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Multipoint Stress Mixed Finite Element Methods for Linear

Viscoelasticity

Shuyu Sun Tongji University

Abstract: When a body of material is subjected to mechanical loads, very often,
materials do not merely display elastic behavior. In many materials, previous behavior
may impact the mechanical response. In particular, viscoelastic materials possess both
elastic characteristic of solid and viscous characteristic of fluid, which is devoting an
increasing attention, particularly to the applications of synthetic polymers or
biological materials. In this talk, we propose a family of Multipoint Stress Mixed
Finite Element (MSMFE) methods for linear viscoelasticity with weak symmetry on
quadrilateral grids. The methods are constructed based on the lowest order
Brezzi-Douglas-Marini mixed finite element spaces for elastic and viscous stress,
piecewise constant velocity and piecewise constant (linear) vorticity. A special
quadrature rule is applied for local stress and vorticity elimination. This results in a
positive definite cell centered velocity-vorticity or only velocity system at each time
step. Unconditional energy-dissipation of the MSMFE methods is proved rigorously.
The accuracy of all the numerical solutions in their nature norms are established to be
first order space convergence, both for the semi-discrete and fully-discrete
formulations. Numerical results validate the theory results of the proposed methods.

This is a joint work with Prof. Yang Wang in Hubei Normal University.
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Micromechanical origins of yield stress and multiscale evolution of

structure in dilute soft particulate gels

Rishabh More Monash University (Australia)

Abstract: Soft particulate gels—ubiquitous across consumable, injectable, and
3D-printable materials—exhibit complex rheological behavior arising from their
evolving microstructure. These systems, formed by a small volume fraction of weakly
attractive colloidal particles dispersed in a fluid medium, display hallmark features
such as a finite yield stress, shear thinning, and thixotropy. While macroscopic
manifestations like yielding and time-dependent viscosity are well recognized, a
quantitative link between these behaviors and the underlying microstructural

dynamics remains elusive.
13



In this study, we explore the interplay between microscopic constraints and multiscale
structure evolution that governs the rheology of soft particulate (depletion) gels.
Using coarse-grained particle-level simulations, we uncover that the emergence of
yield stress cannot be explained solely by network connectivity or attractive forces.
Instead, we identify rotational constraints between bonded particles as a critical,
previously overlooked factor that gives rise to mechanical rigidity and finite yield
stress. Building upon this micromechanical insight, we further examine the multiscale
structural evolution of these gels under flow and rest conditions to elucidate the

origins of thixotropy.

We propose physically grounded measures of the evolving structure—ranging from
coordination number (microscopic) to cluster fractal dimension (mesoscopic) and
effective  cluster volume fraction (macroscopic)—and demonstrate their
correspondence with the phenomenological structure parameter (1) used in thixotropic
constitutive models. This framework bridges particle-level physics and continuum
descriptions, providing a unified understanding of how microstructural constraints,

hierarchical reorganization, and stress response are interlinked.

Together, these findings establish a pathway toward structurally informed rheological
models and rational design strategies for engineering next-generation soft materials
with tunable flow and solidification properties for applications spanning cosmetics,

food, bioprinting, and soft robotics.

If You Can’t Thin, You Can’t Win: Capillary Breakup as a

Benchmark for Polymer Constitutive Models

Prabhakar Ranganathan Monash University (Australia)

Abstract: Complex flows in soft matter are fundamentally about macro—micro
coupling: continuum deformation fields tightly linked to evolving microstructural

dynamics. For any complex fluid, one cannot hope to tune microstructural parameters

14



toward engineering design objectives if the constitutive model connecting these scales
is inaccurate. In viscoelastic polymer solutions, this challenge is especially acute,
since complex flows typically involve strong extensional deformations and the
buildup of large normal stresses as molecules stretch. This makes experimental testing

of constitutive models indispensable.

