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 fuel cells

Introduction – Applications
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Introduction – Challenges
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Model – Concept
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Model – Porous Medium Model

 REV concept, Darcy‘s law

 two fluid phases (gas, liquid)

 two components (air, water)

 non-isothermal

 equilibrium phase transitions
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 momentum balance (Darcy)

 component mass balance

 energy balance

Model – Porous Medium Equations
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 laminar/turbulent (RANS)

 single phase (gas)

 two components (air/water)

 non-isothermal



Model – Free Flow
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 mass balance

 momentum balance (RANS)

 component mass balance

 energy balance

Model – Free Flow Equations
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Model – Turbulence and Roughness

[Cebeci, T. 1978]
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Model – Coupling Model

 [Mosthaf et al. 2011, Fetzer et 

al. 2015 (submitted)]

 local thermodynamic 

equilibrium

 continuity of fluxes

 continuity of primary variables
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 mass

 momentum (tangential)

 momentum (normal)

 component

• continuity of mass fractions

• continuity of fluxes

 energy

• continuity of temperature

• continuity of fluxes

Model – Coupling Equations
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 implementation: 2D, box, fully implicit

 experiments: [Davarzani et al. 2014]

Results – Setup



w
w

w
.h

y
d
ro

s
y
s
.u

n
i-

s
tu

tt
g

a
rt

.d
e

Institute for Modelling Hydraulic and Environmental Systems

Dept. of Hydromechanics and Modelling of Hydrosystems

w
w

w
.h

y
d

ro
s
y
s
.u

n
i-
s
tu

tt
g
a

rt
.d

e

13NUPUS Meeting – September 2015 – Freudenstadt

Results – Evaporation Rate
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Results – Cumulative Mass Loss
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Results – Porous Medium Saturation
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Results – Porous Medium Temperature
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Results – Roughness
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Summary and Outlook

 test 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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