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Introduction

Processes and Properties

> turbulent
= advection mixing
(O]
(O]
. \ O
@ boundary |
& layers S m— - m -
% slip-condition surface roughness
. capillary flow vaporization /
§ 5 condensation
O
S 0 :
= E thermal conduction

University of Stuttgart

discretization ta

mass,
momentum,
and energy

exchange

obstacles

preferential flow
(heterogeneities) |




Introduction -
Spatial Resolution of Processes R |

0.8

0.6 |-

v/r (-]

04

02

University of Stuttgart



Model
Two-Domain/ Sharp-Interface Concept

e Stokes/ Navier-Stokes/ RANS

* 1 phase, n-components, non-isothermal

no thickness, no storage

local thermodynamic equilibrium

continuity of fluxes

continuity of state variables

Darcy/ Forchheimer/ Richards

m-phases, n-components, non-isothermal
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Model
Porous Medium — Equations

- total mass Z <¢8(Qmol,a5a)

V- mol,aVa =0
balance ot + V- (2molaV )>

ac{l.g}

storage advection

* component mass balance

0 mo aSOz g . .k DM
Z <¢ (Q gt - ) +V- (Qmol,axava) +V 'ja'p ) =0
ac{l,g}

storage advection diffusion

* energy balance
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storage (fluids) advection storage (solid) conduction
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Model
Free Flow — Reynolds-Averaged Navier-Stokes Equations

- total mass balance 90mol g -
—81' + V- (Qmol gvg) =0
storage advection
* momentum 0 (0gVg)
—~\*8 78/ . vii 5 1) — _
balance o +V ( 0gVgVE ) V Tef + V- (Pgl) — 0,8 =0
storage inertia effective stress pressure gravity
« component 0 (Omol, g X5
( g>+v(gmolxv)+v Jliff_o
mass balance ot £7g '8 eff
storage advection effective diffusion
* energy balance
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storage advection effective diffusion effective conduction
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Model SR
Interface — Coupling Conditions! 7. |

- total mass [(Omol.gVg) - "]ff'if = — [(0mol,gVg + Omol V1) - "]'Dm'if
£ if
* momentum (tangential) K_E (Vvg)n —v ) -t-] =0
g g i
B
ff if i
* momentum (normal) [((nggvg — Teff + Pg|) n) ' "] = Pgm"f
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Model S
Interface — Coupling Conditionstl .0 |

* component mass | _f
il m,i

[Xg] = [xg}p
[(Qmol,gxg\lg + %) - n]ﬂ",if

= — [(Omol gX5 Vg + Omol XV + i +if) - n]™™"

° ener

| (2ghgVg + hgjfnass,eff + g imass eff — (Ag + At) VT) : n]
= — [(0ghgvg + othivi = AV T) - n]pm"f
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Implementation

Coupling

staggered grid / CCFV

T i
| |

> - e @

O

5= 1 1

) | |

e

= e @
1 1
| |

=

=3

O ® ®

(<]

=

2]

=

o

o ® ®

(o

University of Stuttgart

pm

- | e

NS {pg,5|/XW, T}

VX
Vy

interface

o [ — &

q::F = _qﬁm
ff
g,n
Vih = Vb
DfF - )\fF =7

avg avg



Examples




Examples
Basic Simulation Setup

outflow

parameter value symmetry
e B T
vg [m/s] (3.5,0)T = free flow §
ff 31—
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T K] 298.15 i/ nnns
7
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[
pE™ [Pa] 1e5 2 7
SP™ -] 0.98 7 porous medium
| %//////////////////////////////////2
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Examples

Typical Stages of Evaporation
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Examples

Typical Stages of Evaporation — Stage-l (Constant Rate)

water vapor mass fraction[—]
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Examples
Typical Stages of Evaporation — Stage-l (Constant Rate) "l

P water vapor mass fraction[—]
time: 2.12d 0.008 0.012 0.016 0.02
10 T T T T | | T T T T
0.35 | 1 0.35 + —~
= 8 B
£
£ K 03 | - 03 |- -
SR 7 E E )
£ %025 %0.25
K 1 2 — 2
2 0.2 + = 02 + -
T
3 2 L B ‘
0.15 -~ 0.15 —
I R Y I 1 N N N

0246 8101214 0 02040608 1 16 18 20 22 24 26
time [d] liquid water saturation[—] temperature [°C]

University of Stuttgart



Examples
Typical Stages of Evaporation — Stage-Il (Falling Rate)

water vapor mass fraction[—]
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