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Development of a2 Hot Water Boiler System with a Rice Hull Furnace
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Y.K. Lee, S.J.Park, P.K.Baek, S.H.Noh

Summary

This study was performed to develop a hot water boiler system with small scale automatic

rice hull furnace for the multi-purpose use in the farm.

For the experiment a prototype hot water boiler system with rice hull furnace was fabricated,

which was equipped with automatic hull feeder, igniter and ash removal device. Optimum opera-

tional conditions of the prototype system were analyzed.

The results are summarized as follows.

1. The temperature measured right above the burning surface should be higher than 500°C

combustion.

kg/m

2. The top zone of the combustion chamber was the most suitable location of the thermocouple
to pick up the control temperature for the automatic operation of the rice hull furnace.

3. The content of carbon monoxide in the flue gas was increased with the filling height of burn-
ing material but it was less than 0.3 percent in volume in this experiment. When the filling
height was expressed as the ratio of rice hull feed rate to the volume of the combustion
chamber above the burning surface, the optimum ratio was about 150 kg/m 3-h.

4. The combustion efficiency of the prototype was higher than 95 percent when the feed rate
was 1.1 to 2.3 kg/h and moisture content of rice hull was 22.4 percent (w.b.) or less.

5. It was estimated that the optimum operational conditions of the system were 1.3 to 2.0 kg/h
in feed rate, 70 to 100 percent in excess air and 500 to 510°C in control temperature,

6. The efficiency of coil heat exchanger increased with a decrease in feed rate of rice hull.

When the rice hull feed rates were 1.1, 1.7 and 2.3 kg/h, the efficiencies of coil heat ex-
changer were about 34, 30 and 25 percent and heat transfer rates were 5.7, 7.6 and 8.8 MJ /h,
respectively. When the flat plate heat exchanger was used in addition to the coil heat ex-

changer, the efficiency of the heat exchanger system increased to 48 percent.
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Table 1, Propertics of rice hull used for experi-

ment,
Property Value
Variety Akibare
Ash content 13.9%
Moisture content 12.3% (w.b.)
Heating value (high level) 15,600 k] kg

Table 2. Composition of nutrients and elements of

rice hull
Nutrients Composition Element
ratio (%)
Fat 1.0 C12H340;
Protein 29 Cs,H70;53N; (S etc)
Fiber 35.3 CeHj204
Nitrogen free 34.6 CgH; 206
extract
Ash 13.9 Si0; etc
Moiture 12.3 H,0
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Schematic diagram of a prototype hot water boielr system with rice hull furnace,
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Table 3. Specifications of furnace and boiler system,

Furnace Dimension
over-all 400¢ x 1020
combustion chamber 220¢ x 610
ash chamber 400¢ x 320
hopper exit 70 x90
feeding screw 80¢, Pitch 30

conveyor
air inlet pipe 15¢

chimney diameter 90¢

Boiler system
connecting pipe di=15.8, do=21.3

500¢ x 1020 (200 liter)

coil heat exchanger di=15.8, do=21,3, 11,5 turns

flat plate heat 4.6 liter
exchanger

water tank

Unit : mm
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Fig. 4. Air passage in the furnace and filling height
of burning material,
Note: SH(0) : 0.17m high from bottom of com-
bustion chamber,
SH(1) : 0.28m high from bottom of com-
bustion chamber
SH(2) : 0.39m high from bottom of com-
bustion chamber
SH(3) : 0.50m high from bottom of com-
bustion chamber
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Fig. 9. Change in the efficiency of coil heat ex-
changer depending on hull feed rate, excess
air and filling height.
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Fig. 10. Effect of hull feed rates on the efficiency
and the heat transfer rate of coil heat ex-
changer at the filling height of 28cm.

Table 4. Comparison of experimental results at dif-

ferent moisture contents of rice hull under

the rice hull feed rate of 1.7Kg/h, excess
air of 70% and filling height of 28 cm.

Moisture content
(w.b.) 12.3% | 22.4%

Item

Combustion efficiency (%) | 96 |95

Efficiency of coil (%) 339 | 35.3
heat exchanger
Water flow rate of (kg/h) | 47.3 | 44.5

coil heat exchanger

Control temperature (°c)| 490 | 460

Temperature at 3cm above {°C} 640 | 630
the burning surface

Temperature at 22cm above(°C)| 580 | 560
the burning surface

Temperature at (°c)| 240 | 240

chimney inlet
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Table 5. Comparison of experimental results when the
flat plate heat exchanger used and when not
used at the hull feed rate of 1.7kg/fh, excess
air of 70% and filling height of 28cm.

Treatment Without | With
flat plate | flat plate
Item heat heat
exchanger | exchanger
Combustion efficiency (%) 96 96
Efficiency of heat exchanger (%) 339 48.0
Water flow rate of heat  (kg/h) 47.3 66.7
exchanger
Control temperature {°C} 490 480
Temperature at S3cm above (°C) 640 640
the burning surface
Temperature at 22cm above (°C} 580 570
the burning surface
Temperature at chimney  ("C)| 240 240
inlet
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Table 6. Ratio of hull feed rate (kg/h) to combus-
tion space [m3) of volatile gas to deter—
mine the acceptable filling height,

Filling height
{cm) 17 28 | 39 | 50
Feed rate (kg/h

1.1 83 | 125 | 250
1.7 129 | 193*| 386
2.3 131 | 174*| 261
* . Critical ratio
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