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Flow Induced Crystallization  

in Melt Fiber Spinning 
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/ Department of Mechanical Engineering 

Motivation 
The melt fiber spinning process is used to make synthetic 

fibers (nylon, polyester, rayon) used in many different 

industrial applications. A molten polymer is extruded 

through a die called a spinneret, to create a thin filament, 

which is wrapped around a drum at a certain take-off 

speed farther downstream (see Figure 1). The filament is 

stretched considerably in length (while its diameter 

decreases) and cools down, becoming solid by the take-up 

point. The final properties of the fiber strongly depend on 

the crystallization morphology of the filament, but a 

complete and comprehensive model is still missing. For 

this reason, this project aims at developing a numerical 

model able to simulate the dynamics of polyethylene (PET) 

melt fiber spinning and the relationship between process 

conditions and fiber morphology. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Methods 
Flow-induced crystallization (FIC) in PET fiber spinning is 

modelled by coupling a finite element non-isothermal flow 

field solution with equations describing the crystalline 

structure formation and growth (Schneider rate equations1 

for primary crystallization and the model developed in 

Peters’ group2 for FIC). The impact of the growing crystals 

on the rheology of the viscoelastic fluid is also accounted 

for.   

1 W. Schneider, A. Koppl, J. Berger. Int. Polym. Process. 2 (1988) pp. 151-154. 

2 P.C. Roozemond, R.J.A. Steenbakkers, G.W.M. Peters. Macromol. Theory 

Simul. 20-2 (2011) pp. 93-109. 

 

Preliminary Results 
A first fiber spinning model has been developed, simulating 

the non-isothermal flow of a Newtonian fluid (see Figure 

2). The domain is axisymmetric, with the spinneret on the 

left and the take-up velocity imposed at the oulet boundary 

on the right. The viscosity of the fluid is temperature 

dependent. The temperature field is obtained by solving 

the energy conservation equation (convection-diffusion 

transport and viscous dissipations as a source term). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Oulook and Conclusions 
The next steps in order to complete the model are: 

• introduce viscoelastic fluid models, 

• include primary and flow-induced crystallization 

equations and couple them with the non-isothermal flow 

solution, 

• introduce crystal morphology development effects on 

fluid rheology. 

Comparisons will be made with experimental data, in order 

to better tune model parameters.  

The model will be used to investigate the impact of 

processing conditions (spinning rate, temperature of the 

melt, cooling conditions) on the final crystalline structure of 

the fiber.  

 

Figure 1: Schematic view of the melt spinning process. 

Figure 2: Melt spinning of a Newtonian fluid. From the top: 

the velocity magnitude in m/s, the temperature in °C and 

the viscosity in Pa s. For the sake of visualization, the 

vertical axis has been scaled four times. 


