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N e GEOTHERMAL EXPLOITATION
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METHOD Averaging over thickness
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ROUGH FRACTURE : SELF AFFINE APERTUR METHOD OF RESOLUTIOLI

 Boundary conditions « Discretization
—  Impermeability e N Property in spatial domain o Apertures
— (P —P,) imposed between the outlet and the inlet a0 ne Ap ] |_>I<_I_%I<_ X Temperatures, Hydraulic flux
REFERENCE CASE T T e e, 22 ==y Aperturemeshsize
= _ X _ . AX X —— —N—
i i T =Ty =(To — T, )ex;{——) h(x y) = z(x y) - z(xy) . I System lengthl, > 20.|
Analytic solutions el Tw V0 Tw y 9 ref
e b=t X g ah,[1ax, Aay]) = g(ah,[ax, ay]) 28 Number of steps per reference lengt, ;> 25
hy _ hPe !
Y I — — . g . -
N “ “oNuy | Nu . . ; Whe_reg gives the probability to get|a F1.(h(x, y)*0P) = 0
NELEA oeclot numbapec roperty In Fourier domain  height differenceAh between two
2 == coordinate points separated bigfty].| | Ti+08i (R =R))+Mi-0sj (R —=R;) +ijses(R ., =R )+ j-05(R, —R ) =0

n{h (K[} 4, - e X =
RESULTS saAME REALIZATION WITH AN INCREASING nffco]) % | 2D Fourer wanstormiig L W T + 24 Nu(T -T,) =0
Dimensionless Aperture ROUGH NDEﬁIQMrE&LI TU DE ANEenﬁ\MpEurle\/l EAN ‘ﬁ(k)‘ = ‘k‘_l_c U i J( I+1j , -1, J) + U i) ( i J+1 —1) 8a)( Nu (-rlj _-Fw) = O
o L SO s s iy ¢ : Roughness exponent n,;
g g ‘ ‘_';1 1 g 1 (~0.8 e Systems solved with the biconjugate gradient method
. 2 05 ,}‘ - o8 X/ ’e  Dimensionless variables - alidit
0 500 a 1000 0 500 aiooo D amuo ange O Va| l y
RMS = 0.05 <h> RMS =0.15 <h> RMS 0.25 <h> * o  pconstan
Isobar Isobar Isobar EQUIVALENT PROBLEM AT COARSENED SCALE Aperture = hmoy P LO\EvthtermaI dilatation coefficient

» z Conduction >> (x,y) Conduction

’ BIBLIOGRAPHY

) e e T s D |  oreceirony . PR e
“Eggg: ggg ﬁgggi ‘Eggg: : ggg 'temperatu e . " 2agradP,_, - « x Conduction << x Convection
| _ | _ | _ _ P -BR Re >> 0.43
100 100 100 100 | A oo e From the energy conservatjon where gradP,.., = 2am -1 . Lubrication
200 400, 600 800 1000 200 400 £00 800 1000 200 amuxlguo 800 1000 E _ 481 " Re << 10
Df + (T -T ) =0 * HydraU“C flux : u radP__ h° » No heat source because of viscosity
Dimensionless Hydraulic flux norm Dimensionless Hydraulic flux norm Dimensionless Hydraulic flux norm Irne?N g mecro 1 Y Ec= v << 4110°
500 500 - - 500 !nr - ToT c(T, - T,) .
L ggg uz © ggg' o z - uz R ggg? w “ z * Temperatures :I_* — TO _TW Re << 4.16for AT=100 C
> 200 > 200 - - > 200 R - _— _ _ w
100 1 100 s 1 100 - 1 : /| T
. - A _ / Ve(%, Y)T(x,y) dy
200 499 600 800 1000 200 400 600 800 1000 200 400, 600 800 1000 T(X) Reference v where -?(X):j _ CONCLUSION
. x(X,y)d :
with flat fracture JV By dy o Channe“ng of
An (T ban) i (T* bar) A (T* bar) T
500 500 u(w,y) = h(x,y)v
7t o V= e * Hydraulic flow
© 300 © 300 g 300 I — [
e S g Lo T a e 2O T = minfT(x )} * Temperature
200 400 600 800 1000 200 400 600 800 1000 200 400 600 800 1000 |p th o . i
I . — e ength -~ e Characteristic length of thermalization
N : :refinf;gg’:gﬂ_g j :ref nt_gggﬂjg i \\\\ :refinf;gg:gﬂ_g Of thermallzatlor * High Variability ll
] AN E | ) N l Various realizations *Trend
TEEEEEEEE G L rmEmm e RS Various RMS (L RMS / hyyo,€ [0;0.35]
31700 (Minmum) D Linear egression of D e e meen STATISTICAL RESULTS WITH e
Same mean > Thermalization slightly slower
VARIOUS REALIZATIONS FOR THE SAME RMSAND THE Same size of system » Thermalization disturbed by the roughness
SAME MEAN : High variability at the same macroscopic parameters et ) e S >
Dimensionl.e.ss Apertures . Dimensionless Apertures Dimensic{mlessApertures , }Wlth _F(X) | . éa%an Wlth _?I (X) Ea%an @ RMS / hnoy >O.35
- %5 | L > Thermalization enhanced
s | 3 Length of R | Lengthof = = ¢ ' » Thermalization controled by small apertures
° thermalizaton — = - = 1 thermalization s -
200 400|50ba6| 800 1000 0 200 400|50ba6r00X/ 00 1000 i' ;" 'f o ) .i “‘5 . P ROS P ECTS
£ | ﬂiﬁi = \ = » % H L e— * Improving of the present study
100 ! 100 100f 100f 100 Para”9| I 1.9: 1‘5' I i - ) * Hyd rauIIC apertu re Inﬂuence ’)
.200. 400 aD_ 800 1000 200 400 GOX/aBOO 1000 200. 400 GOOX/aDO 1000 . .
soops ‘E.)llflensmnless_Hy:ih::;?n'morm N Dimensionless Hydraunc miux norm - u.n eeeee :If isHydrauh(:innorm plate/sv x:mf 1*000 10 1 Zox_* 1 * Shape Of the System ?
£ 0 * ﬂ : V - — * Variation of Wall temperature
0.5 2001 y \‘ -
o - L ,J - | G 0 *Usingp(T) dependance
200 400 *l 800 1000 200 400 *600 a 1000 200 400 600X/ 00 1000 ] 0.1 0.2 . = .
in 1o ﬂ i o) (b ﬂ e To provide a characteristic length for coarsercades

T T T e « Neuville A., Toussaint R., Schmittbuhl J., "Hydrothermal coupling in a rougtufedic Proc. of the EDHRA (European Hot Dry Rock Association) scientific
) . Irefin :10_7 u;g 2F \\\\ Irefint :284 UI;E _2,\\\\-\?\;\\\ Irefin :16.0 u jc pag
N e 125 U3 BN =171 Ul conference, Soultz-sous-Foréts, 2006

 Méheust Y., Schmittbuhl J., 2001, Geometrical heterogeneities and fdity@misotropy of rough fractures. J. Geophys. Res. 106 (B2), 2089.2102.
* Méheust Y., Schmittbuhl J., 2003, Scale effects related to flow in roagtufes. PAGEOPH 160 (5.6), 1023.1050

A:T( (Weighted mean) C: Linear regression of A - Ref : T(x) for parallel plates with the same mean e Turcotte D.L. and Schubert G., 2002, Geodynamics, 2nd ed. (Cambridge Universily &apssially p.262.264

B: T() (Minimum D : Linear regression of s = 25 U.

\\\\\\\\\\\




