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SEMINAR "ASYMPTOTIC MODELS IN FLUID DYNAMICS
"

SUMMARY OF THE FIRST SEASON

FURTHER PROPERTIES OF SOLUTIONS

OUT LOOK

Note that the below mentioned results

are not rigorous /complete but rather

meant to give an idea
see the papers for rigorous results



E.THE STORY SO FAR

1. MODELLING:

I
E =
1

DO
NAVIER-STOKES I THIN-FILM EQUATION

9 (v- + (i.P(ü)= die G (n,p) - Px+ (MUz)z =0
die i =0 Pz =0

+BC +BC
b

-ht + uhx- 0, zahlt,x ht +(Ult,x,zde,O



2. SHORT-TIME EXISTENCE AND UNIQUENESS OF POSITIVE SOLUTIONS

PDE Alle2 (H; 12) A(v(h=048b
⑰

ABSTRACT CAUCHY PROBLEM

h+ + (h"hxxx)
y
=0, tsO, xeR b' + A(h) k =E(b), 798

4x = bxxx =0, EsO,XOR b(0) =hos O

b 10,x) =b0(X) > 0, XER

·PARABOLIC THEORY"

⑰

ITs0 and unique sol.

h= C (I0,7]; 12 (2)) nC (10,i);12(RI)



3.EXISTENCE OFGLOBAL NON-NEGATIVE NEAK SOLUTIONS

PDE-- Regularised PDE

h+ + (h"hxxx)=0, tsO, xeR hit (h+s)" hexx
x
=0

4x = bxxx =0, EsO,XOR hi =hexx =0
b 10,x) =ko (X) > 0, NER h40,) -boa a ho inHR)

Xsuitable test functions 4: Energy dissipation

ht-Shaxxx4y=0 =
unifestimates fIhe(Chital"hixx-(hat



4. ENTROPY, NON-NEGATIVITY AND NON-NAIVE REGULARISATION

test with ga, EtO:

(G.(a(T) +f(ax=fGolhol
ENTROPY *THEOREM IBF90]

A

1 Assume hotHR), hos0.
ga(s)=-( Irina dr =0 ns1, Illoghola - h2,0

Gals)=-(ga(r)dr -O n=2, fl?" (* =x 1k=0b1= 0
nx 4, hoso =>aso



5. TRAVELLING-WAVESOLUTIONS:

h(t,x) =H(X -ct) >0

- cH'+ (HH "ll' =0

Schauder for (Pa
ODE (TN ausatz) E ↑

HEOREM 1CG2011]

CH =H*H" Let ne(1,3), 150, 850.Then: I! Sol.
(*) H(0) =0, H'(0) = 850,h H"(x) =0 HeCR+i+) n(((H-0b)

to (A).



#

FURTHER PROPERTIES OF SOLUTIONS

1. UNIQUENESS OF WEAK Solutions (only ns4, Eren:flut-ti
2. NO-SLIP PARADOX

3.PROPAGATION OF SUPPORT

4.FINITE SPEED OFPCOPAGATION

5. WAITING-TIME PHENOMENA

6. LONG-TIME BEHAVIOUR: hltix) o infhody unif.
7. NON-NENTONIAN FIUIDS



2. NO-SLIP PARADOX IDussan- Davis 74], 1Huh-Serien71]

- POSSIBLE REMEDIES

&

- Navier-slip condition:

u =d3-nh"Uz, z=0

NO-SLIP CONDITION
-ht + ([dsh" +h]hxxx =0

u =0, z=0

* NO-SLIP PARADOX: -shear-thinning theology
- equation with additional potential

Heuristically:
· consider II h" hixx

9b=0)
· Assume hwys

Then:

b"xx~ x x
2 (3-31

3 +2 - 6
=X

-x
- 3 G - 3x -1n 13



3.PROPAGATION OF SUPPORT

T

HEOREM IBF 9OJ

Let ns, 4,U, O non-neg. weak sol

Then XO =t = tc<:

supplult)) I Supplulte,1)

at time

tz at time

En

-



4.FINITE SPEED OF PROPAGATION

· rules out instantaneous complete wetting

THEOLEM IBernis 96a,b]

Let ne (0,31 and a a weak solution. If

h(t,) =0 in Bg. (Xo) <1,

then h has FSP: & ~
↳ 1

It*e (0,4), I nondecreasing function / Bgo(Xo)
9 eC(I0,t); R,0) with g(0) =0 S.t.

II
Bgo-f(t)(Xo)

Bgo-g(a(Xo)
h(t,.) =0 in Bo-sh (Xo)

for all te (to, totty),



5. WAITING-TIME PHENOMENON

· speed of propagation can become slower Izerol negative
for a certain time waiting time phenomenon

· Roughly: growth condition on initial value near contact point
=>occurence of WiP

THEOREM EBernis 96;Dal Passo,Giacomelli, Grün 01]

Let me (0,3), Us " and a entropy solution with ho s.t.

bo =0, x= [X-380, 407, and how IX-ol at No

Then I t*s0: God
0 =1

h (t,.) =0 in IX-90, X.]
8 -1

for all te 10, t4). I I DX
10-380 Notgo o botgo

suppho
-

* supp h(t,x)



6. NON-NENTONIAN FLUIDS

NENTONIAN FLUIDS NON-NENTONIAN FLUIDS

· M =Mo const. · M =M((E)) shear-dep.
· 6(C) = - pI +2Moe · 6(t) =- pI +2M(t)) e

· cons of momentume: · cons of momentum

it + (u.D) i = - 4p + MAt it + (u.D) i = - Dp+ die (2m(e)) -)

· Thin-filme equ · Thin-film equations:

ht+ (h*hxxx) x =0 POWER LAN:M(11) = Molel*, x50

ht + (h**2/hxxx1hxxx) x =0

ELIS LAN:Mia = 1MCe**, *s1

htt (h" lxxx + h** /hxxx1*hxxx) x =0


