#31E A5 7 A D Vol.31 No.15
196 2015 4F 8 H Transactions of the Chinese Society of Agricultural Engineering Aug. 2015

APRgEMARIM EX P RBSREF R RIERES T
g, FE&F, FERE, WEX

(L. 2N TRV BB AR YR SRR AT ey, 220 730050 2. UGB ST B AR R 6B h Ly, 2200 730050
3. Wil EY e S5 K RE T AMILRE RS i A SR =, =1 730050)

#OE: ARERFHREINA T B AT R AT N AL R T, WIS T 28 R A B,
X RS8P HL A K PH RE K B8 H P SRR . I A R A RO R R B S AR IR R L R BT T 0. 1856
LW, PSR EAE-2.1~-8.6 CARUIN, VA it PRI AT 4ERFE(2742) CHITE N . 138 T KFHBE UK AR H
SPRIEERGECR R R UK R AR BN TT 3 WFTT AR BT A A Ak B 5 o KRB FA R B 3% i)
MR, BEERNREEE 3R, AR B .

KR Kfafk; ERAK BA; FRBALT A%, B-FHERBE, BARKAE

doi: 10.11975/j.issn.1002-6819.2015.15.027
PESES: TKS11 MHEFRERD: A
bR, EEF, TEHE, FiEE. KRN EXARBSEFRER YRS, Kl TEZIR, 2015, 31(15) :
196 —200. doi: 10.11975/j.issn.1002-6819.2015.15.027 http://www.tcsae.org

Feng Rong, Li Jinping, Li Xiuzhen, Yang Jieyuan. Thermal performance of over-ground household biogas production system
heated by solar energy[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2015,

XEHRS: 1002-6819(2015)-15-0196-05

31(15): 196—200. (in Chinese with English abstract) doi:

0 31 &

TEAAE R A B IR T ) e = A Y, L Y
Wi Y At P AR BN 56, R OK B A A g I A K
FHAE LU A A, & —Fh ORAIE VA A E 5 = R0 <)
[ RO,

VF 2 2 E W50 T K BH B8 In #0301 3400 g
Alkhamis 2RI R W] 1.3 mx1 m PHOKBH AEHE I %
TEPREIELE 30°CHY, PKF 53 L (i A& Iesl 1 & R 2
HIFE@O£1)C, EHBERIEF] 61%; Kocar 25HNRKHFFT
THE 8~17TCHIMETILE R, 2 mx1 m THOKPHRESE P ot
DA 2 kKW HEL I Fhehs B N b 280 L A9 A 17 B I ] g 4 1
TR HIAE 37°C Pl 15m® B2 K P B AR A%
H1 5 m? SRR PH BEAE P BR G A A SmeHh {4l B 54N
WA, fE-24~-6"CEIMNMEE T, K E4EFE e
(16+2)°C; Su Yuan ZPRRK RIABEHEE 16°CHE, 2m” U
TRV R BH e A R AEAT Sh IR AR T L 6 m* Hb
TR AN AT TR L R TR T s X R 2SO T
AMIEZ Ta) A A5 (R BH e R IR AR, IR0 X

WRH A 2015-03-14 &I HIA: 2015-07-17

FEETH: HE 863 tHRIMME (2014AA052801); Hilk A A EHR 4
(2012GS05601); = MFLTRAE “L A AATHRI” (Q201101); Hil#
HRAHEBOE  (JK2010-29)

eI 1 %, B, Hule i, Wk, T3NS n] A Beds R 7
T, 22 22N RS PE AR I8 5 BTS00, 730050,
Email: 13893682861@126.com

MBEEHR: 24T, 5, FEB A, %, W, LA, FEMN
e A A BRI ARG T RIFSE . 250 25 MR TS 0GR AU -5 PR F
FtHty, 730050, Email: lijinping77@163.com

10.11975/j.issn.1002-6819.2015.15.027

http://www.tcsae.org

T A T2 . (1 8 ) PS40 PR R S A A B VR - PR AR R T
PR 18%; BREEENEN T RIS IS R4
(RE AT BRSSPI T — B A I R
ARGAMERE R T I I R B AN R )
TULEERIRIRA R, v DA s AR AR

