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Effect of Moisture Content in Solid Waste Fuels

on That Combustion Behavior

Takatomo AOTA

Abstract

Recently in Japan the wastes produced from domestic and industrial field are 50 million
ton in ayear and 80% of these wastes are disposed by incinerator. From the viewpoint of
environmental problem and effective utilization on combustion of solid waste fuels, it is
very significant to elucidate the conditions for suitable combustion behavior of waste

fuels as an energy source.

In the first step of the waste fuel combustion research, the experiment had carried out to
examine the most fundamental combustion characteristics of solid waste fuels in high
temperature atmosphere that requires stabilizing the flame development of solid waste

fuels.

In the second step of the study, the experiment has been conducted to elucidate the
combustion characteristics of solid waste fuels including moisture because the domestic

and industrial wastes contain much moisture initially.

Thus, the present experiments have been performed to study to analyze on how the

combustion process of solid waste fuels are affected by moisture content of solid waste



fuelsin very high temperature atmosphere achieved in the electric furnace.

The experimental assembly is rectangular shape and size is 900x 350x 900mm and
contain a digital video camera, an air cylinder, an air tank, a temperature controller of
electric furnace and a relay device. The size of electric furnace is 350x 350x 350mm
and the temperature profile inside the electric furnace is nearly uniform temperature

around the axis and there are minor deviations near top and bottom surface.

The food of Nishiki-koi is used as standard model fuel (test fuel A) because its
compositions and elements are very similar to those of domestic and industrial wastes.
The test fuel formed in spherical shape of 3mm and 5mm in diameter is attached at tip of
the fine quartz fiber of 0.4mm in diameter and it is shifted to the center position of
electric furnace by the aid of air cylinder and air tank. The experimental conditions
employed here are 873K to 1673K in temperature and 21% in oxygen concentration by

volume and the range of moisture content 0 to 50%.

The ignition delay, flaming duration, char combustion and total burning time are
examined in details by observing the burning behavior of solid waste fuels with digital
video camera as parameters of ambient temperature and moisture content. Naturally
these combustion characteristics are very important to evaluate the combustion rate of

solid waste fuels.



The main results obtain in this study are as follows:
(1) Even at the case where much moisture is contained in the solid waste fuel, the
combustion phase can be classified by the gas phase ignition, luminous diffusion flame
and char combustion.
(2) The flaming duration and char combustion period do not be affected by moisture
content of solid waste fuels even at 1673K of ambient temperature, though the ignition
delay is markedly influenced by moisture content.
(3) There is no chemical effect such as thermal decomposition of moisture on the
combustion characteristics of solid waste fuels and the dominant effect of moisture in
the solid waste fuels is only vaporization heat of moisture.
(4) The heat flux by radiative heat transfer requested for the ignition of the solid
waste fuelsisincreased by the increment of moisture content and it is not so different at
any ambient temperature. The moisture containing in fuel sphere initially don’t
evaporate completely before ignition, though the residual moisture has little effect on

the flaming duration.
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1997 12 3
(COP3) 2008 2012
1990 6 1998
9
146
kW 2002 2010 400 kW
1994 5000
5000 2003 5161
1.1kg

78 4024 t
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Experimental assembly Fig 2-1
Fig 2-2 900mm 350 950mm

40kg Electric furnace
Temperature controller of electric furnace
Digital video camera Air cylinder Electro-magnetic

valve Air tank

Compressor

300mm

SiC

R-type thermo couples
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Table 2-2

Solid waste fuel

A

Table 2-1

Food of Nishiki-Koi

Fig 2-3
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Natural convection

Combustion process

Combustible gases

Ignition delay

Luminous diffusion flame

Flaming duration



Char combustion

Ash
3-2
Fig 3-1 Fig 35 40% mm
873K 1073K 1273K 1473K 1673K
Fig 3-6 1673K 0 3mm
Fig 3-7 5mm 1473K
40%
1673K 5mm
873K



3mm

1473K

Fig 36 Fig 3-7 Fig 3-8
Fig 3-9 0% 5mm 1273K 1473K
1673K
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3
Black body
Wavelength Total
emissive power E, W m?
Stefan-Boltzmann law
- 4
E,=0 T 3 1
o Stefan-Boltzmann constant 5.6687x 107
W m?2K* T
E W/m?

