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Combustion of heavy fuel oils is a major source of production of particulate emissions and ash, as well as
considerable volumes of SO, and NO,. Gasification is a technologically advanced and environmentally
friendly process of disposing heavy fuel oils by converting them into clean combustible gas products.
Thermochemical equilibrium modeling is the basis of an original numerical method implemented in this
study to predict the performance of a heavy fuel oil gasifier. The model combines both the chemical and
thermodynamic equilibriums of the global gasification reaction in order to predict the final syngas spe-

Ke i3 ¥ & . v 5 SRl 3 F g
Hne'?xrfeil oil cies distribution. Having obtained the composition of the produced syngas, various characteristics of the
Gasification gasification process can be determined; they include the H,:CO ratio, process temperature, and heating

value of the produced syngas, as well as the cold gas efficiency and carbon conversion efficiency of the
process. The influence of the equivalence ratio, oxygen enrichment (the amount of oxygen available in
the gasification agent), and pressure on the gasification characteristics is analyzed. The results of simu-
lations are compared with reported experimental measurements through which the numerical model is
validated. The detailed investigation performed in the course of this study reveals that the heavy oil gas-
ification is a feasible process that can be utilized to generate a syngas for various industrial applications.

Synthetic gas (syngas)
Numerical modeling
Thermochemical equilibrium

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The main source of energy in modern civilization is achieved by
utilization of hydrocarbon fuels, including heavy fuel oil. In spite of
the available state-of-the-art technologies in the refining industry
that can reduce significantly the volume of refinery bottom prod-
ucts [1], heavy fuel oils are still produced and play an important
role in providing energy worldwide [2]. Heavy oil is any petro-
leum-based fuel which contains the undistilled residue obtained
during the distillation process of crude oil. It is a thick, syrupy,
black, tar-like liquid which may become semi-solid in cooler tem-
peratures and is often called bunker fuel oil (bunker C), furnace
fuel oil, or No. 6 fuel oil [3-5].

The high sulfur content of heavy fuel oils results in their com-
bustion to produce considerable volumes of SO,; pollutants that
are the main causes of acid rains and responsible for low-temper-
ature corrosion process [6]. Due to such shortcomings, many re-
search efforts have been concentrated on improving the available
methods for utilization of heavy fuel oils. Gasification is a techno-
logically advanced and environmentally friendly process of dispos-
ing heavy fuel oils by converting them into usable gas products [7].

Gasification and combustion originate from two different con-
cepts. Combustion process is performed using excess air to ther-

* Corresponding author. Tel.: +98 915 304 1809; fax: +98 511 876 3304.

E-mail address: mpfard@um.ac.ir (M. Passandideh-Fard).

0016-2361/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.fuel.2010.10.011

mally decompose feed material into products dominantly
comprised of CO,, H;0, SO,, and NO,. In contrast, gasification pro-
cess takes the advantage of an oxygen/air starved environment to
convert feedstock into more valuable, environmentally friendly
product: a combustible synthetic gas (syngas) mainly consisting
of H,, CO, CHy4, H,S, and NHj. Gasification consistently exhibits
much lower level of air emissions and corrosive effects than com-
peting technologies, such as combustion and incineration [8]. The
produced syngas can be used as a raw material for the synthesis
of chemicals, liquid fuels (in conjunction with Fischer-Tropsch
technology), of other gaseous fuels such as hydrogen [9]. In addi-
tion, the gasification technology may be combined with a power
plant system to make an Integrated Gasification Combined Cycle
(IGCC) that can provide efficiency well above 50% [1,10].

The many advantages of gasification over combustion make it
feasible to review the possibilities of syngas production as an alter-
native technology for utilizing heavy fuel oils with their high sul-
phur/metal contents, while simultaneously not exceeding the
environmental red lines.

In spite of considerable investigations being conducted on gas-
ification of solid fuels [11,12], only a limited number of studies on
gasification of liquid fuels are available in the literature most of
which concentrated on black liquor gasification [13]. Ashizawa
et al. [14] made an experimental study on gasification process of
Orimulsion™ (registered trademark of BITOR Ltd.), which is a bitu-
men-in-water emulsified fuel comprised of approximately 30%
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ABSTRACT

In this paper, a numerical study of two new designs of passive
micro-mixers based on chaotic advection is presented. The
advection phenomenon in a T-shaped micro-mixer is enhanced
using a segmented gas-liquid flow; and a peripheral/axial
mixing mechanism. The simulations are performed for two non-
reactive miscible gases: oxygen and methanol. The numerical
model employed for this study is based on the solution of the
physical ~ governing  equations namely  the continuity,
momentum, species transport and an equation to track the free
surface development. The equations are discretized using a
control volume numerical technique. The distribution of the
species concentration within the domain is calculated based on
which a mixing intensity factor is introduced. This factor is
then used as a criterion for the mixing length. In the first
micro-mixer design with a drop injection mechanism for a
typical condition, the mixing length is reduced by nearly 15%.
Compared to that of a simple T-shaped micro-mixer with the
same flow rates, the two gases interface area is increased in
axisymmetric micro-mixer leading to an increase of the mixing
efficiency and a reduction of the mixing length. Also, the effects
of the baffles height and span on the mixing efficiency and
< length in axisymmetric micro-mixer are studied. Having baffles

in the channel can substantially decrease the mixing length.

KEYWORDS
Numerical simulation, Peripheral/Axial Mixing, Segmented
Gas-Liquid Flow, Axisymmetric Micro-mixer, drop injection.
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NOMENCLATURE
species concentration

mass diffusivity
hydraulic diameter

body force

gas

gravitational acceleration
Baffles height

intensity of segregation
normal unit vector
Pressure

Baffles span

stress tensor

tangential unit vector
fluid velocity

density
Interfacial force

Q <IPHI I Enela oo

INTRODUCTION

Micro mixers have wide applications in chemical
biotechnology, pharmaceutical products [1], micro reactors,
lab-on-a-chips and micro total analysis systems [2]. The mixing
phenomenon in micro-channels is restricted to the low
Reynolds number that makes a laminar flow regime. As a
result, mixing augmentation by flow turbulence is not feasible
due to the pressure drop limitations and chip-volume
constraints. Thus in order to increase the mixing efficiency in
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