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Soft matter and Rheology attract much academic and industrial attention. The constitutive 

model of viscoelastic flow, which determine the relationship between stress and share rate, is 

a major problem but remains elusive. A lot of constitutive models have been proposed in the 

effort of making the theoretical prediction agree with the available experimental evidence, 

such as Oldroyd-B[1], Linear-PTT[3] and FENE[4]. However, the mathematical form taken 

by the theory should not only be tested under well-controlled kinematic conditions, such as 

simple shear, but also be used to make predictions in more complex flows, as encountered in 

applications. Flow past a cylinder is a typical complex geometry and an important benchmark 

problem for viscoelastic simulation. 

In this research, the numerical simulation of time-dependent two-dimensional inertial 

viscoelastic flows around a circular cylinder is investigated with the diffusive Rolie-Poly[2], a 

single-mode constitutive model derived from a tube-based molecular theory. The model is 

novel for this case and therefore a comprehensive comparison is carried out with Oldroyed-B 

and Linear-PTT (see Fig. 1). These constitutive models are investigated on the parallel open 

source CFD toolbox OpenFOAM. The simulation is performed by employing a second order 

parallelized finite volume method (FVM) in both spatial and the temporal domain. The 

numerical results of inertial viscoelastic flow behind the circular cylinder illustrate the 

significant effect of the elasticity on the flow structure. The vortex shedding and recirculation 

exit behind the cylinder under low Reynolds numbers (see Fig. 2). Compared to Oldroyd-B 

and Linear PTT model, Rolie-Poly model shows better constitutive stabilities and the capable 

to simulate high Weissenberg numbers problems.  



 

Fig. 1 The shear viscosity curve as a function of shear rate obtained from the flow simulation 

based on Rolie-Poly, Oldroyd-B and Linear-PTT model (τd/τR = 10,η0 = 0.08) 

 

Fig. 2 Vorticity snapshot at Wi=10 and Re=112.5 based on Rolie-Poly model 
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