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Abstract

Oil shale is fast becoming an important alternative energy source due to its huge reserves.
With oil shale it is quite possible to satisfy the future oil requirement. This study presents a one-
dimensional transient coupled mass and heat transport model incorporating combustion front
velocity, describing the in-situ combustion of oil shale in a porous medium. The coupled
nonlinear partial differential equations describing the phenomenon were de upled using

tion method and solved analytically using eigenfunctions expansion technique and
direct integration. The governing parameters of the problem are the Frank-Kamenetskii
number (5), Peclet energy number (P.), Peclet mass number (Pe), Reynolds number ( Ri),
Darcy number (D.) and Heat exchange coefficient (o). The results obtained were presented
graphically and discussed. These results showed that the species concentrations (X and Y)
and temperatures (6 and o) distribution in porous medium are significantly influenced by the
Frank-Kamenetskii number, heat exchange coefficient, time and distance.
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Introduction !
Oil shale is currently gaining attention as a potential abundant source of oil whenever the price |
of crude oil rises. Qil shale is found all over the world, including China, Israel, and Russia, The
United States, however, has the most shale resources. The oil shale in its natural state contains
kerogen, a precursor to petroleum. Kerogen is the solid, insoluble, organic material in the shale
that can be converted to oil and other petroleum products by pyrolysis and distillation.
However, all the types of kerogen consist mainly of hydrocarbons; smaller amounts of sulphur,
oxygen and nitrogen; and a variety of minerals (Abdelrahman, 2015).

Deposits of oil shale have been found in 27 countries worldwide and this is becoming an
important alternative energy source due to its huge reserves. With oil shale, it is quite possible
to satisfy the future oil requirement. Upon being heated, kerogen in oil shale carj be converted
to oil and gas. The heating process is called pyrolysis or retorting (Zheng etal., 2017).

Several works have been done on the in-situ combustion of oil shale. Lapene et al. (2007)
modeled coupled mass and heat transport in reactive porous medium using homogeneous
description at a Darcy-scale. Local non-equilibrium transport of heat was treated with a t

field temperature, one for the gas and one for the solid phase.

Olayiwola ef al. (2011) extended Lapene et al. (2007) work to a situation where
Arrhenius heat generation and chemical reaction. They made additional assumptit
reaction is in steady-state so that time derivatives are zero (-1). They examined th
of solution of the model and obtained the analytical solution usingasymptoﬂ, €
RN o

In another study, Olayiwola (2012) studied coupled heat trans
medium using a homogeneous description at the Darcy-scal
that there is a perfect contact between gas and solid
technique was used and the results showed- that the

- Kamenetskii number increases and scaled thermal conductivity







































