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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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Tab.2 Experimental results for hot water heater with heat pipe
g POE P R AT T4 WAL PRI SRR NGO I S

AEFL R/ em AR kg 5} i) /h Wit/ (kg-h™") /C /C /kg /%
1 1. 638 1.90 0. 862 25 215.782 50.78
2 1.552 1.68 0.920 25 215.782 53.59
3 20 1.598 1. 66 0. 960 25 67 215.782 52.05
4 1. 670 1.65 1.010 25 215.782 49. 80
5 1.760 1. 60 1. 100 25.5 215.754 46. 69
6 1.608 2.23 0.720 25 215.782 51.72
7 1.470 1.50 0.980 25 215.782 56.58
8 21.5 1. 460 1.45 1.010 25 67 215.782 57.00
9 1.523 1.40 1.088 25 215.782 55.45
10 1.638 1.37 1. 200 24.9 215.754 52.10
11 1. 605 1.68 0.95 26 215.725 51.82
12 1.596 1. 64 0.971 25 215.782 52.11
13 22.6 1.570 1.46 1.076 25 67 215.782 52.98
14 1.598 1.44 1. 110 25 215.782 52.05
15 1.704 1.37 1. 240 25 215.782 48. 80
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Fig.3 Relationship curves between flow rate of

liquefied petroleum gas and thermal efficiency

3.3.2 CFHpKR-S BRI S R

4 BRI S AR S R M2 i
ST R s 2 AR o A S B R R AL A R A
21.5 em AU 1. 01 kg/h 1, i #4458 AR
e, PR, 4% B 8 RSO0, 2 Ak o s, 42
KR 25°CF] 67°C 73y 8 Al JiE B, 3B 5C L %
— YT AR [ AR CRE B, T3 1l B2 B oF- 4
AR 4 AT KR R N AR B PR
HIR o TTHR I, IR W K 1 2K
35 ~45C ] ABCRIKR B R, e RH K 63.47%
IR A 1 32 K IR B T e IR R . A B
W LR, Bl P 29 IR B T, J0 8 A Ok R
1542 35, DT B G 4 s 3R HL el T IO B i S
WO S I AR T A AR B R bR A A L B A BE A

PRI, Bl 3 F8 43 J0 8 A 2R 0 D, RO
N 23 B WG K B Bl B S 2 KO 0 4k 2 T, JEXT
TCRCRAR R 1 52 W 2 1 I, BOOR T [E . ik
B 38 E ¥ KR T 35 ~45°C )5, K IR 6 TC S
2% 1 52 ) S 2 AR S8 BRI O, X
TG I M PR R R e, 4 B g YRR K TR R 3
40°C 7c A If BV RS 3l 498 e 6 0k B AT A, mT L
T A5 1 B8 s A DR R A B R MEL, [R) ), 40 ~
67 °C 3 1F S 4t 47 Fa e 19 v il DR S I L 2 T o L
8 T BRI B Y

65r

AN

50F

[

)

PRI %

45F

40 1 1 L 1 1 1 L 1 1
20 25 30 35 40 45 50 55 60 65
PR/ C
B4 SFEKGR S PR B R 2
Fig.4 Relationship curves between average water

temperature and thermal efficiency
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Fig.5 Relationship curves between flow rate of

liquefied petroleum gas and heating time
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Tab.3 Experimental results for hot water heater

with heat pipe with biogas as the fuel

WA IMAGHIE R HRRE HRWA, kW AR/
SUEALEE/em B/m® (m'ehT!) Bi/kg %
20.0 2.941 2.127 178 53.8
21.5 2.766 2.320 178 57.2
22.6 2.986 2.482 178 53.0
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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

S8 el
GE LHGO0.012-0.4-WII
WE# R/ (kg-h ™) 12
i 5E TAE L J1/MPa 0.4
M ZER IR/ C 152
WE KA /L 25
A AR T2 00 18 A% <
HES RS DNI15

AME R SF/(mm x mm) P356 x 660

x5 EHEHEHRAHKNHAFERAERIZR
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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Design of Hot Water Heater with Heat Pipe for Biogas System

Xia Jiging Wang Ningning Wang Xiaodong Liu Huanyu Shi Cancan Wang Zhongjiang
(School of Engineering, Northeast Agricultural University, Harbin 150030, China)

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. 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. 5 cm, the flow rate of the liquefied petroleum gas was 1. 01 kg/h and the average water
temperature was 35 ~45°C.

Key words: Biogas system Heat pipe Hot water heater Thermal efficiency



