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Introduction — Applications

= fuel cells = human body
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Introduction — Processes
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Model — Sharp Interface Concept

free flow
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Model — Porous Medium Model

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

= equilibrium phase transitions
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Model — Porous Medium Equations

= momentum balance (Darcy)

=K (Vpa - Qag) +vo =0
VaOa

= component mass balance

0 aSaX('; K Ha K
Z {¢ (Q Ot ) +V'(anava)_V'Ja,pm,diff_qa} =0
ac{lg}
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= energy balance

Z {(ba(gaastaua) + N (chhava)}+(1 — ¢) (BQ;Cts ") —V'(/\pmv T)_qT =0
ac{lg}
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Model — Free Flow

= |aminar/turbulent (RANS)

* single phase (gas)

= two components (air/water)
= non-isothermal
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Model — Free Flow Equations

i; = mass balance

%% 1V - (ogTg) =0
; = momentum balance (RANS)

% 0 (0gVg)

ek V- (0g9gV]) — V - ([0gvg+0gvt] V (Vg +V])) + Vg — 0, Vg =0

= component mass balance

O (0. X" _
(%t <) + V- (0gXiVg) — V- ([DF + Dfi] 0gmaM™VXE) — qf =0
= energy balance
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Model — Coupling Model

= [Mosthaf et al. 2011, Fetzer et | :
al. 2015 (submitted)] e :

local thermodynamic .‘. |
equilibrium

= continuity of fluxes A :
= continuity of primary variables :
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Model — Coupling Equations
" Mass :(Qg‘-’g) ' n]ff = = [(ngg g QIVI) ) n]Pm

| ) ff
= momentum (tangential) (v +\/(Kti)'ti; n) t‘ 0
" g,t 3 5 =

BJOglyg

www.hydrosys.uni-stuttgart.de

({0gYgV} — Tt + gl n) - n] = Pg

= momentum (normal)
= component [Re]" = g™

ff
i K . . - Pm
[(ngg? Vg — Jg,ff.t.diff) ' "] — = [(nggn Vg _Jg,pm,diff + avi X" —prm,diff) : “]

= energy (7] = [T

3T TWIW = ff
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Model — Turbulence and Roughness

~

s |

Boundary Eddy

~ Layer Viscosity
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Schlichting, van Driest, Spalart & ekt
J Blasius, ... Prandtl, ... Allmaras, ...
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Boundary
Layer

= Jaminar flow equations
]/g,t — O, Dg't —_ 0, )\g't —_ 0

= only at interface
Sgicair = f (VX0 Re, ks)
jg,if,cond =f (VTifv Re, ks)

[Truckenbrodt, E. 2008]
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Eddy
Viscosity

= turbulent flow equations
Vgt # 0, Dgt # 0, Mgt #0

= in entire free flow region
Vg.t — f(aa/a)/lyv kS)

[Cebeci, T. 1978]
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Results — Setup

= numerical simulator /%M

= experiments by [Davarzani et al. 2014]
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Results — Evaporation
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Results — Roughness
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Results — Beavers-Joseph Coefficient
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Results — Heterogeneous Setup
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Results — Heterogeneous Evaporation
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Summary

= model concept

e coupling porous-medium and free flow

* Integration of turbulence and roughness
= t{estcase — homogeneous

 turbulence — improves prediction of evaporation rates

« behavior inside of porous-medium — hard to predict (not shown)
* roughness — minor role, uncertainty

» Beavers Joseph — minor role

= test case — heterogeneous
« stage-1 — porous-medium properties unimportant
* transition/ stage-2 — porous-medium properties important

www.hydrosys.uni-stuttgart.de
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Outlook

= model

« couple improved free flow discretization (staggered grid — cc)
 transport model for simplified free flow (box — box, cc — cc)

* heterogeneity/ upscaling

e gravity

» upscale/ simplify model (boundary layer models)

www.hydrosys.uni-stuttgart.de

= experiments
* heterogeneities

« more detailed sand-grain roughness studies
» discrete roughness elements
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Open Questions

* |ocal thermodynamic non-equilibrium

* influence of turbulence on the near interface behavior
* influence of vertical fluxes in the pm on the BL

= turbulent pumping

www.hydrosys.uni-stuttgart.de
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Thank you for your attention!
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