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SUMMARY

The area of protected cultivation is annually increasing. In contrast to a
protected cultivation is needed of heating on winter, burden of nation and
farmhouse is a considerable standard because many farmhouse are using oil
heater. The heating system use of oil is escaped not only a competitive thinking
of our agriculture but also future of a national economy. So heating system use of
new economic energy is developed.

The supply & price of kinds of coal have been a stabilization because they are
distributed all the world, including domestic. So the development of coal auto
heating system is serious. This study is much helped a national economy because
of activation of farming economy, revival of domestic coal industry, foreign
currency saving with reduction of domestic oil consumption.

The study has progressed about the coal auto heating system for protected
cultivation are measured boiler capacity, efficiency and exhaust heat recovery rate,
is analyzed a heat environment.

The capacity of coal boiler is about 220,000kcal/h. The efficiency of coal boiler
is estimated about 70.2%. The exhaust heat recovery rate is about 71%. In a
green house environmental analysis, the maximum, minimum and average
temperature are gradually increasing a part where on a horizontal and vertical
plane in a green house. The horizontal plane is raised the rate of temperature

increase more the upper aerofin part than a space in each aerofin. The vertical



plane is violent a temperature variation with a nearby aerofin. A flow by a natural
convection that has appeared from aerofin where more and more nearing a aerofin
1s unstabled dominant. The upper part is stable analysed a temperature variation
because is mixed surrounding air than effect of a natural convection result from
height of a green house. The thermal plume is observed. It is increased a
temperature more and more rising because of a natural convection by supplied

heat, in the end this flow is progressed the inside.
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Table 1 Specification of coal boiler

Part

Component

Coal bin

Storage : 250kg

Fuel supply amount

1.8kg/cycle

Heat exchanger

Storage : 1000 ¢ (Water)

Heater 25KkW (Surface temperature : 650C)
Coal supply equipment : 0.4kW (Reduction rate
Motor 1/200, 3-Phase)
Ash disposal equipment : 0.2kW (3-Phase)
Up fire plate : 4.3m/min
Fan

Down fire plate : 17m'/min
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Fig. 1 Diagram of coal boiler



Heat exchanger

Coal bin

Fire place

Coal supply equipment

Fig. 2 Cross section of coal boiler



Fig. 3 Inside diagram of exhaust heat recovery equipment
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Fig. 4 Flow chart of control algorithm
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Table 2 Wind velocity of boiler chimney

point wind velocity (m/s) point wind velocity (m/s)
1 2.7 3 3.0
2 29 9 2.8
3 29 10 25
4 3.0 11 25
5 2.6 12 25
6 29 13 2.7
7 3.0
4-3-1. 2% BX¥
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m = pvA

= 0.774 [kg/m’] = 2.71 [m/s] = 3600 [s/h] x 'Q*Z{ﬂ [ m*]

261.5 [kg/h]

- BAdY wEAdIFQ)

AT = 245 [C]—-13[C] = 232 [C] eol==

Q) = 261.25 [kg/h] ~# 0.24 [kcall k]] = 1.021 [kJ/kg - K] x 232 [T]
= 14,851. 87 [kcallh]

- AAF F AT M LF Q)

AT = 80 [C] — 13[C] = 67[C] olm==

Q, = 261.25 [kg/h] # 0.24 [kcallk]] * 1.021 [kl/kg - K] < 67 [TC]
= 4,289.12 [kcallh]
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- 4357 AFIF Q)

Q = Q—Q = 14,851.87—4,289.12 = 10,562.75 [ kcal/h]
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Fig. 9 Temperature variations of boiler outflow - inflow water with time

(Operation of fan)
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Fig. 10 Temperature variations of boiler outflow - inflow water with time
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Fig. 12 Temperature distributions with heat exchange
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Fig. 14 Temperature distributions on horizontal plane at 23:00 p.m.
(Tmax=18.3C, Tmin=17.0C, Tave=17.6C, A4T=0.1C)
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Fig. 15 Temperature distributions on horizontal plane at 00:15 a.m.
(Tmax=19.0C, Tmin=17.7C, Tav=183T, 4T=0.1C)
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Fig 16. Temperature distributions on horizontal plane at 02:20 a.m.
(Tmax=205C, Tmin=18.07C, Taw=188T, 4T=0.17)
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Fig. 17 Temperature distributions on vertical plane at 23:00 p.m.
(Tmax=18.1TC, Tmin=17.0C, Tav=176C, 4T=0.17C)
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Fig. 18 Temperature distributions on vertical plane at 00:15 a.m.
(Tmax:18.7nc, Tmin=17.loc, Tave:lg.loc, ATZOI“C)



Fig. 19 Temperature distributions on vertical plane at 02:20 a.m.
(Tmax=20.2C, Tmin=17.3C, Tave=187T, 4T=0.1TC)
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Fig. 20 Temperature variations on horizontal plane (channel 22, 24)
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