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Elasticity in Eulerian coordinates
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Elasticity in Eulerian coordinates

reference current
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Non-elasticity in Eulerian coordinates

reference current
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Non-elasticity in Eulerian coordinates

reference current
O (pv) +V - (pvev+pl+ E4A) =0 ggframe
1 Rab
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The continuous medium o = O
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Non-elasticity in Eulerian coordinates

reference current
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Unified formulation for Fluids and Solids

Pressure contours at time t=8
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Navier-Stokes limit

Navier-Stokes limit: 7 << observation time

Peshkov and Romenski (2016); Dumbser et al. (2016, 2018)
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Navier-Stokes limit

Navier-Stokes limit: 7 << observation time
Effective viscosity is ~ prc2,
Non-linear viscosity in Navier-Stokes o = n(|v])%

Define 7 as 7 = -
pcsh

For example, Herschel-Bulkley fluid

0, loll < oo,
n= e =
KAt + ool 417 ol > 0o,
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Navier-Stokes limit
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Navier-Stokes limit

Vg = CONSt —p

Navier-Stokes limit: 7 << observation time 7

. . . . 2
Effective viscosity is ~ prcs,

S

Non-linear viscosity in Navier-Stokes o = n(|v])%
Couette flow

n=0.5, HB fluid
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Navier-Stokes limit

Vg = CONSt —p

Navier-Stokes limit: 7 << observation time
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Navier-Stokes limit

Lid-driven cavity flow of Hershel-Bulkley fluid, o¢ =0, Re = 100:
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Solid-fluid transition

Lid-driven cavity flow of Hershel-Bulkley fluid, og > 0, Re =

14 Bi=1 1 Bi=10 1 Bi=100

OiA+v-VA+ AVv = ——EA,
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Solid-fluid transition
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Solid-fluid transition
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Distortion spin
ol n=0.5

Continuous medium
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Distortion spin
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Distortion spin
o m = 0.5

Continuous medium
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Variational formulation in 4D

4-distortion A o Qo b= 0,1,2,3 “uy —uy —up  —us
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Variational formulation in 4D

4-distortion A o Qo b= 0,1,2,3 “uy —uy —up  —us

Torsion 1%, = 0, A", - 0, A", A?O A?l A?, A?S
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Variational formulation in 4D

4-distortion A”, a,u=0,1,2,3 “up -y —uy —us
Torsion 1%, = 0, A", - 0, A", A?O A?l A?, A?S

*a,uu _ 1 _pvinga
Hodge dual T“"" = 5e 1,
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Variational formulation in 4D

4-distortion A”, a,u=0,1,2,3 “up -y -y —us
Torsion 1%, = 0, A", - 0, A", A?O A?l A?, A?S
Hodge dual T = SerNiTe,

Lagrangian L = L(A“WaAAaV) - L(Aawiwmy)
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Variational formulation in 4D
4-distortion A”, a,u=0,1,2,3 “up -y —uy —us
Torsion 1%, = 0, A", - 0, A", A?O A?l A?, A?S
r _ 1 v
Hodge dual 7" = 5 77T“)\77
Lagrangian L = L(A“,,0,\A",) = L(A“u,f““l’)

Euler-Lagrange 0, (S“V"ALT:W") =—Lye,

Identity NI = 0

V.
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Variational formulation in 4D
4-distortion A”, a,u=0,1,2,3 “up -y —uy —us
Torsion 1%, = 0, A", - 0, A", A?O A?l A?, A?S
r _ 1 v
Hodge dual 7" = 5 77T“)\77
Lagrangian L = L(A“,,0,\A",) = L(A“u,f““l’)

Euler-Lagrange 0, (s“V"Awan) =—Lye,

Identity NI = 0

Energy-momentum 8#LA,1M =0
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Variational formulation in 4D

4-distortion A”, a,u=0,1,2,3 “up -y —uy —us
Torsion 1%, = 0, A", - 0, A", A?O A?l A?, A?S
Hodge dual T = SerNiTe,
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Identity NI = 0
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Back to 3D

4D equations
Eul.-Lagr. 0, (5“””)‘wan) =-Lpe,
Identity 8,\7*"‘”M =0
Energy-mom.

8MLAaH =0

Distortion 0,4%, -0,A", =1T",,

V.

