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Abstract

Concerns for energy conservation, environmental pollution, and the fact that organic wastes account for a major
portion of our waste materials, have created the interest of biogas, which usually contains about 60 to 70 percent
methane, 30 to 40 percent carbon dioxide, and other gases, including ammonia, hydrogen sulfide, mercaptans and
other noxious gases. Cyclone combustors are used for burning a wide range of fuels such as low calorific value
gas, waste water, sludge, coal, etc. The 3-dimensional swirling flow, combustion and emission in a tangential inlet
cyclone incinerator under different inlet conditions are simulated using a standard k-& turbulence model and
ESCRS (Extended Simple Chemically—Reacting System) model. The commercial code Phoenics Ver. 3.4 was used
for the present work. The main parameters considered in this work are inlet velocity and air to fuel ratio. The
results showed that the change of operating conditions had an influence on the shape and size of recirculation
zones, mixture fraction and axial velocity which are important factors for combustion efficiency and emission
behavior. The application of this kind of computer program seams to be promising as a potential tool for the
optimum design of a cyclone combustor with low emission.
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Fig. 1. Standard cyclone incinerator with two tangential
inlet.

Table 1. Dimensions of the standard cyclone incinerator.

Dimensions
D, (m) L/D, D./D, S/D, AdA. a/lL
2 1.5 0.4 0.6 0.25 0.07

* A : Area of inlet
* Ac ¢ Area of exit

*§ : Length of vortex finder

Table 2. Boundary conditions of the standard cyclone

incinerator.
Inlet velocity (m/s) Ailr ratio
Veentral Vannutar Acentrat Aaonutar
25 20 0.8 1.4

Preheating temperature (°C) Parameters of biogas (%)

Tannular CHs4 CO; H,O

Tcemral

150 150 65 34 1

* Veenra : Central inlet velocity (m/s)

* Vannular : Annular inlet velocity (m/s)

* Decenrral © Central inlet air ratio

* Nannular - Annular inlet air ratio

* Teenwar ¢ Central inlet preheating temperature (°C)
* Tannatar © Annular inlet preheating temperature (°C)
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Fig. 2. 3-dimensional grid surface generation.

Table 3. Variables and their parameters.

Air ratio Inlet velocity (m/s)
Flame type
)\'ccntml )\annular Vcemral Vannular
Flame R 0.8 1.4 25 20
Flame 1 1.4 0.8 25 20
Flame 2 0.8 1.4 20 25

* Flame R : Standard cyclone incinerator
* Flame 1 : Cyclone incinerator with change of inlet air ratio
* Flame 2 : Cyclone incinerator with change of inlet velocity
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Fig. 3. Vector field, tangential velocity contours, temperature, mixture fraction and local residence time of the standard

cyclone incinerator.
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