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Sawdust generally considercd as a nimber induswy waste can sericus!

environment and becornes a potentiai healih problem. About 303 tons of sawdus!
produced per day in Malaysia from sawinilis and wood-bascd mdustries and the sawdust
arc dumped at landfill as a waste. With the existing gasification iechnology, sawdust can
be used as a source of energy produced that can generate power for internal consumption,
Currently, cyclone separators have been one of the most popularly used industrial devices
lor separaung sawdust trom their carrving fluid. With cyclone gasifier, we can apply a
new gasificaton technology in utilizing sawduast as a {uel which can enhance the
soparation process of sawdust to gasification process. The advaniage with this techmigue s
the temperature of the fuel might keep at a feve! where asih vaporizaton wiil nol secur and
taen the comosive ashes would remain solid in the char particles. In this paper. the desizn
processes lor cyclone gasifier are described w detail. The required tuch (Tow rate s 60
ke'h corresponds to desired thermal output of 200 kW (considering gasifier efficiency of
about 70%).
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i INTRODUCTION

Flie utibsa v important source of energy tnmany parts ol ithe world,

ton of DIOMAss 15 a ver
sspoctaliy for arcas remote fren supply of high-quality fossi! fuels. Theve is a wide range
ob processes avatlable for converting biomass into moie valuable fuels. The conversion
wohinategics especially pyrolysis and gasification have been substannally studied to
ceroie renewable energy utilisation. Therefore, various types of gasification systems
wv e been developed and commercialised. Since, Malaysia produced about 203 tons of
sawdist daily from sawmills and wood-based industries, the utilisation of this fuel for
power zoneration is substantial than easily dumped this waste at landfill. Currently.
cvelones were studied to be an alternative gasifier to gasify smaller particle of bromass
fuels.

Svred ¢t al. (2004) have studied the mvapted cyclone gastfier coupled to a cvelone
combuster i oseries for indirect firing of a smail-scale gas twrbme. The experimental
dudies were carried out on Commercial Austrian sawdust and Commercial Swedish wood
sowder with the size distributions were between 0.063 and 2 mm. Gabra et al.. (23G51)
discussed the comparison of atkali retention using bagasse in a fluidized bed and cyclone
casitier, The alkali retention in the fluidised bed gasitier was 12-4% whereas in the
cyclone gasifier was about 70%. Gabra et al. (2001) also have studied the performance of
cvelone gasifier using two different biomass fuel. The first experiment is gasification of
crushed bagasse in a two-stage combustor at atmospheric pressure, where the first stage is
a cyclone gasifier. In this experiment, the crushed bagasse palletized and then ground to
improve the characteristics of the fuel and (o eliminate the feeding problems. The second
experiment is gasification of cane trash i the same cyclone gasifier. The overall
assessment shows that the cane trash appears more problematic fuel than bagasse. The

sraticn of @ ovelone gasifier should be smocih and continuous. for this purpose. Gabra
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et al. (1998) demonstrated the sugar cane residue feeding system for a cyclone gasifier
that designed to operate without interruption or large fluctuations. it was found that to
climinate the blockage in the downcomer channels, the powder should be more
homogeneous. Hassan et al., 2000 discussed the possibility of using the steam-jet ¢jector
fo inject wood powder and sawdust into the pressurized cyclone gasifier.

A cyclone gasifier has been developed at University Science Malaysia using sawdust
from furniture industries as a fuel produced 200 kW thermal output with combustion rate
of 60kg/hr. In the present paper, the detail design of the cyclone gasification system are
presented and discussed.

2 COMPLETE SYSTEM OF CYCLONE GASIFIER
The gasifier consists of air supply component, the feeding port. the ignition port and

removing compartment. Figure | show the schematic diagram of a cyclone gasifier
systerm.
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FIGURE 1. Schematic diagram of a cyclone
gasificr system

J FUEL FEED RATE AND VOLUME OF HOPPER

To produced 200 kW thermal power output with assumption ol 70% cyclone efticiency,
the thermal power input is:

Power thermal output pihy
0= - (1
Power thermal inpul
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0.7 - 200 kW,
Pl
P, =286 kW,

The High Heating Value (HHV) of dry wood (moisture 10%) 1s 17.06 Mi/kg. So the
sawdust should be fed at minimum mass flow rate:

Thermal inpUi o (HHV)\'a\vdus( X My (2)

QI = (HH\/)i;l\\du_\l % ITll'

Y
286 kW, =17.06 ﬂx my

kg

m, =0.016 76 ke

S
=604 K&

v

So. for 286kWy thermal input, sawdust should be feed at minimum rate of about 60 kg/hr.

