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Introduction — Applications

= fuel cells * buildings/urban areas

=
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Introduction — Challenges

turbulence .

mass,
momentum,
and energy
4 transfer
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surface roughness

4 interf,
tion
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Model — Concept

free flow
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Interface

porous
medium
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
= pg S or X, T
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Model — Porous Medium Equations

= momentum balance (Darcy)
K (VPa — 0a8) +Va =0

YaLa pressure gravity
= component mass balance

8 QCXSC!X(': K " K
Z {¢ ( ot ) +v'(QOlXava)_V'Ja,pm.diff_qa} =0

ac{lg}
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storage advection diffusion  source

= energy balance

Z {¢8(Qa8~iaua) +V- (Q(xhava)}+(1 B ¢) (BQ;C: T)—V'(/\pmVT)—qT 0
ac{lg}

storage advection storage (solid) conduction source
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Model — Free Flow

= |aminar/turbulent (RANS)

* single phase (gas)

= two components (air/water)
= non-isothermal

= pg Ve, Xg, T
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Model — Free Flow Equations

g = mass balance
7 Do
E 8g+v (0gVg) =0
% storage  advection
g = momentum balance (RANS)
0 (0gVg) o a5 o . |
% agt = N (Qg"g";) — V- ([ogVgt0gvgt] V (Vg + Vé)) + Vpg —0,Vg =0
storage inertia viscous eddy viscosity pressure  gravity
= component mass balance
8 (X5 o : _
@) |9 (06%9) = V- (D + DL oumaM™V5F) - g =
storage advection diffusion eddy diffusion source
= energy balance
0 (0glg) e T
e +V - (0ghgVg) — Z {Vv thg tredifi) J =V (g + Al VT) —q;, =0
storage  advection rE{a,w} (eddy-)diffusion conduction eddy conduction source
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Model — Turbulence and Roughness
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van Driest,
Prandtl,....

[Cebeci, T. 1978]
Vg,t = f (3&/8},'}/, ks)
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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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[ |
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Model — Coupling Equations

"  Mass

= momentum (tangential)

= momentum (normal)

= component
 continuity of mass fractions
 continuity of fluxes

= energy
« continuity of temperature
 continuity of fluxes
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Results — Setup

= implementation: 2D, box, fully implicit /2"

= experiments: [Davarzani et al. 2014]
pg ~1- 10° Pa

Ug s 1.22 m/s
X} 2 0.0032
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Results — Evaporation Rate
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Results — Cumulative Mass Loss
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Results — Porous Medium Temperature
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Results — Roughness
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Evaporation Rate [mm/d]
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Summary and Outlook

= {est case
 turbulence — improves prediction of evaporation rates
* roughness — minor role
= model
* Improve discretization of numerical free flow model
« advanced turbulence models
 include gravity
= model + experiments
* heterogeneities
» discrete roughness elements
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Thank you for your attention!
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