Formulation of thethermohaline flow problem in FEFLOW
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Equations Of State in FEFLOW: brine density

re= f(l @, po) B T ~(Ga Cp)
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Equations Of State in FEFLOW: fluid viscosity
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Figure 1.7 Relative viscosity prf u’; as function of tem-
perature 7[°C] and concentration C[g//] with ui for
the reference temperature of 7, = 10 °C and reference
concentration of C, = 0 (freshwater).



Thermal RayleighiNumber Ra,) for
anhomogeneougorous mediaheatedfrom below
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The Engineering Toolfiox
The Rayleigh number(Ra) allows to predict the onset of convection:
j Expansiorcoefficient [0
nT temperaturedifference wo 6
K hydraulicconductivity [L*T1]
d height [L]
D, Thermaldiffusivity [LZ*T




Thermal RayleigiNumber(Ra&,) for
anhomogeneougorous mediaheatedfrom below
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Fluiddensity [M*L-3]
C heat capacity [M*L#T 2 ¢
G specific heat capacity (T2
" @[M]) volumetric heat capacity [MFL T 2% 1

ke hydraulic conductivity [L*TY

j expansion coefficient @ 9]
nT temperature difference wd 6

d length (height) [L]

D. ThermalDiffusivitytensor [L2*T1

[ hydrodynamic thermodispersio[M*L*T**¢ ]
< thermal conductivity [M*L*T>* ¢
K Porosity [1]
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Critical RayleigiNumbers

2Dhomogenousnedium / infinite porousmedium

RQ:riticall =42 :39’48
RQ:riticaIZ =240-300

Ra < Rfrf‘ticall A pure conduction

Ra, a1 < Ra < (24300) A stable convergent solution develops

and various steadgtate flows occur

Ra > Rc%ticalZ A convection regime is unstable
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Streamlinedor a 2Dconvect|veproblem(Dlersch 2002)
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Critical RayleigiNumbers

Problem:nature is heterogeneous
A Ra..gl N~ uindicativeyf2hé onsetof convectionfor heterogeneousmedia

In a fault surrounded by an impervious rock,
the onset of convection occurs for much higher Rayleigh!

Ra,, =1054 Ra,, = 2625
I:a%urrounding: 10 RQurrounding: 26

Streamline patterns (McKibbin,1986)




McKibbinexample nicely reproduced

Temperature Darcy flux (nodal)

- Fringes - - Bullets -
[°C [m/d]
B 44 ... 45 | 0.0204252
42,44 | 0.0183836
40 ... 42 0.0163421
38 ... 40 0.0143006
36 .. 38 [ 0.012259
1 34..36 [ 0.0102175
0 32... 34 [} 0.00817598
1 30... 32 | 0.00613445

B 28... 30 [ 0.00409292
B 26.. 28 | 0.00205139
B 24.. 26 [ 9.86104e-06
B 22 24
B 2. 22

8.8 [d] [m]



FEFLOVEXercise

When will convection occur?
Change or nTor kf
Comparewlth Ratheory

T +nT

A 1stkind (Dirichlet) heat transport BC
A fixed temperature at the top and the bottom

A 1stkind (Dirichlet) flow BC
A fixed HydraulidHead in the upper left and right corner as a reference value

A (the surrounding bounds are set as-RlowBC by default)
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Additional slides



GFZ
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Helmholtz-Zentrum
PorTsbpaAam

Critical RayleigiNumber (zhao et al. 2008)
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T H1/H2 >>1

R yiicas = s ; H3/H1 << 1 H3neighty << Hengtn)
B
i) 2 ? H3/H2 >>1 H3heighty>> H2uidthy)
(1+(#)

Hengtny>> Huwidtn)

If H1tends to infinity:Ra,i.22D = Rica3D

H1

> Geometry of the problem (Zhao et al. 2006)
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GFZ
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Results- 3phomogenousube
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Same geometry different RayleigkNumbers

Ra:ritical =42 :39’5

two stable convection cells
like in 2D

Ra =330

i S—

- unstable flow pattern
- No symmetry
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Rg =1200
P
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- radial symmetric
convection cell
- only for a short time stable
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