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Abstract: Thermal-hydrological-mechanical coupling issue involves many areas. According to the seepage problem in
thermal oil recovery filed, there are complex coupling actions between seepage field, temperature field and deformation field. In
this paper, a thermo-hydro-mechanical multi-field coupling model is developed and the solving method for fully-coupled partial
differential equations is obtained. The numerical model is solved by combining the finite volume method and the finite element
method. The calculated results for consolidation of a sand column are compared with other researchers’ solutions and good
agreements are achieved. Finally, as an example based on the thermal-hydrological-mechanical coupling calculation model, a
numerical analysisis given for the seepage process of in-situ heating upgrading of oil shale.
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Table 1. Boundary conditions and initial conditions

u =u(t) U = U,
© o;n, =F ®) 0; =0,
p=p(t)
() n-EszQf(t) P=p,
7]
T=T(t)
M n-AVT =Q (1) =T
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Fig.1 Flow chart for coupled solution
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Fig.2 Consolidated histories for different coupling modes
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p=22+9.63x10°T —1.55x10°T? +
9.7x10°T®-9.7x10T*, T <500°C (4a)
p=281-1.0x10°T +6.5x10'T?, T >500°C (4b)
¢=0.37+0.041T —9.62x10°T? - 2.95x10 'T> +
1.4x10°T*, T <300°C (5a)
¢=-86.5+05T —7.32x10*T? +3.55x10 T3,
T >300°C (5b)

A=3.6-4.0x10"T +1.13x10°T? -1.91x10°T?,

006 T <450°C (63)
500—  ;_235, T>450°C (6b)
C, =C,(1+aT) )

G a

5.0x10*



60 A 2015

k =1k, exp[c,(¢ - ¢,)] )
Ko &
Hascakir (6] 3
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Fig.3 Variation of viscosity of shale oil versus temperature 4
15 mx15 mx100 m
1 2 3 4
15m
20m 60 m
2
Table 2. Physical property parameters
/Kg-m3 2200.0 2700.0
/Pa 2.5x10% 3.3x10%
/ 0.19 0.14
/WK 35 1.0
[IKgtK1 1400.0 1200.0
/K 5.0x10°% 1.0x10°®
/n? 2.0x10°Y 2.2x10°%
4

Fig.4 Sketch of the numerical model for
thein-situ upgrading of oil shale
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Fig.5 Pore pressure distribution on center profilesof y - directionand z- direction
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Fig.6 Temperature distribution on center profilesof y - directionand z- direction
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Fig.8 Comparison of the top displacement
for different coupling mode

9
Fig.9 Changetrend of recovery factor versustime
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