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Introduction — Motivation

= fuel cells * buildings/urban areas

(]
©
<
=
=
2
= - ‘\\‘ A
¥ Fuel In E I| Air In ’%&“‘ >
> T = G
S = |5 = o £
s 7 b [Ho S 7
2 + I 2
H* 2 2
S S
% Hﬂ; < = S
0; 2 %
H* s
Unused g =
Excess =
Fuel ﬁo i : g
- evaporatlon
24 &?i:& :&R.x..-,
it
S
I
@ <]
g S
L] o
Z 8

7th Interpore Conference — May 2015 — Padua 2



Institute for Modelling Hydraulic and Environmental Systems

Dept. of Hydromechanics and Modelling of Hydrosystems University of Stuttgart

Germany

Introduction — Processes
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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

= equilibrium phase transition
= pg, S5 or Xg", T

WV
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Models — Porous Medium Equations

= mass balance

0045,
) {Gﬁ( Qat )+V-(Qava)—qa}=0
acq{l.g}

= momentum balance (Darcy)
=K (vPa — Qag) + vy =0

Va O«

= component mass balance

0 (0aSa Xy » .k K
Z {Qb (Q ot ) —I_v'(QO!XavOé)_V'Ja,pm,diff_qa} =0
ac{l.g}

www.hydrosys.uni-stuttgart.de

= energy balance
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Models — Free Flow

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

= non-isothermal
| pg, Vg, ng, T
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Models — Free Flow Equations

= mass balance

Bt + V- (0gVg) =0

= momentum balance (RANS)

0 (0gVg)
ot

= component mass balance
0 (Qg)_(;)
ot
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+ V- (Qgﬁg\?g) — V- ([ogVgt0gVet] V (Vg + \7;)) +Vps — 0. Vg =0

+ V- (0eXgVe) = V- ([Dg + D] 0gmaM" V) — g5 =0

= energy balance

0 (01 _
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Models — Turbulence and Roughness
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Models — Turbulence and Roughness

= DNS
RN
§ Boundary Eddy
Layer Viscosity
= Jaminar flow equations = turbulent flow equations
Vg,t = 0, Dg,t = 0, Ag,t = Vg t % 0, Dg,t % 0, )\g,t % 0
= only at interface = in entire free flow region
jg,ff,diff =f (va’i,if) ' jg,ff,cond = f (VTy) vgt = f (9%/ay, y, ks)
Vxyie=f(Re ks), VTir = f (Re, k) [Cebeci, T. 1978]

[Truckenbrodt, E. 2008]
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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
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Results — Setup

* numerical simulator / \_>
= experiments by [Davarzani et al. 2014]
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Results — Porous Medium Temperature
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Results — Heterogeneous Setup

symmetry/ Dirichlet
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Results — Heterogeneous Evaporation
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Summary

= model concept
 turbulence
* roughness

= testcase — homogeneous

 turbulence — improves prediction of evaporation rates
* behavior inside of porous-medium — hard to predict

* roughness — minor role, uncertain

* boundary layer models — uncertain

= {estcase — heterogeneous
« stage-1 — soil properties unimportant
* transition/ stage-2 — soil properties important

www.hydrosys.uni-stuttgart.de
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Outlook

= model

* Improve discretization of numerical free flow model
« advanced turbulence models
e gravity
« upscale/ simplify model
= model + experiments
* heterogeneities
* more detailed sand-grain roughness studies
 discrete roughness elements
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Thank you for your attention!
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