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HIGH TEMPERATURE AND PRESSURE ATMOSPHERES

By

Yusuke TANAAMI, Graduate Student

Abstract

From the viewpoint of environmental problem and energy saving, it is very significant
to achieve the effective use as an energy source of the waste fuels produced from
domestic and industrial sector. However, the combustion of waste fuels composed of
multi-component substances is very complicated phenomena including unusual features
such as cracking, micro-explosion and evolution of vapor pockets and so on. Thus,
present experiments have been performed to throw the light on some fundamental
characteristics of solid waste fuels in high ambient temperature and pressure, and the
most fundamental characteristics of solid waste fuels such as ignition delay, flaming
duration and char combustion and the influence of ambient pressure on their waste

combustion are examined in details.

The main results are as follows.

1) The daughter smaller fuel particles emitted from parent fuel sphere play a
significant role of flame development and stabilization even for high ambient
pressure.

2) The ignition delay decreases with increasing ambient pressure by lower thermal
diffusivity.

3) The flaming duration and char combustion period also decrease with the increment
of ambient pressure due to the promotion of natural convection.

4) The temperature of fuel surface during char combustion increases with the

increment of ambient pressure.
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Table 1 Composition of solid waste fuel

. Solid waste Materials components of solid waste fuels
Item Unit Town waste RDF
fuels A Paper | Wood | Cotton | DF PE PET | PVC
C dry wt% 45.5 45.51 47.1 39.9 | 50.7 | 532 | 484 | 84.6 | 62.5 | 44.89
H dry wt% 7.0 6.43 6.0 5.4 6 5.2 6.7 14.1 4.2 5.7
Analysis of N dry wt% 1.0 6.8 0.9 0.1 0.1 0.2 4.8 0.1 0 0.03
chemical S dry wt% 0.0 0.42 0.1 0.1 0.1 0.1 0.2 0.02 0 0.15
clements Cl dry wt% 0.6 0.43 0.7 0.1 0.1 0.1 0.6 0.02 0 46.5
0 dry wt% 29.8 32.16 346 | 41.6 43 409 | 33.1 1.3 333 | 2.63
Total 86.1 91.75 100 87.2 100 99.7 | 93.8 100 100 99.9
Water % 49.5 7.14 1.1 1.8 2.1 0.7 — — —
Industrial Ash dry wt% 13.9 8.36 10.6 12.7 0.3 0.7 6.3 — — —
ndustria
lvsi Combustible | dry wt% 86.1 91.64 87.3 99.7 99.3 93.7 — — —
analysis
Volatile | dry wt% — 76.13 76.8 | 875 | 89.7 78 — — —
Carbon | dry wt% — 15.51 10.6 12.1 9.6 15.7 — — —
L orific val KJ/kg-wet 8740 16620 14000 | 17500 | 18000 | 18900 | — — —
ow calorific value
KJ/kg-dry 19850 18100 14190 | 17870 | 18440 | 19050 | — — —
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Table 2 Experimental condition

Ambient temperature

873 1273 [K]

Ambient pressure

0.1 0.7 [MPa]

Oxygen concentration

21% (volume)

Test fuel

Food of Nishiki-koi

Fuel figure, size

Shpere, 3mm in diameter

Observation

High speed digital video camera

18
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Fig.1 Experimental assembly
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21




Ignition Combustion with flame Char combustion

Fig.4 Combustion phases of solid waste fuel
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Fig. 5 Direct photographs of solid waste fuel burning in high temperature atmosphere
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Fig. 6 Temperature distribution of flame surface
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Pressure index of ignition delay
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Fig.8 Pressure index of ignition delay
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Pressure index of flaming duration
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Fig.10 Pressure index of flaming duration
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Char combustion period [s]
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Fig.12 Pressure index of char combustion period
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Fig.13 Temperature profile of fuel surface at char combustion
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