Ey
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Heat quantity
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Fig 3-10 3mm 5mm

Heat quantity by radiative heat transfer
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Fig 3-11 Fig 3-12

3mm 5mm

3-5

3mm 5mm
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Fig 3-13 Fig 3-14

Fig 3-13
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Fig 3-15

5mm

Fig 3-16

3mm

5mm

5mm
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0%

3mm

1673K

3mm

Fig 3-9
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me

Ds Pa &k
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ES
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S

T, R 8.314J/mol K F,

Es 3 4 0;

Ds
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K 3 7
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3 5 ks
ks ky 3 7 797
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me
1273K
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Fig 3-17 Fig 3-18
3mm

5mm

1473K  1673K

Fig 3-19 Fig 3-20
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Total burning
time Fig 3-21 20% 3mm

Fig 3-22

1273K sSmm

Fig 3-21
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Fig 3-23 Smm

50%
70J
100J

70J
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L/Dj\p Electric furnace
| /
Digital video camera }
Temperature controller | = ‘U’
of electric furnace . e Air cylinder

Electro-magnetic valve

Air tank

Fig 2-1 Experimental assembly



Electric furnace

Digital video camera

Temperature controller
of electric furnace

Air cylinder

Electro-magnetic valve

Air tank

Fig 2-2 Experimental assembly



Table2-1 Chemica composition

@) C H N S Cl
Town wastes 29.8 45.5 7.0 1.0 0.0 0.6
Food of Nishiki-koi 32.16 45,51 6.43 6.80 0.42 0.43
unit dry wt% dry wt% dry wt% dry wt% dry wt% dry wt%

Food of Nishiki-Koi

Town wastes

W mNC
wW=ZIOO0

0% 20% 40% 60% 80% 100%

Fig 2-3 Comparison of chemical elements



Table 2-2 Important features
Ambient temperature T K 873 1673
Moisture content e % 0 50
Oxgen concentration 0, vol% 21
Ambient pressure P MPa 0.10
Test fuel Food of Nishiki-Koi
Shape Initial diameter dy mm Sphere 3 5




0.00 sec 12.91 sec 13.55 sec 15.15 sec
e
16.28 sec 17.12 sec 19.05 sec 36.44 sec

Fig 3-1 Direct photographs on combustion of solid wastefuels 7=873K £=20% d,=3mm



0.00 sec 4.70 sec 5.97 sec

10.54 sec 10.84 sec 17.02 sec 25.79 sec

Fig 3-2 Direct photographs on combustion of solid waste fuels 7=1073K ¢=20% d,=3mm
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21.39 sec

5.84 sec 9.78 sec

Fig 3-3 Direct photographs on combustion of solid waste fuels 7=1273K ¢=20% d,=3mm



3.87 sec 5.74 sec 7.01 sec 14.31 sec

Fig 3-4 Direct photographs on combustion of solid waste fuels 7=1473K ¢=20% d,=3mm



4.30 sec 7.14 sec 9.61 sec

Fig 3-5 Direct photographs on combustion of solid waste fuels 7=1673K ¢=20% d,=3mm



0.00 sec 1.10 sec 1.80 sec 3.04 sec

6.04 sec 10.64 sec 21.92 sec 32.67 sec

Fig 3-6 Direct photographs on combustion of solid wastefuels 7=1473K ¢=0% d,=5mm



19.42 sec 37.57 sec

Fig 3-7 Direct photographs on combustion of solid waste fuels 7=1473K ¢=20%  d,=5mm



7.98 sec

V. A

10.85 sec 15.18 sec 20.62 sec

L, Lk
oy | Pl T |

38.74 sec

Fig 3-8 Direct photographs on combustion of solid waste fuels 7=1473K ¢=40% d,=5mm



1=1273K

7=1473K

7=1673K

0.50 sec 1.50 sec 2.50 sec

Fig 3-9 Direct photographs on combustion of solid waste fuels at flaming duration ¢=0% d,=5mm
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Heat quantity by radiative heat flux
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Fig 3-10 Radiative heat transfer required for ignition
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Ignition delay
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Flaming duration
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Fig 3-13 Famingduration d,=3mm
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Fig 3-14 HFamingduration d,=5mm
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Fig 3-15 Ratioof flaming duration d,=3mm



Ratio of flaming duration
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Fig 3-16 Ratioof flaming duration d,=5mm
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Fig 3-17 Char combustion periods d,=3mm



Char combustion periods
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Fig 3-18 Char combustion periods d,=5mm
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Fig 3-19 Ratio of char combustion periods d,=3mm
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Fig 3-20 Ratio of char combustion periods d,=5mm
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Fig 3-21 Tota burningtime ¢=20% d,=3mm
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Fig 3-22 Tota burningtime 7=1273K d,=5mm
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Fig 3-23 Radiative heat transfer

with vaporization heat of moisture