Peshkov et al (UniTn)
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Back to 3D

4D equations 3D equations (3+1)
v 1
Eul.-Lagr. 0, (8“ n)\Lfmun) = _LAau 0D +V x (D xv-FER) :EEA
Identity 8,\7*"‘”M =0

Energy-mom. auLA““ =0

Distortion 0,4%, -0,A", =1T",,

V.
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Back to 3D

4D equations 3D equations (3+1)
V 1
Eul.-Lagr. 0, (6“ n)\Lfmun) =_LAau oD +V x(Dxv-Epg) :EEA
Identity 8)\1*"‘1“/\=0 B+Vx(Bxv+Ep)=0
Energy-mom. auLA““ =0

Distortion 0,4%, -0,A", =1T",,
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a ~length™!
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Back to 3D

4D equations 3D equations (3+1)

1
Eul.-Lagr. 0, (€MVT])‘L,14;W7]) = _LAGM ;D +V x (D XU — EB) :EEA

Identity NI =0 8B +Vx(Bxv+Ep)=0
Energy-mom. OuLae, =0 OM+V-(Mov+PI+E4A-ELD-EB)=0
Distortion 0,4%, -0,A", =1T",,

a ~length™!
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Back to 3D

4D equations 3D equations (3+1)
V 1
Eul.-Lagr. 0, (6“ n)\Lfmun) = _LAau oD +V x(Dxv-Epg) :EEA
Identity 8)\1*"‘1“/\=0 B+Vx(Bxv+Ep)=0

Energy-mom. OuLae, =0 OM+V-(Mov+PI+E4A-ELD-EB)=0

Distortion 9,4, ~9,A%, =T%, | 9,A+v-VA+AVv= g,
(0%

V.

a ~length™!

D~0A+v-VA B~VxA
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Back to 3D

4D equations 3D equations (3+1)
s 1 1
Eul-Lagr. 05 (¢"™L.  )=-Law| 0,D+Vx(Dxv-Ep)=—FEa-~Ep
Tavn Iz @ n
Identity NI =0 8B +Vx(Bxv+Ep)=0

Energy-mom. OuLae, =0 OM+V-(Mov+PI+E4A-ELD-EB)=0

Distortion 9,4, ~9,A%, =T%, | 9,A+v-VA+AVv= g,
(0%

V.

a ~length™!

D~0A+v-VA B~VxA
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Applications

Acoustic metamaterials (other micromorphic solids)
1
D +Vx(Dxv-Eg)=—Fa
«
B+Vx(Bxv+Ep)=0

OM+Vv-(Mov+PI+EWA-EpD-ERB) =0

1
OGA+v-VA+ AVv=—-——FEp
«

Frenzel et al. (2017); D’Agostino et al. (2017)
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Applications

Acoustic metamaterials (other micromorphic solids)

1 1
0D~V x Ep=—Fa 0D +Vx(Dxv-Eg)=—Fa
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OB+VxFEp=0 OB+Vx(Bxv+Ep)=0

v —pg'v-2=0
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1
OGA+v-VA+ AVv=—-——FEp
«

Meta-atom, reproduced from? 4

Frenzel et al. (2017); D’Agostino et al. (2017)
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Applications

Acoustic metamaterials (other micromorphic solids)
1 1
atD—VXEB=aEA D +Vx(Dxv-FEp)=—Fx
a

OB +V xEp=0 OB +Vx(Bxv+Ep)=0

v -py'V-E=0
P OM+V-(M®v+PI+EYA-ELD-ERB) =0

1
0A+Vv=-—FEp
(6%

OA+v-VA+ AVv = —lED
«

Energy due to torsion

1/1 1 Cop 7a “
E-2(ZIDIP+1BI) - 21 (D, < BY)
€ W 2

UNIVERSITA
DI TRENTO

Frenzel et al. (2017); D'Agostino et al. (2017)
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Acoustic band gap E=3
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Acoustic band gap E=3(LID|?+L|B|?)- %I (D.x B)
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What about turbulence?
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What about turbulence?
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What about turbulence?
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What about turbulence?

Re:va— pvL ~£

n o pred L
£ = Tc,, microscopic length scale

505, UNIVERSITA
71 DI TRENTO

Peshkov et al (UniTn) Oct 28, 2020 15/19



What about turbulence?
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What about turbulence?

Re:va— pvL ~£
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What about turbulence?
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What about turbulence?
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What about turbulence?
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What about turbulence?
_pol_pol L
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What about turbulence?
_pol_pol L

Re =
n o oprei 4

£ = ¢, micro length scale
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What about turbulence?
_pol_pol L
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£ = ¢, micro length scale
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What about turbulence?
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£ = ¢, micro length scale
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What about turbulence?
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What about turbulence?
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What about turbulence? @//
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Other applications
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Other applications

@ Solidification (other growing interfaces, tissue growth)

(VMVV - VMV,,)'UQ = Rauyava - QTU;WVUUQ

prewous EVELS

Aldrovandi and Pereira (2013); Cai et al. (2016)
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laser beam

Other applications S

@ Solidification (other growing interfaces, tissue growth)

(V,NV - VMVV)UQ = Rauuavg - 2T0,ul/vgva

@® Teleparallelism (gravity theory via torsion)

a »b
9i5 = K'abA 7,A j

Aldrovandi and Pereira (2013); Cai et al. (2016)
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laser beam

Other applications S

@ Solidification (other growing interfaces, tissue growth)

(V,NV - VMVV)UQ = Ra;u/a'vg - 2T0,ul/vgva

el
previous layers

@® Teleparallelism (gravity theory via torsion)

a Ab
9ij = Kap A iA j

® Dislocations

Aldrovandi and Pereira (2013); Cai et al. (2016)
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