Capillary thinning provides the simplest complex flow--a nominally zero-dimensional
macroscopic necking dynamics governed directly by polymer microstructure. It
should therefore serve as the acid test of constitutive models: if a theory cannot
capture capillary thinning, it is unlikely to succeed elsewhere. Yet, the Capillary
Breakup Extensional Rheometer (CaBER) is still widely interpreted as a tool to obtain
a “relaxation time.” The troubling and systematic dependence of this inferred time on
device geometry reveals a deeper truth: CaBER does not measure a relaxation time,
but rather probes a self-selected extensional strain rate set by the balance of capillary

and polymer stresses.

In this talk, I shall demonstrate this idea for dilute and semidilute-unentangled
polymer solutions by showing that while both the FENE-P and the
Conformation-and-Concentration Dependent Drag (C2D2) models appear to predict
the same qualitative behaviour, only the latter is able to systematically predict and
explain experimental observations across a wide range of polymer—solvent
combinations, polymer molecular weights, and concentrations. This highlights the
importance of incorporating the physics of both intra- and intermolecular
hydrodynamic interactions into the constitutive model. I shall briefly outline how the
C2D2 model can be extended with insights from blob theory to include multimodal
response, polydispersity, as well as other interactions including excluded volume or
electrostatic interactions. With the correct microstructural model, one can also clarify

what is universal — leading to data collapse onto master plots — and what is not.
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High-order and physics-preserving schemes for two-phase flows in

porous media

N IWRKEF

#E: In this talk, we first present several high-order and physics-preserving
numerical schemes for two-phase flow in porous media. The constructed schemes
only need to solve one linear system and a nonlinear algebraic equation with
negligible computational cost at each time step. We also prove that the proposed
schemes are energy stable, global mass-conservative and bounds-preserving for each
phase without any restrictions of time step size. Furthermore, we will present recent
developments in ensuring local mass conservation and preserving original energy

dissipation.
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TEIRAKR 715 7ESIAM J. Numer. Anal., SIAM J. Sci. Comput., Math. Comp., J.
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HATHBUES S, Rt 7 T B X BERHE&S D THRRKBARMET N, 4
TR HES . ah A5, ADURIIEIL 7 SLI R B & Ak a5 K L AR e
B, SRS 1A AR 5 e 01 AR RO T [R] U 5 45 F A P ) AL AE AT LR

AN L, WEREEIR, BEMERASHRIEEEE, EENHELH
BRI SR RN, s i A n] o SO S AR AR T T e g
i [ X E R R R R T SR T R BT U E AN TE [ 2K E SRR
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T ) H AR B R 55 0K ) 1130 77 2 BRSSP BUEAR D 5 I 5T

#fF  TEMERIEGES RERET IR

T REVEI R AR T HER R G h, AR R BAEFR 5 UK sk i3l T A R
B o AR I — Gt B AT A S R BRAE R BB AR VK 25
AR AR I FE o AL B ERTT T, i B e A R 2 T AUt S i S T AR I
IR %, BURCEE X R At N 45 M T A X803 i ik o 12kl A 1k
()P 3 A B ) S T VL C 25 SRR ROTAT 5 Bk BEOR AR, W R R R AL 4k
SRGRME TR I RAESE . FEUKIR B T T, vk AR S A it Bk oK R =
o —— VKU P B B B S oy, HeBh 7oA AR XK BE IR T i _ETHATS,
10k R GO B R AT BRI S o T 5 K53t — 25 AL UK DK g i S AR AU, ik AN
RIER) B RAEUETTIE, VLA TR UK S BE R, B 7R SEI R At s~ R
BRIFAT A AR R K TR AL T 5

