% University of Stuttgart
Institute for Modelling Hydraulic and Environmental Systems
Department of Hydromechanics and Modelling of Hydrosystems

ow Turbulence
and Interface Properties
Affect Porous-Medium /
Free Flow Exchange
Processes

T. Fetzer, K. M. Smits, C. Gruninger,
B. Flemisch, R. Helmig



Introduction
Challenges — Evaporation from a Porous Medium
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Model
Porous Medium

* REV concept

* multiphase Darcy‘s law

* two fluid phases (gas, liquid)
* two components (air, water)

» compositional, non-isothermal

* local thermodynamic equilibrium

. pg,5|, T or pg,ng, T
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Model
Porous Medium Equations

900S4
- mass balance Z {f£5( 9t ) + V- (0aVa) — qa} =0
ac{lg}

- momentum balance (Darcy)  kra
Va QO&

K(vPoz - Qag) +vy, =0

* component mass balance
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 energy balance
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Model
Free Flow

* laminar / turbulent (RANS)

* single phase (gas)

* two components (air / water)

» compositional, non-isothermal
- Ma<0.3

w
* Pgi Vg, Xg o T
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Model
Free Flow Equations

* mass balance

00 + V- (0gVg) =0
at gvg

* momentum balance (RANS)

—6 v -_—
(ggtvg) +V- (nggqg) -V ([QngJngVg,t] \% (\Tg + \7;)) +Vpg — 08 =0

» component mass balance

0 (0g XL _
(Q#g) + V- (0gXg) — V- ([DF + DE] 0gmoM"VZE) — g =0

* energy balance

5o -
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Model

Turbulence
DNS
RANS
L
Eddy
Viscosity
! ! !
0 eq. 1 eq. 2 eq.
e.g. Prandtl, ... e.g. Spalart, ... e.g. k-g, ...
vge =1 (5= h) | e =Fl?)]  [vee=F(K.2)
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Model
Coupling

after [Mosthaf et al. 2011, Fetzer et

al. 2016] : :
» local thermodynamic equilibrium
- continuity of fluxes lesssssssnssnsssnnanans )
* continuity of primary variables
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Model
Coupling Discretization

A A
| |

ff (mac)

pPM (ccFv)
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gt = qn
G =
u't = v
V' = v

[Grininger, Fetzer, Flemisch, Helmig, in preparation]
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Model
Coupling Equations

- ff T
mass  [(0gVg) - n]" = — [(0gVg + avi) - n]°" |
&= 1 oﬂ 1
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- tangential momentum - l$ =
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* normal momentum
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Model
Coupling Equations 2

* component mass

K= K K K K, ff
[(ngghvg o (Dg + Dg,t) Qg,molM VXg ' f) . I’l]

- - [(QngVg _jg,pm,diff + Q|V|XIHJ _jfpm,diff) ) I’l:|

pm
* energy

— —_ = TwewW Ti ff
{(Qghg\_’g — hglg st v it — Mg gt diff — )‘g'tVTf) ' n}
= - [(Qghg"g + orhiv) — )‘pmVT) ' “]pm
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Results

Implementation and Setup

MAC / cell-centered FV

fully implicit

monolithic

numerical simulator
Y

DuMu*

—~—
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(measured)

Dirichlet

v_¥ [m/s]

- experiments:
[Davarzani et al. 2014]
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Results

[ 1 1
0 eq. 1 eq. 2 eq.
e.g. Prandtl, ... ||e.g. Spalart, ...| | eg. k-, ...

Turbulence Modeling
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Results
2-D vs. 3-D
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Results

Beavers-Joseph Coefficient
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Results
Sand-Grain Roughness

\ |
b flat --- 4
ks=1mm -----
12 [ kS = 10 mm ]
= i
Tl
é 10 _Eé‘-.'l. |
(O] \-":‘:.i
g 8 *
S w\ At
g 6w _
S i\
o 1\
S 4 L RN i
L "
> L ey 2 n
i - i e |
0 | I : ' ‘ l
0 1 2 3 4 0 ! °
Time [d]

Gordon Research Seminar, 31 July 2016, Girona

0 eq.
e.g. Prandtl, ...

00000 | -

16



Results
Obstacles with H=10mm
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Results
Obstacles
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Summary and Outlook

Summary
» coupling of free flow (MAC) to porous-medium flow (CCFV)
* turbulent models of different complexity

* influence of interface properties

Outlook

* turbulent / barometric pumping

» Forchheimer extension to Darcy's law
* local thermodynamic non-equilibrium

* pore network model at the interface
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Thank you for your attention!
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