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Introduction — Processes

turbulent mixing
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Models — Concept

free flow
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Models — Porous Medium Model

= REV concept, Darcy's law
= two fluid phases (gas, liquid)
two components (air, water)

= non-isothermal
u pg: SII Xg\Nl T

b
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Models — Porous Medium Equations

= mass balance

D0, S,
Z {Qb( Q@t ) +V- (Qava) - qa} =0
ac{lg}

= momentum balance (Darcy)
kr Y
' K(Vpa_gag)_vazo

VaOa

= component mass balance

9 (0u Su X" ) ) H
Z {qb (Q - ) + V- (anava) —V .-ICl’.pm,difF . qa} —0

ac{lg}
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= energy balance

Z {(j)a(gaastaua) + V- (Qahava)}+(1 . (;b) (895(:: T) _V(ApmVT)—qT —0
acilg}
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Models — Free Flow

= |aminar/turbulent (RANS)
* single phase (gas)
= two components (air/water)

= non-isothermal
= pPg, V, Xg", T
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Models — Free Flow Equations

= mass balance

do _
atg + V- (0gVg) =0

= momentum balance (RANS)
0 (0gVg)
ot

= component mass balance
0 (ngg)
ot

www.hydrosys.uni-stuttgart.de

+ V- (Qgﬁg\?g) — V- ([ogVg+0gVet] V (Vg + \7;)) +Vps —0,Vg =0

+V (nggvg) — V- ([Dg + Dgt) 0gmaM™" V) — g5 =0

= energy balance
0 (o0 _
(agt g) —|_V Qg gvg Z {v hg-/g ff,t dlff)} ) ([)\g + )\g,t] V T) — qu — 0

re{a,w}
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Models — Coupling Model

= [Mosthaf et al., 2011] : :
u Iocal thermodynamu: e .

equilibrium $ ‘
= continuity of fluxes
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Models — Coupling Equations

= mass [(0gvg) - n]" = —[(0gVg + ov1) - n]°"

= momentum (tangential) | N JKE) t t.- fF_O
[Beavers & Joseph 1967] |\"* ™ “agjees ) |
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= momentum (normal) ({0gvgvl — 7t + pglt n) -n]" = pom
= component

 continuity of mass fractions
 continuity of fluxes

= energy
 continuity of temperature
 continuity of fluxes
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Models — Turbulence Modeling

DNS

RANS

‘ Eddx Viscositx |
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algebraic 1 PDE 2 PDEs

Prandtl,

k-€,
Baldwin-Lomax, ‘ 2baan Aaras \ k-w,

ver = K2 (y + Ay)* |9/ay|

Ay =09v/u |Vi§ — kexp (-4/6)| [Cebeci 1978] 10
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Results — Setup

= Experiments by [Davarzani, et al. 2014]

symmetry
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Evaporation u=1.22mps — Reference

14 - Experiment ——
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Evaporation u=1.22mps — Mass Loss
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Evaporation u=1.22mps — Roughness

14 Experiment ——
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Beavers-Joseph Coefficient
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Thank you for your attention!

[Mosthaf et al. 2011] - A coupling concept for two-phase compositional
porous-medium and single-phase compositional free flow
Water Resources Research, 2011, 47, W10522

[Davarzani et al. 2014] - Study of the effect of wind speed on evaporation

from soil through integrated modeling of the atmospheric boundary layer
and shallow subsurface

Water Resources Research, 2014, 50, 1-20

[Beavers, G. S. & Joseph, D. D. 1967] - Boundary conditions at a naturally
permeable wall

Journal of Fluid Mechanics, 1967, 30, 197-207

[Cebeci, T. 1978] - Calculation of Incompressible Rough-Wall Boundary
Layer Flows

AIAA Journal, 1978, 16, 730-735

16