ANES: A, REREEGRECES RAREF AL, BITFF O, 20064 AR E
W T AR KRB, 20114 TR 4 5 R okt 7 B gk B 1 24
2011 EAFEPRIGEC: 5 RGERFAIF T LAE. LB FIT: TR X
Gy R T M ER A R ) 8 B 75 . B 7E (SIAM Journal on Scientific
Computing) . {Journal of Geophysical Research) . {The Cryosphere) 25112 %
SR ERY)ER R R R 2 RS 2E AR S AEVK R BB 5 T, e T SRARIK
i B AL ADL PR AR 2 07 R L IR v RO AR 5 1 AN SRR 2 P D R AL 1) s 2 T 1 7
2, FEUER T B R AR PR OK 55 BUE B A PoLarlS;  FESIUISI Bl 7 X 35
SR JT THHR BT 0T A 4 DX i R
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Projection-free iterative schemes for some non-convex constrained

variational problems

¥ AR R BT S B

$E: In recent years, numerous numerical studies have been conducted on
non-convex constrained energy minimization problems. Projection-free gradient flow
methods, which handle constraints through tangent space updates, have been widely
employed and analyzed. In our recent work, we propose a general framework for
analyzing constraint violations in any projection-free iterative scheme that utilizes the
tangent space update strategy. Furthermore, we enhance the conventional gradient
flow by incorporating momentum terms. Our new algorithms show accelerated

convergence and achieve higher-order constraint consistency.

AN NS B, 2021 AE SR E S B2 RS U 22, B b s AR 7
WA T B B ERIE T 53 o A BT U 3 ZEORTEAT M RERE S S5 (AR S B 1) 2
iy RS HED T

Toward Al-Enabled Predictive Modeling of Elastic Turbulence and

Turbulent Drag Reduction

RFE I~ PN K%/Guangzhou University

#Z/Abstract: Turbulent Drag Reduction (TDR) and Elastic Turbulence (ET) are
extreme manifestations of the nonlinear dynamics of polymer solutions. In this talk,
we shall discuss the fundamental challenges in the predictive modelling of TDR and
ET, and how AI could accelerate a better understanding of the multiscale dynamic
coupling mechanisms between polymeric chain molecules and the eddies of different
sizes in these two dynamic extremes. A machine learning method for the

super-resolution reconstruction of turbulence will also be proposed and validated.

MANES: Professor YUAN Xue-Feng obtained a PhD from the University of
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Manchester, UK in 1989. He is a Chartered Physicist, a Fellow of the Institute of
Physics (FInstP) and a Fellow of Royal Society Chemistry (FRSC). He is the
President, Chinese Society of Rheology (CSR), the Chinese Delegate of the
International Committee on Rheology (ICR). He has more than 40 years research

experience in theoretical, computational and experimental rheology of complex fluids.

B IR LA RN LA RE R A 7 VR B ML

BRIR JERREE

FHE . 76 Pl A, T 54K 715 (Computational Fluid Dynamics, f&#XCFD)
W 2N R EINEH 2 —, BN Z AT EER R TR AT
CFDAE B 15 55U LT, 5 KRR e B 2% IR L [FICFD, i i A 3]
125 [ 45 () T b P AN TT {5 B o #EA for Science FIRHIFHE R IRM T, IR ST AR
RN TR RE TR WAL G A X P AR 1), MARAS B3RTE T 5 44 | B
TR BB AN . R 2 T, #il OB 2r Z£ T AL for Scienceltf AUIF
K IFFIETHE T & DeepFlame, I 73 EHRBETART 58 5 M4 % 2 Al PR RE T 5400
A XV R R 5 Sk

