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Table 1  Physical properties and operating conditions used for calculation
Thermal conduc- Heat capacity |Apparent densityl Apparent rate Initial tempera-fInitial tempera-
tivity of the of the compost |of the compost of heat genera- [ture of the com-fture of water in|
compost bed bed bed tion in the com-post bed fthe pipe
post bed
Run
X cP p G, T, T,
[kcal/m hr °C] | [kcal/kg °C] [kg/m3] [kcal/m3hr] [°c] [°c)
1 0.59 0.76 701 245 56.2 16.4
2 0.59 0.76 701 256 53.3 13.0
3 0.59 0.76 701 245 50.0 14.6
4 0.59 0.76 701 270 52.7 16.7
Water tempera-
ture at the
inlet of the Dimensionless parameters
pipe
Run
Tﬂ.in n ng H M \Y
[°c] [-1 [ -1 [-1 [-1 [-1
1 16.4 1.14 9.38 0.83 0.50 0.85
2 13.0 1.14 9.38 0.83 0.50 2.21
3 14.6 1.14 9.38 0.83 0.50 2.81
4 16.7 1.14 9.38 0.83 0.50 3.74
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Comparison of the experimental results with the calculated

results of temperature profiles in the compost bed
[(a)=for Run 1, (b)—for Run 2, (c)—for Run 3, (d)-
for Run 4]
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Summary

As a method of extraction of heat generated in composting process, an operation of heat
extraction from a compost bed by water flowing through the pipe buried in the bed had been
investigated. The analytical solutions of the water temperature in the pipe and the temperature in
the bed were derived from heat conduction and heat balance equations with suitable boundary
conditions and several assumptions. These calculated results from the proposed solutions were
compared with the results of the experiments which had been made intermittently under the
unsteady-state conditions.

1) The calculated results of the water temperature at the outlet of the pipe and the tem-
perature profile in the compost bed were in good agreement with the experimental results, so that
the proposed mathematical treatment for the heat transfer mechanism would be approximately
available for this unsteady-state heat extraction process.

2) The water temperature at the outlet of the pipe did not varied significantly with time
during the unsteady-state heat extraction process, except for the extremely early stage immediately
after supplying water into the pipe. Therefore, it seems that this operation for heat extraction which
had been carried out under the unsteady-state condition would be appropriate to obtain approxi-
mately constant water temperature at the outlet of the pipe.

3) In these experiments, a water temperature at the outlet of the pipe depended upon only
two terms because the water temperature at the inlet of the pipe was controlled at a constant value.
One of the terms is a driving force of the initial temperature difference between the compost bed and
the water in the pipe, and the other is the apparent rate of heat generation in the compost bed.
The effect of the former term on the water temperature at the outlet of the pipe was considered to
be much greater than that of the latter term.

4) To obtain a similar value of the water temperature at the outlet of the pipe to the value
given in ‘the unsteady-state operation under the same condition of the flow rate of water in the
steady-state operation of heat extraction, the volume of the container for the compost was estimated
to be about 10 times larger than that required for the unsteady-state operation, because the apparent
rate of heat generation is usually comparatively small. Thus, the steady-state operation seems to be
inconvenient in practical use in comparison with the unsteady-state operation.

5) - Mathematical manipulation in the analytical solutions is so complicated that it requires
the simplification of the physical description of the problem by considering the above-mentioned
items 1)~4) for the practical application of them.

6) It would be also advisable to investigate the maximum amount of heat possibly can to be
extracted from the compost bed throughout a series of the intermittently unsteady-state operations,
by taking account of both the time interval employed for heat extraction by water and the time
required for the recovery of temperature in the compost bed.
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