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ABSTRACT 

Over the last few decades, impressive progress have been made in the numerical simulation of  complex 

flows like viscoelastic fluids which are relevant in many applications such as drug delivery, 

pharmaceuticals, personal care, cosmetics, food industry and so on. The flow in such viscoelastic medium 

are very complex, so  the numerical method chosen needs to be highly robust in terms of stability and 

accuracy which is quite often difficult to meet. The momentum and continuity equations form an elliptic 

saddle point problem for velocity and pressure and the constitutive equation is hyperbolic in nature [1]. In 

viscoelastic flows, due to the dependency of the viscoelastic stress tensor on velocity gradients, there 

arises some compatibility issues in the discretisation space between velocity field and viscoelastic stress 

tensor. There are many improvements in the numerical techniques to treat and maintain the elliptic nature 

of the momentum equation. Here, we implement discrete elastic viscous split stress-Galerkin (DEVSS-G) 

[1,2] for smooth interpolation of velocity gradient in the constitutive equation by considering velocity 

gradient as an additional dependent variable. Also, due to the presence of convection term in the 

constitutive equation, there can arise spurious numerical oscillations in convection dominated case. So 

stabilisation techniques like SUPG [2,3] is applied where the test function is modified and more weightage 

is being put in the upwind direction. The main focus of this work is to perform model order reduction for 

complex problems as such. We numerically investigate the stability and accuracy of the reduced order 

model for benchmark cases like flow past a sphere and 4:1 contraction flow problem. The objective is to 

address whether challenges like instability between velocity and viscoelastic stress tensor is arised in the 

reduced order model and whether we need stabilisation technique like SUPG in the constitutive equation 

or can we intrinsically remove those challenges. A methodology is developed such that without utilising 

SUPG or defining an extra equation for velocity gradient as in case of DEVSS-G, we are able to build a 

robust reduced order model within the problem definition such that it is stable and retains the same 

accuracy as the full order model in a very less computational time. Model order reduction technique like 

Proper Orthogonal Decomposition is carried out for reducing the linear system and for nonlinear reduction 

we implement DEIM and hyper reduction approach. We compare the solutions obtained with the three  

approaches and analyse the computational speed up while retaining the same order of accuracy as the full 

order model.  
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