AN BRI, AERURSE S TR B e i WS, bRl R =2 st
FEBRRIBE K . 20 164FFREIMF R 241 1224, 202 NHRAE RS, EERTFLIT 1A
T iAke. mtERETHSL. Al for Science®®. THFEZF AR ST —RALHE
REE KA A THRIE GO H . AURBE TR AR I H . A% E K HFERRANA
W E RS AR TR, kR E 2K TPt Exceptional Talent®%.  [E FRA
¥ 4xBernard Lewis Fellowship¥. ITH KRB THEN AN TR, mitaeitES
PRI AR EEAIR I ZE X, £ 5 T DeepFlame /Y5 5+ FlameBenchF} - H i 455
Al for Science R A A G TAE, AH IS K& K SIHLALR FH AR 3820254 1 [ 1 55
DRSS SEH =8 5 S EVALEE AN
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WE: ERTI R AR 3230 ik A ML S 7 U J& 7 9L, RSl 7 ICPINN
J7VEAE FLSI = Bl ik i g TR BE ) TSR S R o Bk, Al
S R 5 1 4 e e o 2 X 2 R T R AR L0 1) FROIRG B2+ %of T 54 B2 2 P i e T A2
A E DK, T R A B S ) 2 R K BE Galerkin 77 V£ (Deep  Galerkin
method) X4 2514, 7 fit a2 210 5 J0 o i 10 T A0 3R

AN 57, T TR #ER L BT, hES s A 2w 5,
BRpE s Tl S AR HEK. /S 510RIEREEHHH, KR
FARWILOORTE, IS L E/FHM3H. PRI E R A EAR S RIT, Peitim<s
FRBHATR —TFRIT, Bl @5 AR E BRI TR TS R — 52170

ALERAEERSZ RERUEL T HRINMNA

ARM  FEA#BAZE JERD

WE: N TE BRI 2 RIEBHFIARR S O TAT W R BL SO it 1 i
B o BEXTL TR 2 RUE R 28 5 SC a0 e s, I BORIE L B5 RUZ iR
e il N S e P K ) DUy I S ST N P VBV RSP S VR L DS
Bo AR B G TR AEA T I 8 ) BAR S EAT s A T
BT BAR R

AN BN, BB, BB, S ERR GRS L0, PEA
WK b)) FBHERRAA btdicmOit R E S AA 2 RETE =
fMEF, LU “Al for Science” #i& 2 RSN TTTFE, B E SRR K
A AR B 0 S AT R S 2t 7 Tt A D24k, F4/2 5 E 2030 5%
REW, HeRHEANH., BEXFARESFEOHE . PEAMDE . o E A0
HEEZ DU REA A SRR, SR EPCE 6T CRIRETT R, LU — AR/
IEIE# & 43 £ Nat. Commun., Adv. Mater., J. Chem. Theory Comput.ZsAEJ5 Al
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PRSI RE s N LR BEBOR S ZRTT T AMLIEEE . AT 9T 5 B e A
AEATs H2d 3 & BIFEBAE RORERAR 1 B8 AR TEN S ENT TR, 2R TRk
RAWEEAN LY 2N SR, TR AR 2 B E AU TR A B St S
TR Z B FRTA, ilm2 REERG . AU AR B0E . tHE AR S S2k
WIS 2 B, REAK, BIE-BRE . 2RSSR S RETH B
S e A5 P R IR A - AR AR SR R i AR, AT 408 /N BB RADL 5 e PR L FH 22 T 14 22
iZERS

ANFIS: HHE, EHOREECA R, #UR. BRI, 2012 S TETNCE
FEEE LRI I L5240, 2014 SEREAN T MORA R e TR, EEMFETLM
i VAR RS i i o 1 e o AR E T VR 21 T AR R P K
TR G 5% LA RUSE L AADL y T f 1 —22 AT