The hopper designed applied funnel flow where the fuel flows through the core. The
degree of inclination of the tapered side should not less than 45° from vertical wall to
make sure the hopper provide mass flow effect properly. The hopper volume is:

W, 3
— sandust m ( 3 )

"huppcr
p\".l\\dll)l
The minimum fuel feed rate is 60 kg/hr and the mass density of dry sawdust (10%
moisture) is 267 kg/m”.

60

. 0y — (973 )
/hopper = proia 0.225 m

The minimum hopper volume is 0.225 m’ for |-hour operation time.
4 CYCLONE CHAMBER VOLUME
The size of cyclone chamber is determined by the rate of heat release. Combustion

intensity, C.I can be used to scale the combustor volume when the heat release rate and
the pressure are given.

heat release rate :
= kW/m™.atm (4)
combustor volume x pressure

Fredriksson (2004) have studied a cyelone gasifier using wood powder as a fuel with
minimum fuel flow rate 10 kg'hr was found that tofachieved a good performance. the
Combustion Intensity, C.1, is 30 MW 'm".aun. Therefore. the cyclone volume is:

( )
M _},2,___ = i =0.0572m"
Ci P 5000 x 1

Perry and Green (1984) have considered the separation efficiency of the cyclone designed
as same as standard cyclone separator. The standard cyclone separator designed gives the

relationships between cyvelone dimensions. The typical values are:

B, =02, H=4*D, h=24D, §sD/2
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The total volume of the cyclone designed can be separated into two portions. The first one
is a cylinder (V) and the second is a cone (V,).

3

Vv, :312)— (5)
3

v, =22 (6)

Therefore, the inner diameter, D of the cyclone is:

combustor = 3
- 2 3
0.0572 =§(3.142) D

D =300mm
The dimension of inlet diameter, D; is determined by:

£ DeD X Tinlct

S
gT 2
n.D i Toutlel

(8)

Fredriksson (1999) had recommend that the Swirl number is 12 as the temperature at inlet
and outlet are 473 K and 1073 K to keep the corrosive ashes would remain solid in the
char particles. Therefore, D; of the cyclone is:

_150x300 " 473
~ 2D, 1073
D, =28.75mm

12

4.1 SCREW FEEDER
4.1.1 Screw Feeder Nominal Diameter And Pitch

The volume flow rate is:

_ I, _ 60kg/hr

[(=2=—0<=—o =0225m’/r (9)
p 267 kg/m

Therefore, the value of nominal screw diameter D is:
i
£
0.305 = (60)(0.3)(’—;)(03 )(0.7D)(30)

I, =60p—DS, (10)

D=0.10lm =10l mm

where, S = 0.7D and trough filling coefficient, ¢ is 0.3.
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4.1.2 Drive Power Of Loaded Screw Feeder
The drive power of the loaded screw is given by the formula:
P =Py, + Py + P (1

where. Py is power necessary for the progress of the material, Py 1s drive power of the
screw conveyor at no load and Pg, is power due to inchnation.

3 / i

- IyLa _ (0.000 tonvh)(1)(i.9) =312 10 kW (12,

367 367
= IED 107 (131

20§ 20
I H
==_=0 (1""

St 167

L = length of convevor [m] — 0.1 m, A = artificial friction coefficient or progress
resistance coefficient — 1.9. H = lifting height of screw; for this case / iz zero. [m] — 0.
1y = mass flow rate [t/h] — 0.060 ton/h.

Therefore, the minimum power required to drive the sawdust into the screw feeder is
5.312 W.

4.1.3 Size Of Screw Plating

The size of screw plating is:

_VSHaD) (15)

plavinside ~ N

e
707 x(x42.4)°

platnside

D

n

= 4789 mm

where, the nominal outer diameter for this conveyor. D 1s 100mm with a pitch of 70min
(S). Nominal vutside diameter of tubular shaft, C is 42.4mm base on data given in BS4409
Fart 1.

P
g ﬁ +(nDY

plat‘owside ™~
n

D (1ey

V707 % (1 x100)°

D
1

piat omside
=102.5 mm

5 CONCLUSIONS

The cyclone gasifier was design base on combustion intensity, C.I and geometrical swirl
number, S, in order to determine the suitable dimensions. The cyclone gasifier dimension
can be summarized in the Table 1 while Table 2 show the screw feeder specification.

In conclusion. to developed cyclone gasifier using sawdust as the fuel, a few
considerations have been taken in order to select and determine the appropriate parameters
as discussed earlier.
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