Transfers in porous media

Lecture presentation:
prerequisites and proceedings

Olivier Liot Petit

4 TOULOUSE

T université
) de Toulouse I N P N7

I

INSTITUT DE MECANIQUE
DES FLUIDES DETOULOUSE




- Self-assessment

Take your smartphone




A Self-assessment — Hydrostatics
g 5l ossessment — Hydrostatics

° ?: acceleration due to e p: density e P: pressure
gravity
What is the fundamental equation of hydrostatics?
A. graa)p = P? B. gra(_i)P = —p? C. graaP = p? J
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A Self-assessment — Hydrostatics
g 5l ossessment — Hydrostatics

° ?: acceleration due to e p: density e P: pressure
gravity
What is the fundamental equation of hydrostatics?
A. graép = P? B. gra(_i)P = —p? C. graEl)P = p? J

> The pressure gradient has the same orientation as the gravity
> Points of fluid at the same altitude: same hydrostatic pressure
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@ Self-assessment — Capillarity
4

e ~: surface tension e r: drop radius e Pj: pressure inside

e P,: pressure outside

What is the pressure difference between the two sides of a drop interface ?

A.PO—P,-=277 B.P,-—PO=277 C. Pi—Py=2vr
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" Self-assessment — Capillarit
=~

e ~: surface tension e r: drop radius e Pj: pressure inside

e P,: pressure outside

What is the pressure difference between the two sides of a drop interface ?

A. PO—P,-:27'Y B.P,-—Po:? C. P —Py=2vr

> Surface tension leads to pressure discontinuity at drop’s interface

> Capillary pressure < 1/r must be exceeded to inject fluid in a pore



i Self-assessment — Laminar flows
- 5

What is/are the conditions to obtain a Stokes flow?
Negligible viscosity and stationarity

Negligible inertia and stationarity

High Reynolds number

©Onw>

Stationarity
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Y Self-assessment — Laminar flows
- 5

What is/are the conditions to obtain a Stokes flow?
. Negligible viscosity and stationarity
. Negligible inertia and stationarity

High Reynolds number

N w >

Stationarity

T . .\ UL
> Reynolds number: inertia/viscosity competition (Re = p—)

> Laminar flow < low Reynolds number
—
> Stokes equation : 77A7 = gradP — p?




i Self-assessment — Laminar flows
- 6

e AP: pressure e L: tube length e R: tube radius e 7: dynamic
difference viscosity

What is the mean velocity of a laminar flow in a tube?

AV o5 RO o A s
A I=ER B 5 TR Cgn TR
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i Self-assessment — Laminar flows
- 6

e AP: pressure e L: tube length e R: tube radius e 7: dynamic

difference viscosity
What is the mean velocity of a laminar flow in a tube?
77 AP _, 1 AP _; 1 AP,
A. e —R B. — 20 L —R C. 8n L R

Viscous liquid (7)

r+dr

Credits: O. Granier

AP R? r’
> V= L4v7(1 R2>UZW|thAP P. — P



Tl Self-assessment — Mass balance
- 7

How do you perform a local mass balance?
A. Compute time variations of mass flux

B. Compute then balance mass flux and mass variations

#QDUESRAMBICH#




Tl Self-assessment — Mass balance
- 7

How do you perform a local mass balance?
A. Compute time variations of mass flux
B. Compute then balance mass flux and mass variations
C. I don't know

d . .
> E(Mass in elementary volume)= Mass flux into volume



Tl Self-assessment — Mass balance
- 8

e p: density e t: time o U: velocity

And finally what do you get? J

#PUERQNBA L0 B Liapi)=0 < X9




Tl Self-assessment — Mass balance
- 8

e p: density e t: time o U: velocity

And finally what do you get?

%\ e (e o _ o _
A.§+dlv(p7)—o B. at+A(p7)_0 C. 6t—O

> Relation between mass and density

> Vectorial analysis



i Self-assessment — Diffusion
Rl Scif ossessment — Diffusion

o T particles position e t: time e D: diffusion coefficient

What is the mean-square displacement of a diffusing particle (3D)?
#QDUEHR#ABT 44 B. (7%(t)) = V6Dt C. (7*(1)) = 6Dt J




i Self-assessment — Diffusion
Rl Scif ossessment — Diffusion

o 7: particles position e t: time e D: diffusion coefficient
What is the mean-square displacement of a diffusing particle (3D)?
A. (F(t)) = 6Dt B. (7(t)) = V6Dt C. (73(t)) = 6Dt J

> Random diffusion due to thermal molecular move
kp T

D =
- 37dn

(Stokes-Einstein)



i Self-assessment — Diffusion
Rl Scif ossessment — Diffusion

® jiy: thermal flux density e \: thermal conductivity e T: temperature

#QDLEAQUARTE## B. jir = —AgmadT o dlent e

What is the Fourier's law expression? J




i Self-assessment — Diffusion
Rl Scif ossessment — Diffusion

® jiy: thermal flux density e \: thermal conductivity e T: temperature

What is the Fourier's law expression?
—é —
A. JZ: = Agrad T B. E,} = —AgradT C. I don't know J

> Thermal flux from high to low temperatures

> Combined with energy conservation (balance) to obtain heat equation



v Lecture objectives
W Lecueobiecives

> Lecture decomposed in five parts

> Two central parts : Upscaling and Hydrodynamic transport

Main objectives At the end of these lectures, using the specific objectives of each part,
you should be able to:

> describe a porous media using appropriate vocabulary;
> describe each kind of transfer qualitatively;
> develop the main steps of demonstrations for formulae demonstrated in the lecture;

> solve a complex problem including classic hydrodynamics, hydrostatics and transfers
in porous media.



ywre] Lecture proceedings
@

> Description of porous media
~ 1.5 session

> Upscaling to porous media
~ 1.5 session

> Hydrodynamic transport in a porous medium
~ 3 sessions

> Diffusion and dispersion in a porous medium
~ 1.5 sessions

> Thermal transfer in a porous medium
~ 1.5 sessions

> Examination
January 26
Made of two exercises: classical one and article analysis
All documents allowed (no electronic device)



