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Introduction
Coal is the most abundant fossil fuel in Pakistan.
After the discovery of the huge coal deposits of 175.5
billion tonnes in an area of 9,500 sq. km in Tharparkar
District of Sindh, Pakistan has got a significant
position in the list of coal rich countries (GSP, 2001).
Unfortunately the huge reserves are not exploited
yet, while Pakistani lignites are suitable for
underground coal gasification (UCG) and can be used
for power generation as most of the countries are
using lignite having suitable calorific value (CV)
(Table 1). Government of Pakistan is now pro-
gressively looking to its indigenous coal reserves not
only as a solution to its dependence on imports to
fuel to strengthen its economy but also as an
alternative fuel of natural gas and power generation
in future.

Underground coal gasification has a number of
economical and environmental aspects as compared to
conventional use of coal (Klimenko, 2009). At present
classical mining is the most common technology for
the coal extraction irrespective of its well known
disadvantages. The preliminary studies show that the
extraction of the coal via classical mining methods is
not economical at Thar as its moisture contents are
extremely high (40-50%) (Brockway and Huggins,
1991). Government of Pakistan is now initiating seriously

towards clean coal technologies, especially UCG.
Underground coal gasification enables us to extract coal
reserves that would not normally be mined.

Underground coal gasification is the in-situ conversion of
coal into product of combustible gases. It is a complex
process involving chemical reactions, heat and mass transfer
and complex flow dynamics (Guo et al., 2008; GasTech,
Inc., 2007). UCG utilizes injection and production wells
drilled from the surface and linked together in the coal
seam. Once linked, air and / or oxygen are injected. The
coal is then ignited in a controlled manner to produce hot,
combustible syngas (a mixture of CH4, CO, CO2 and H2)
which are captured by the production wells (Fig. 1). The
syngas is brought to the surface and cleaned for power
generation and liquid hydrocarbon fuel. It can also be used
for the generation of other valuable chemical products
(Fig. 2).

Chemically, UCG is a complex processes; where
following reactions take place:

Combustion of carbon C + O2 → CO2

Partial oxidation C + ½ O2 → CO
Oxidation C + ½ O2 → CO2

Water gas shift C + ½ H2O → CO2 + H2

Methanation CO + ½ 3H2 → CO4 + H2O
Hydrogenization C + 2H2 → CH4

Boudouard’s reaction C + CO2 → 2CO
Reaction steam-carbon C + H2O → CO + H2

Loosening of hydrogen 2H (in coal) → H2 (gas)*Author for correspondence; E-mail: frc-pcsir@yahoo.com

Abstract. Laboratory scale process of underground gasification of Pakistani lignite has been performed
to check the potential of the Pakistani coal for gasification. High permeability and low swelling index of
coal are desirable properties for UCG. In Pakistani lignite both properties are found and in case of lignite
and brown coal, natural permeability provides adequate linkage. The proximate and ultimate compositions
of the samples show that it is of low quality coal with high volatile matter. Coal has been converted into
syngas and utilized as the substitute of natural gas and for power generation.

Keywords: underground coal gasification, syngas, Pakistani lignites, Thar coal
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Introduction
New methods of liquid cooling are introduced by
developing the micro fabrication technology. The
combine attributes of very high surface area to volume
ratio; large convective heat transfer coefficient, small
mass and volume, and small coolant inventory make
micro-channel heat sinks suitable for cooling of devices
such as high performance micro-processors, laser diode,
radars, and high energy laser mirrors. To design effective
microtubes heat sink, fundamental under-standing of
the characteristics of heat transfer and fluid flow in
micro-channels are necessary. At the early stages, the
designs and relations of macroscale fluid flow and heat
transfer were employed. However many experimental
observations in micro-channels deviate significantly
from those in macroscale channels. These disagreements
were first observed by Tuckerman and Pease (1981).
They demonstrated that micro rectangular passages
have a higher heat transfer coefficient in laminar regimes
in comparison with turbulent flow through macroscale
channels; therefore they are capable of dissipating
significant high heat fluxes (Hariri et al., 2010a). Since
the regime of the flow has a noticeable influence on
studying determination of heat dissipation rate, several
researches have been conducted in this field. Wu and
Little (1983) measured the heat transfer characteristics
for gas flows in miniature channels with inner diameter
ranging from 134 to 164 mm. The tests involved both

laminar and turbulent flow regimes. Their results showed
that the turbulent convection occurs at Reynolds number
of approximately 1000.They also found that the
convective heat transfer characteristics depart from the
predictions of the established empirical correlations for
the macroscale tubes. They attributed these deviations
to the large asymmetric relative roughness of the micro-
channel walls. Harms et al. (1997) tested a 2.5 cm long,
2.5 cm wide silicon heat sink having 251 μm wide and
1030 μm deep micro-channels. A relatively low Reynolds
number of 1500 marked transition from laminar to
turbulent flow which was attributed to a sharp inlet,
relatively long entrance region and channel surface
roughness. They concluded that the classical relation
for Nusselt number was fairly accurate for modeling
micro-channel flows. Fedorov and Viskanta (2000)
reported that the thermal resistance decreases with
Reynolds number and reaches an asymptote at high
Reynolds numbers. Qu et al. (2000) investigated heat
transfer and flow characteristics in trapezoidal silicon
microtubes. In comparison, the measured friction factors
were found to be higher than the numerical predictions.
The difference was attributed to the wall roughness.
Based on a roughness-viscosity model, they explained
that the numerically predicted Nusselt numbers are
smaller than the experimentally determined ones. Choi
et al. (1991) measured the convective heat transfer
coefficients for flow of nitrogen gas in micro tubes for
both laminar and turbulent regimes. They found that
the measured Nusselt number in laminar flow exhibits*Author for correspondence; E-mail: Hariri_k@yahoo.com

Abstract.  The study was carried to predict the pressure drop in the microtubes by applying a finite volume
solver. The full Navier-Stoke's approach is examined for this kind of narrow tubes for the pressure drop
evaluations. The complete form of the energy equation with the dissipation terms is also linked to the
momentum equations. The computed pressure drop show good agreements with the experimental data.
The effects of flow rate and channel geometry on the pressure drop of the system are also predicted.

Keywords: microtubes, pressure drop, finite volume method, aspect ratio
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