RIa LI MERGEE R 5| A AR R B & N R4 Sk
EEHE  OWRERE

TE: N 7RIS LAARRE LS S, Bk, S m Rt RS 2 %
VERT, HF2% ARG T, 32 5 AN R AR NI BE (R 50 o AR S BA BN A
A5 B K 8 753 Al 5] NG — 3K & Von-Mises. Tresca. Mohr-Coulomb
Lade-DuncanFlMatsuoka-Nakai Fi. 74 Je IR % U 4 JU] 1) 24K 66 200(0) Sk At s 5t B
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Pt, HJE R KRG da e e ki, s S Hods B, AR
PR R B e A ARG S, e % YRk BORS BE i B AR G ROV IS AR B, A
Newton-Raphson JEIF K 1 R IVHA BN IR 5%, 5 T UMAT TAEF
IR AT IR AN KT A BRCIAFABAQUS 1. S5 /LW 1) RIIHTHAY
RE [FIIN AL AR (R[S 25 . Z5APE . BYIRANR F3 3 %% [ S 0%k, 000 45 SR 5 1
BEv& R 2) RYGHRAY IR CmRA R F, (1 TREHETNH; 3)
RIS AR FENCSIGR LR, R E B0 P s (AR D, WA ssons

FEw, FiRBATRRE AR

AN ERE, WL, B, WERY LR TR PRE R R HK S
TR, A% 5 TREZ2 WA E LR =R FE, WIEEE A%
H5TREY2REELK GHEE I F RSl E B ReERES TR RASR A,
Je 5 ERFE K B ARG AIH R A ARV E RS 3T K BB 100, ERF
HEHPBE R8T, KR¥FARRLIOZ R, HAP#SCL. BIGRIE 305
HE B X B FI1ST. 32 BB B TRERF T, U oI AR 2, IR LA
B G, BREEUIRE AL, N TR AR i TR A B K. 2017~2019
RN TR IHITE K2R 2 R I B, 20144F 3R 55 )\ o R AR 2 4R 2

Interface-Driven Multi-Scale Dynamic Simulation Method for

Multiphase Rheology
RRIG A H ERF2E B R DUE 1 SR

#E: Multiphase systems exhibit complex interactions among distinct phases and
physical processes that span a wide range of spatial and temporal scales. Traditional
modeling approaches rely on empirical closure relations to approximate interphase
interactions, which limits their generality, accuracy, and predictive capability. In this
work, we introduce a physics-based, interface-driven multiphase modeling framework
that systematically bridges phase-scale dynamics and continuum-scale representations

through a unified one-field approach. By informing interfacial mechanics—such as
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momentum, heat, and mass transfer—at the phase boundaries, the proposed method
enables consistent coupling across scales without resorting to ad hoc assumptions.
This framework is broadly applicable to a variety of multiphase scenarios, including
fluid-solid, fluid-fluid, and reactive systems, and offers a promising, scalable path

towards multiscale rheology simulations grounded in fundamental physical principles.

AN NS Wa s, BhERHEFE 51 B 5 RRH Rl B (b s BUH &
N fF E R B IR ERE K B AR R RS, T ERFEBCR AT ST B v
KIWTH S . NEZHIRS 2N #5152 A0 54 )5 318 5 80E 757207 i
WAk . SRERR U R AR E X2k, KRICR QLR 204%G, HBUR L
TI, LRI

Frame hydrodynamics for the biaxial nematic phase: modeling,

analysis and numerical method

wah FEMEREES RERET IR

#E: Biaxial nematic phases can be formed by non-axisymmetric rigid molecules.
The corresponding hydrodynamics is constructed by carefully deriving intermolecular
and molecule-fluid interactions from the molecular architecture. Then, the tensor
model is constructed by closure approximation, either through the maximum entropy
state or using the quasi-entropy. The biaxial frame hydrodynamics is then deduced
under the Hilbert expansion near the biaxial bulk energy minimum. The
well-posedness and rigorous biaxial limit from the tensor model to the frame model is
established. Numerical methods are designed emphasizing the frame constraints and

the energy dissipation.

AN GRS TS @B S A0 B IR A B 1 7 T AR T 5 Hh ) &
AR, AR LAEQHE: 50 B TR T T4 T B I R G i 8572
MSTHE T X — A TR LA ) R SR TR R IR AR B A B AR R
3% 2024 ICCM Distinguished Paper Award #l International Congress of Basic

Science 2025 Frontiers of Science Award.
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