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HF Examples - block caving
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HF Example — caving (Jeffrey, CSIRO)
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HF Examples — well stimulation
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1-2D model and physical processes
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Scaling and dimensionless guantities

e Rescale: £ = z/l,
e Dimensionless guantities:
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Toughness dominated propagation

e Asymptotic behaviour of the Hilbert transform
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Viscosity dominated propagation

e Asymptotic behaviour of the Hilbert transform
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HF experiment
(Bunger & Jeffrey CSIRO)

- v 0.16 Experlment '
idee
Clamera BCSt Fit 172
0.14p — (Kﬁ/E’J(,?ZR@/m . 1/2
ST w=23 (p/E")w(dR /dt) (R €7 /
£hud Separation Vessel 0.12q """ ST w n~ E/ S
O -
PhIMA (Transparent) Peaction Plate 01F - -7 i
§o0s 7
i - o Tnjectinn .
. b A Franiure Traniducar s & 0-06 [ 4 Phe - T
| B, Temporonae Frobe e
""" 7| B €. Fluw Cuniw] Valve e BT T -
Lol i 004r [T e 1
(some rases) Waser—filled S e
200 mm Zablr /A
i ol\,-}'ll Pl . 0.02r }.ﬂ T .
a E::; 0 /, ja-o
0 0.1 0.2 0.3 0.4 0.5
E=1-1/R
Load Lells
X1 0*°
. Expérlment I ' '
Best Fit »
6. =k /6E'J(32 ﬁs@w 13,0 023 | /
= 2 7E) (dr, /d)" " (RE) e~ e B 83/2
5¢ .
4F ]

=— Lag Region—-i

3-

W (i)

-
-
-
-
-
-

0 0.1 0.2 0.3 0.4 0.5
§=I-r/R l 1




B l
¥ | 2-3D HF Equations .
- = |w
e Elasticity (non-locality) o
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Coupled equations — a model problem

O Elasticity
4

' U ' Fluid Flow
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Conditioning of the Jacobian

e Evolution equation for w:
P — C'w Ow
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e Eigenvalues of AC:
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General first order iterative method

e Consider solving: ACw = f
using the iterative method
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Damping factor
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= Multigrid Methods
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MG approach for coupled HF Equations
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f- i JAN
MG preconditioning of a¢ = A(w)Cw+ S
e C coarsening using dual mesh
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Performance of MG Preconditioner
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function [A] = Iu(A)
[n,n]=size(A);
for j=1:n
for k=1:j-1
for i=k+1:n
AL =AUD)-AGK)*AK,]);
end
end
for i=j+1:n
A(L1))=A.1)/AG.));
end
end
return

Incomplete LU factorization

function [A] = basiclLUc(A)
[n,n]=size(A);
for j=1:n
for k=1:j-1
if A(k,j) —=0,
for i=k+1:n
if A(i,j) —=0,
AGLD=AG1)-AGK)*AK.]);
end
end
end
end
for i=j+1:n
if A(i,j) —=0,
AGLD=A1D/AG.D;
end
end
end
return
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Local Jacobian & Fourier Analysis

O Elasticity
4

: U ' Fluid Flow
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Spectrum of AC (AC, )1
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| Numerical results for stress jump
Cumulative solution times B|CGSTAB VS B|CGSTAB MG
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| Numerical results for stress jump
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Front evolution via the VOF method

ox |
. 0.15 _V . v — O
1.0 0.78 0.06 at I X
V- v=20
o (1
i —/ dA :—/v- dA
5 AA X (xv)

A

OF 1

= = dl

ot A / Xtn
5A

27



Time stepping and front evolution

Time step loop: t «+— t + At

VOF loop:
Coupled Solution
Aw __
N A(w)Cw + S o —’“’—,QVp
W
p = Cw
end o
Fk—l—l — Fk — — / X?Jndl

next VOF iteration

next time step
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Radial Solution
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Fracture width for modulus contrast
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Fracture width for stress jump
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= Pressure and width evolution
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Concluding remarks

Examples of hydraulic fractures

Scaling and physical processes in 1D models
> Tip asymptotics: Qacy/l—¢6 & Q~e3(l—6)>2/3

Numerical models of 2-3D hydraulic fractures
» The non-local, nonlinear & free boundary problem
» An Eulerian approach and the coupled equations
» A multigrid algorithm for the coupled problem
» ILU Factorization for the Localized Jacobian
» Front evolution via the VOF method

Numerical results
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