, Eind-
hoven University of Technology, The Nether-
lands (1997). 

[107] Yuan XF, Ball RC, Edwards SF: A New Approach
to Modelling Viscoelastic Flow, J. Non-Newton-
ian Fluid Mech. 46 (1993) 331-350.

[108] Georgiou GC, Vlassopoulos D: On the Stability of
the Simple Shear Flow of a Johnson-Segalman
Fluid, J. Non-Newtonian Fluid Mech. 75 (1998) 77-
97.

[109] Malkus DS, Nohel JA, Blohr BJ: Oscillation in Pis-
ton-Driven Shear Flow of a Non-Newtonian
Fluid, in Numerical Simulation of Non-Isother-
mal Flow of Viscoelastic Liquids, Dijksamn JF,
Kuiken GD (Eds.), Kluwer, Dordrecht (1993) 57-71.

103Applied Rheology
March/April 2002

AR •Vol 12• Nr 2 • 04/02.qxd  08.05.2002  11:17 Uhr  Seite 103

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org



[110] Olmsted PD, Radulescu O: Johnson-Segalman
Model with a Diffusion Term in Cylindrical Cou-
ette Flow, J. Rheol. 44 (2000) 257-275. 

[111] Yuan XF: Dynamics of Mechanical Interface in
Shear-Banded Flow, Europhys. Lett. 46 (1999)
542-548. 

[112] Lu CYD, Olmsted PD, Ball RC: Effects of Nonlocal
Stress on the Determination of Shear Banding
Flow, Phys. Rev. Lett. 84 (2000) 642-645. 

[113] Español P, Yuan XF, Ball RC: Shear Banding Flow
in a Johnson-Segalman Fluid, J. Non-Newtonian
Fluid Mech. 65 (1996) 93-109.

[114] Greco F, Ball RC: Shear-Band Formation in a Non-
Newtonian Fluid Model with a Constitutive
Instability, J. Non-Newtonian Fluid Mech. 69
(1997) 195-206.

[115] Ashrafi N, Khayat RE: A Low-Dimensional
Approach to Nonlinear Plane-Couette Flow of
Viscoelastic Fluids, Physics of Fluids 12 (2000)
345-365.

[116] Molenaar J, Koopmans RJ: Modelling Polymer
Melt-Flow Instabilities, J. Rheol. 38 (1994) 99-
109. 

[117] Wang SQ, Barone JR, Yang X, Deeprasertkul C,
Plucktaveesak N, Chai CK, Capaccio G, Hope PS:
Flow Instabilities in Polymer Processing: Past

Controversies, Current Understanding, and
Future Challenges, in Proceedings of the XIIIth
International Congress on Rheology, Binding
DM, Hudson NE, Mewis J, Piau JM, Petrie CJS,
Townsend P, Wagner MH, Walters K (Eds.), Vol.
3 (2000) 164-166.

[118] Lim FJ, Schowalter WR: Wall Slip of Narrow Mol-
ecular Weight Distribution Polybutadienes, J.
Rheol. 33 (1989) 1359-1382.

[119] El Kissi N, Piau JM: The Different Capillary Flow
Regimes of Entangled Polydimethylsiloxane
Polymers: Macroscopic Slip at the Wall, Hystere-
sis and Cork Flow, J. Non-Newtonian Fluid Mech.
37 (1990) 55-94.

[120] Adewale KEP, Leonov AI: On Modeling Spurt
Flows of Polymers, J. Non-Newtonian Fluid
Mech. 49 (1993) 133-138.

[121] Georgiou GC, Schultz WW, Olson LO: Singular
Finite Elements for the Sudden-Expansion and
the Die-Swell Problems, Int. J. Numer. Methods
Fluids 10 (1990) 357-372.

104 Applied Rheology
March/April 2002

AR •Vol 12• Nr 2 • 04/02.qxd  08.05.2002  11:17 Uhr  Seite 104

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org


