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Introduction

Recently, interests in complex fluids are growing. Complex fluids are used in
many fields of industry like foods, personal care products and biological
applications. Elucidation of the relationship between the microstructures of
complex fluids and its physical properties is very important for its application.
Up to date, microstructures of complex fluids are generally characterized by
the rheological properties obtained from the small amplitude oscillatory shear
(SAOS) flow, in which the microstructures are slightly deformed from its
equilibrium configuration, so called linear viscoelasticity. In this regime, the
stress response to the sinusoidal strain is also sinusocidal curve, and decomposed
into storage modulus and loss modulus. As the strain amplitude increases, the
stress response begin to deviate from the sinusoidal shape and the nonlinear
regime begin, where the complex fluids usually undergoes in practical
application. Under the Large amplitude Oscillatory Shear(LAQOS) flow, the
microstructure will be destroyed and reconstructed repeatedly. The rheological
properties obtained in this regime by commercial rheometry lose its physical
meanings. More precise information in this regime can be derived by a
spectral analysis by a Fourier Transformation(FT). Fourier Transformation of
the stress response decompose its higher harmonics into frequency domain.
We calculate the stress response under the LAOS for three network models;
Marrucci model, Liu model and modified Lodge model. Fast Fourier
Transformation(FFT) results show the differences between the network
models.
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Theory

Marrucci model

The equation for the distribution of active chains
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The equation for the distribution of pendent chains
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The stretching force
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The rate coefficients

a(R)= ay+ al—%ﬂ

AR =——

Liu model

for simple shear
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The kinetic equation
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Modified Lodge model

Constitutive equation

t;+ A ry= kT L/f>(t) A7y

+ kTl [Ny A=l 2018
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The creation & loss terms
At)=explal 7))
g()=exp(bl 7y2l)

Results
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Some examples of FT analysis for Marrucci and Liu model are given below.
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Fig 1) Ay=5.62, Marrucci model
(G’ & G'' overshoot)
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Fig 3) A7=5.62, Liu model
(shear thinning)

Fig 2) Ay=100, Marrucci model

(G’ overshoot & G’’ decrease and

increase)
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Fig 4) Ay=23.82, Liu model
(weak overshoot)
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Fig 5) Intensity of higher harmonics Fig 6) Intensity of higher harmonics
for Marrucci model for Liu model

Conclusions

In the FT analysis the intensity of higher harmonics is closely related to the
microstructure of the complex fluids and the higher harmonics have a similar
pattern to the properties in the nonlinear region. In most network model the
intensity of higher harmonics is in proportion to the square of strain but in
Marrucci model it has a different pattern from other network model.
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