
INTRODUCTION

Dust collection in the existing thermal power generation

has been used for complying to the regulation of air pollution

control. However, the dust collection for IGCC (integrated coal

gasification cycle) and PFBC-CC (pressurized fluidized bed

combustion combined cycle) is more strictly required to protect

gas turbine from wear and tear by dust particles1,2. To prevent

damage on gas turbine, dust-collection process in high tempe-

rature and high pressure is essential. Currently available dust-

collection systems with high temperature and high pressure

are cyclone, electrostatic precipitator, granular bed filter and

ceramic candle filter. Among them, cyclone has a simple struc-

ture and can operate in high temperature and high pressure

with less energy consumption and low cost for production and

maintenance3,4. Its size is also small enough to commercialize.

Cyclone is known as the only dust collector5,6 that can operate

in high temperature close to 1000 ºC.

In this study, a highly effective cyclone system was pro-

duced that could operate under operational condition of high

temperature and high pressure in order to exclusively apply

cyclone to collecting dust of IGCC and PFBC-CC and an expe-

riment to measure the dust-collection efficiency of cyclone

system and its pressure drop was executed7. In addition, this

study reviewed the possibility of optimized design of a high-
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temperature and high-pressure cyclone system through com-

paring the result of the experiment and the result of numerical

analysis of 3-dimensional flow analysis, dust-collection

efficiency and prediction on the behavoiur of dust particles.

EXPERIMENTAL

Experimental set-up: To receive reliable data for extreme

operating conditions, the set-up shown Fig. 1 has been installed.

It allowed measurements of pressure drop and grade efficient

in a temperature range 15-600 ºC at a maximum pressure of 6

bar. A three stage compressor delivers the flow rate, which is

adjusted by two control valves in the bypass. The pressure is

adjusted by one control valve at the end of the set-up. The air

is heated electrically with two heaters8,9. A rotating brush

dosing device installed within a pressure vessel is used to feed

solids continuously to the gas. A valve in the main stream

controls the flow rate through the dosing devices. The collec-

tion efficiency curve is determined by measuring the particle

size distribution and the particle concentration within the inlet

and outlet gas stream of the cyclone10. These data are measured

with two light scattering aerosol counters in-line and simul-

taneously. The cyclones are fixed in a pressure vessel. This

simplifies the variation of the cyclone geometry, because the

cyclone itself has to be designed temperature resistant only11.
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Fig. 1. Experimental Set-up

Numerical modeling: For the numerical study, a general

thermo-fluidic analysis code, FLUENT V. 6.0 was used.

The basic gas-phase conservation equations for mass,

momentum, energy, turbulence quantities and species concen-

tration can be expressed, in Eulerian cylindrical framework,

as:

φ+φ∇Γ⋅∇=φρ⋅∇+
∂

ρφ∂
S)()u(

t

)(
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where, denotes general dependent variables expressed as a

physical quantity per unit mass. Further, u, ρ, Γ, S,  and standard

for, ∇, tangential velocity components, density, temperature,

diffusion coefficient and source term corresponding to, respec-

tively. Turbulence is modeled using the Reynolds stress model

(RSM). The Eulerian gas phase equations were solved by a

control volume based finite difference procedure. Upwind

scheme for the convection term appeared in the governing eqn.

1 and SIMPLE (Semi-Implicit Method for Pressure Linked

Equations) algorithm for the resolution of pressure-velocity

coupling were both employed.

Schematic diagram (Fig. 2) and specification cyclone

geometry and operating conditions used in this study is given

in Table-1.
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Fig. 2. Schematic diagram of cyclone

TABLE-1 

SPECIFICATION OF CYCLONE GEOMETRY AND 
OPERATING CONDITION USED IN THIS STUDY 

Geometry Type I 

Length of inlet le [mm] 245 

Cyclone body diameter Dc [mm] 150 

Exit diameter De [mm] 50 

Dust outlet diameter Du [mm] 50 

Cyclone body height H [mm] 387 

Height of inlet h [mm] 104 

Vortex finder length S [mm] 110 

Width of inlet a [mm] 80 

 b [mm] 20 

 

The equation for particle motion can be expressed as
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: drag force, Cd: drag coefficient number, AP: particle cross-

sectional area.

PVF pp ∇−=
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: pressure force, VP: particle volume, P∇ : pressure

gradient.
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: virtual force, Cam: vitual mass coefficient (generally 0.5).
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: body force, g
�

: gravitational acceleration vector, w
�

:

coordinate angular velocity vector, r
�

: distance vector to the

axis of rotation.

RESULTS AND DISCUSSION

Figs. 3 and 4 shows the measured pressure drop curves as

function of flow rate for various temperature and pressure

conditions of temperature up to 400 ºC and pressure up to 2

bar. As might be expected, for a given volumetric flow rate,

the pressure drop generally increases with the increase of

gaseous density, i.e., high pressure and low temperature

condition. This is attributed to the effect of increased dynamic

pressure and thereby large pressure drop by the increase of

density for the same flow rate.

Fig. 5 is comparison result of the effect of increased tempe-

rature on the measured fractional collection efficiency for the

case of 80 m3/h with 1.2 bar. Fig. 6 is comparison result of the

effect of increased pressure and flow rate on the measured

fractional collection efficiency for the case of 500 ºC. As shown

in the figure, the collection efficiency generally increases with

the increase of pressure and decrease of temperature. Based

on the results, it is clear that the decrease of collection effi-

ciency by the increase of temperature can be alleviated by the

proper increase of operating pressure of cyclone.
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Fig. 3. Pressure drop as a variation of temperature in cyclone under ambient

pressure
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Fig. 4. Pressure drop as a variation of temperature in cyclone under 2 bar
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Fig. 5  Comparison of fractional collection efficiency as a variation of

temperature in cyclone. [1.2 bar, 80 m3/h]
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Fig. 6. Comparison of fractional collection efficiency as a variation of flow

rate and pressure in cyclone, [500 ºC]

Figs. 7 and 8 represent the velocity vectors of numerical

results. Fig. 9, to observe the effects on cyclone separation

characteristics more clearly, shows the spiral flow of pathlines.

This figure is represented that the flow pattern has cycloid

motion near the wall when the collection efficiency is high.
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Fig. 7. Axial velocity vectors in the CFD simulation
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Fig. 9. Path lines showing the spiral flow in a cyclone

Fig. 10 shows the comparison of calculated and measured

collection efficiency curves as function of particle size for the

case of 18 ºC and 1.2 bar. As shown in the graph, it could

collect smaller dust particles in the numerical calculation result,

which is deemed to be from the fact that the numerical analysis

did not consider the phenomenon of the fraction of dust

particles into smaller particles and creating more fine particles

as well as its re-entrainment that occurs in an actual experiment.
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Fig. 10. Comparison of fractional collection efficiency with experimental

and numerical calculation data

Conclusion

We have adapted that the collection efficiency can be

calculated directly from the counted particle numbers. Based

on a series of experimental and numerical investigation by the

cyclone we obtained useful results. The results are as following:

• Measurement of pressure drop shows that it influenced

by temperature. The increasing of temperature can be explained

by show decreasing of pressure drop.

• Collection efficiency for high temperature conditions

shows that it also influenced by temperature. The increasing

of temperature shows decreasing of collection efficiency.

• Cyclone will be applying (the first step removal process

because it decrease high concentrated dust) IGCC, PFBC

systems as its removal range fully enough to the limits of G/T

inlet conditions under µm.

• The 3-D flow pattern of the cyclone using Fluent S/W

shows that well fit relatively experimental results.
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