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Abstract

By analyze of catalysis processes of hydrocarbons and oil in the medium with the oil source rocks usually it is used the
approximation about homogeneous medium and homogeneous PT- conditions in it. But the oil source rocks are porous medium,
the slow flows in which are influenced by convection, which leads to significant heterogeneities of the structure of PT-
conditions of oil source matter ripening. These structures can be either stationary or no stationary. In that paper we developed
results of numerical modeling of convection in homogeneous medium and in the medium that contains heterogeneous for
permeability 2D and 3D inclusions for detection and quantitative estimation the convection influence on the volume oil source
rocks estimation in which the oil catalysis conditions are realized. It is showed that the amount of oil forming significantly
depends from the convection intensity.
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1. Introduction

By investigation of the oil deposit the most interest is the oil volume and oil quality. The oil quality depends from
the content of oil source rocks and conditions of the thermal influence on its matter maturation. The last features

* Yurie Khachay. Tel.: +7-912-603-6903; fax: +7-343-267-8872.
E-mail address: yu-khachay@yandex.ru

1876-6102 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Peer-review under responsibility of the organizing committee of the General Assembly of the European Geosciences Union (EGU)
doi:10.1016/j.egypro.2016.10.024


http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2016.10.024&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2016.10.024&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2016.10.024&domain=pdf

80

Yurie Khachay and Mansur Mindubaev / Energy Procedia 97 (2016) 79 — 83

depend from the distribution of the heat sources and conditions of the heat-mass transfer of the oil source matter
inside the porous rock. Therefore it is very important to consider new effects and new models for analyze and
estimating the process of oil forming and saturating inside the oil source porous medium.

2. Model and equations

For receiving the simplest qualitative estimations of oil resources usually it is used the one dimensional medium
model [1]. In that case the process of heat transfer is described by one heat transfer equation and it allows for the
forms of the oil layers use the horizontal layered structures. However such model cannot be used for the porous
medium after a free convection of viscous fluid occurring which is the oil component in the porous medium [2].
This model becomes not only rough, but yet it becomes incorrect. First of all from that follows that the induced as
the result of convection the flows structure does not stay constant and one dimensional. By convection occurring
there are forming 2D or 3D flows of viscous fluids [2 3] and this means that by constant one dimensional
distributions of thermal conductivity values of the rocks and oil matter for describing the process of heat transfer
inside the viscous porous medium it is needed to use a system of equations for the impulse and temperature. If the
velocity of the flow inside the porous medium can be considered as a sufficiently small value, usually it is used the
approximation of Darcy and the convective movement of a viscous incompressible one component fluid inside the
porous medium can be described by a system equations as follows [2,3]:

K, £V
u= —(——p+ gaTe )
Vo Py

oT
(Pc,). 5+(pcp)fu-VT =AV’T
V-u=0 )

where u = n v —velocity Darcy for filtration inside the porous medium, # — porosity of the medium, v — average
velocity of the fluid inside the pores, p — pressure, g — acceleration of gravity, v — kinematic viscosity of the fluid, K
— permeability, T — temperature, A. — thermal conductivity, (pc,). — heat capacity of the fluid saturated medium,
(pcp)r — heat capacity of the fluid.

For numerical modeling of that problem we shall formulate the system (1) in dimensionless form. Let us take as
units: for the length — the thickness of the permeable layer H; for filtration velocityc — «,,/H; time — sz/Kef;
pressure — povK,s/K, where x,~\./(pc,);— effective coefficient of thermal conductivity of the medium, b=(pc,)/(pc,);
— ratio of thermal capacities of the medium and fluid. The system of dimensionless free thermal convection in the
porous medium inside the permeable area is as follows:
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where 0=(7T-T,) /ATy — dimensionless temperature, T, — temperature at the upper cold boundary of the layer, ATy —
vertical difference of temperatures inside the layer with a thickness H, o — coefficient of thermal fluid expansion.
The dimensionless temperature 6 changes from 6,=0 at the upper boundary up to 0,=c=AT/AT} at the lower, where
AT — difference of temperatures between the isothermal horizontal boundaries of the including area. The values of
the parameter c are fitted in each case related to the angle of incline of the permeable layer. The convection intensity
is determined by the number of Raleigh-Darcy [2,3]:
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