AERT AR ST (MR b, 22 INEE TR It R T oK
BHAE A X B A A= R4S, alfErR E K23
iy DA P, SR AN ) 3t X (1 A B i 5 VRN A 5 i
PEAFAEZE 5T, HEREVHAO0E B R AL BT 7 PO R ] 5
TELRAIE R T B35 2 A 7 AR S RIS DL, xd
T2 I RGN FH T AN [ H DX 3 P68 1 AR BT R (1 K BH g
PO, FINFRE— AL R G0 454 DU i HL R B 4R it
F5'F, ARSOM RS B K P REHUKES H PR S HUK
L VHAI R RN AR R BT TR B 5T
1 K5
1.1 REEE

TRI0HE EAE FL NP RE UK A8 PRI 407
BARIRAAES S TEHKIE . IR . s ilae . MR as
FECH RARAN o TR0 R FH 19 2025 A K BH R oK 28 45 i
R 3.85m™™ (40 K 1.8 m, WREKIE 1.66 m, HiZ
0.058 m [ABIEAHE) , EMEGHH A 45°, i
PUKFIE/KE 400 L; R EAN 1.9 mx1.9 mx2.6 m (K
TR, ER AR KN AN B 7.5 em TR AR R REAN AR
6 cm JERIBFEM, JEFN 12 cm JERIBAEER, T A
B 7.5 om FERFEMEIN, PRl s8R E T K H
T, AN 7 AR SR 5 s 20 ARV A8 B TR
BN, ABHEM 64m® (1.6 mx1.6 mx2.5m) , WA



%15 3 VR Qo

K FHBEM b3 IR UE P RGP RE Mt 197

BEOFIHAT, TAER Rk, EEBaES: P42 16 mm.
AMAE 20 mm R K B REHUK 2RI B2 o 8] e TR iR
FEHELL R OB L, RRE AN K 40 m, fREE
AMRIRE SR 3 emy FAREN T 0.04 W/(m KR L
WA L. RGN TAEIEEE: il SR 2058 it iy
BRI AR T BTl BE, RN, ik K FH REHUK
AR 2R A A B AR R RS, BT
BRS04 2 A I 380 3 <t P R R v T i e i
Ja, RATEMIE, fFEin#. B 1 RGREE,
= M 4

1K BH e ROk 4% 3EHIEE 4LV BRI AR

Tl B A% s

5.5 B

2RI
6. RFM 7HERIH 8 NAEEE  9.EIH
1.Solar Water Heater 2.Circulating pump 3.Controller 4.Rheid biogas digester
5XPS 6.EPS 7.Inlet 8.Heatpipe 9.Outlet T. Temperature sensor

B1 Kfagm#ub EX P RBALETA4ATER

Fig.1 Schematic diagram of over-ground household biogas
production system heated by solar
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Table 1 Measuring parameter and instruments
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Measured parameters Measuring instruments Technical parameters Manufacturer

IR B R FR K 7 A AT R B4
Solar radiation on collector face of solar
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IR SR R A #)
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IR BH BEHAK S FR A /KR
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I R F A
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Table 2 Solar radiation and collection efficiency of solar water heater

K Days/d Hih 7/(W-m?) 7! K Days/d H/h 7/ (W-m?) 7! K Days/d H/h 7/ (W-m?) 7!
1 8.7 608 55.5 9 55 226 —82.7 17 8.8 295 41.0
2 7.9 633 51.5 10 7.3 510 373 18 8.5 670 46.3
3 8.7 653 53.6 11 7.1 459 52.6 19 72 618 343
4 8.6 673 50.5 12 8.7 608 57.1 20 8.0 226 28.1
5 8.2 636 46.4 13 7.7 633 50.1 21 8.9 510 58.8
6 75 295 145 14 7.2 653 44.0 22 8.4 459 40.1
7 8.9 670 424 15 8.5 673 58.2
8 7.6 618 46.0 16 8.9 636 52.7

T HOYHIIEG 7 4 P RBR IR, | o0 HPP ARl

Note: H is sunshine duration, 7 is average solar irradiation intensity. 7 is average daily heat collecting efficiency.

