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Abstract

Fermentation temperature is instable in the northern winter which is the bottleneck of biogas system.
In order to solve this problem, a heating equipment which was a hot water heater with heat pipe with gas
heating used for biogas system was developed in this study. The distance of the heating side with heat pipe
from gas stove hole, flow rate of the burning gas and average water temperature were chosen as
experimental parameters. The conditions of this processing technology were optimized by the index of
thermal efficiency of hot heater. The result showed that the thermal efficiency of the hot water heater
reached the maximum value of 63.47% when the distance of the heating side with heat pipe from gas stove
hole was 21.5cm, the flow rate of the liquefied petroleum gas was 1.01kg - h™* and the average water
temperature was 35~45°C.
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Fig.1 Schematic diagram of two-stage anaerobic fermentation
with hot water heater
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Fig.2 Structure diagram of hot water heater with heat pipe
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Tab.1 Design parameters of hot water heater with heat pipe
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Fig.3 Relationship cures between flow rate of liquefied

petroleum gas and thermal efficiency
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Tab.2 Experimental results for hot water heater with heat pipe

e AEIAGRIEEE Wt e R PIIGIRE AORIR O KEOR TR
i AMLeElem  UEE/kg WM JiEkg - b e e H/kg 1%
1 1.638 1.9 0.862 25 215.782 50.78
2 1.552 1.683 0.92 25 215.782 53.59
3 20 1.598 1.665 0.96 25 67 215.782 52.05
4 1.67 1.65 1.01 25 215.782 49.8

5 1.76 16 11 25.5 215.754 46.69
6 1.608 2.23 0.72 25 215.782 51.72
7 1.47 15 0.98 25 215.782 56.58
8 215 1.46 1.45 1.01 25 67 215.782 57

9 1.5232 1.4 1.088 25 215.782 55.45
10 1.638 1.367 12 24.9 215.754 52.1

11 1.605 1.683 0.95 26 215.725 51.82
12 1.59 1.644 0.971 25 215.782 52.11
13 22.6 157 1.46 1.076 25 67 215.782 52.98
14 1.598 1.44 111 25 215.782 52.05
15 1.704 1371 1.24 25 215.782 48.8
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Fig.4 Relationship cures between average water

temperature and thermal efficiency
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Fig.5 Relationship cures between flow rate of liquefied petroleum
gas and heating time
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Experimental results for hot water heater with heat pipe with

biogas as the fuel
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Fig.6 Hot water heater with direct heat transfer
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Tab.4 Technical parameters of hot water heater with

direct heat transfer
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Tab.5 Usability for hot water heater with direct heat transfer
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Tab.6 Technical and economic analysis for two types of heater
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