x3 BEIWER

Table 3  Analysis results of experimental data

A4 , bR 7E P fwlelA - el g
Depejndent R Standard Pvalue 2H01 2502 Intercept
variable error B B
n 0.695 0.171 1.26E-5  5.99 -1.5 9.42
Q'loss 0410  4.969 0.032 0.931 —-1.374
k 0.784  0.765 0 —0.11 0.83 12.73

e Qltoss ARAMAE I FREE AR & A BOK-RHEAL AR EL .
Note: Q'loss is heat release capacity from biogas tank to environment, & is heat
transfer coefficient of water-feed liquid.
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VA5 R 2R % FE 52 M K BH BE HH K 2% A2 A0 1 LAt R 555 A
£, WA KOESE, R T T AU o .
TR 2R E £1=5.99 L7, AEMERUKATSIREE HAFE 2R
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Fig.3 Relationship between heat loss of digester and
temperature difference of slurry and ambient
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Thermal performance of over-ground household biogas production system
heated by solar energy

Feng Rong, Li Jinping™, Li Xiuzhen, Yang Jieyuan
(1. Western China Energy & Environment Research Center, Lanzhou University of Technology, Lanzhou 730050, China;
2. China Northwestern Collaborative Innovation Center of Low-carbon Urbanization Technologies, Lanzhou 730050, China,
3. Key Laboratory of Energy Supply System Drived by Biomass Energy and Solar Energy of Gansu Province, Lanzhou 730050, China)

Abstract: Household biogas is widely used in rural areas of China because it is clean, convenient and renewable energy, and
the temperature of slurry in biogas digester is one of the most important factors on the biogas production. It has been proved
that heating the biogas digester by solar energy is an effective manner to improve the biogas production performance of
digester in winter, and many scholars have researched the thermal performance of heating the biogas digester by solar energy.
The new type over-ground household biogas digester has been researched and developed successfully by Lanzhou University
of Technology, which can be applied in most areas of China. In this paper, the thermal performance of the new type household
biogas production system was experimentally studied in order to provide guidance for the design optimization and promotion
of this type of system, which mainly included the heat collection efficiency of vacuum-tube solar water heater, the heat loss of
digester and the heat transfer coefficient between hot water and slurry. The new type of system had been constructed
completely in November, 2014 in a farmer family in a village of Minqin County, Gansu Province, including an vacuum-tube
solar water heater with 3.85 m” heat-collecting area which consisted of 40 vacuum tubes made of glass an insulating room of
1.9 m x 1.9 m x 2.6 m, a rheid biogas digester of 1.6 m x 1.6 m x 2.5 m, a temperature controller, a circulating  pump and other
devices. After feeding 1.73 m’ slurry to the digester, the test had been done from December 1* to December 22", 2014, and the
following parameters were measured: solar radiation on the collection face of solar water heater, hot water temperature in solar
water heater’s storage, ambient temperature, slurry temperature in digester, inlet and outlet temperature of heat pipe and hot
water flow rate in heat pipe, which were recorded by the computer automatically. Else, in order to avoid reducing the activity
of methane bacteria caused by the temperature’s quick rise, the daily temperature rising was controlled within 2°C. Five days
later, the slurry temperature reached up the designed value, and then was kept at (27+2)°C when the lowest daily ambient
temperature was within -9 - -18.2°C, and the average daily ambient temperature was w1th1n -2.1- -8.6C. The results showed
that, if the solar radiation on the collect area of solar water heater increased by 1 MJ/m?, the daily average heat-collecting
efficiency would increase by 5.99%; if the average daily temperature difference of hot water and ambient increased by 1°C, the
efficiency would reduce by 1.5%; if the average daily temperature difference of slurry and ambient increased by 1°C, the daily
heat loss of digester would increase by 0.931 MJ; if the 1nlet water temperature increased by 1°C, the heat transfer coefficient
between hot water and slurry would reduce by 0.11 W/(m*K); the slurry temperature had s1gn1ﬁcant effect on the heat transfer
coefficient, and when the slurry temperature increased by 1°C, the heat transfer coefficient would increase by 0.83 W/(m*K).
Key words: solar energy; heat transfer coefficients; biogas; household biogas production system; the average daily collector
efficiency; heat loss of digester



