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Design and Experiment of High Temperature and Rapid Fermentation
Equipment for Livestock and Poultry Excrement

YUAN Xingmao FAN Guochang CHEN Lin GAO Qinghai ZHANG Xiuping ZHANG Yazhen
(Institute of Agricultural Mechanization Research, Hebei Academy of Agriculture and Forestry Sciences, Shijiazhuang 050051, China)

Abstract; In order to overcome the shortcomings of traditional manure fermentation modes, such as
equipment simple, low efficiency, high energy consumption, untotal fermentation and secondary
pollution, a new kind of equipment with high temperature and rapid fermentation for livestock and poultry
excrement was developed. The operational principle and process flow of the equipment were introduced.
The overall unit and the key parts such as major structure and mixing system were designed, calculated
and analyzed by using finite element method. According to the requirement of fermentation process, using
cow dung with water content of 55% as raw material, the temperature distribution and uniformity of the
material in the tank was tested and analyzed, and the fermentation product was also tested. Experiment
and test results showed that the whole fermentation process from incoming to outgoing materials lasted nine
days, and the equipment consumed 1 021 kW -h, in the fourth day after the cow dung was put into the
tank, the average temperature of materiel in the tank was 64.81°C , and the temperature uniformity
coefficient of variation was 1% ; the mass fraction, nutrient content and death rate of lumbricoid egg of
produced organic fertilizer was 53.5% , 5.36% and 100% , respectively; the number of fecal coliforms
fecal was less than two per gram. All of those indices met the requirement of national standard of organic
fertilizer industry. The research result provided reference for the research and development of high
temperature and fast fermentation equipment for animal manure.

Key words: livestock and poultry excrement; organic fertilizer; high temperature rapid fermentation;
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Fig. 1  Process flow chart of high temperature aerobic

fermentation of livestock and poultry excrement
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Fig.2 Structure diagram of high temperature aerobic
fermentation tank in livestock and poultry excrement
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Fig.3  Structure diagram of tank body
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Fig.4 Finite element analysis of tank body
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Fig.6 3D model structure diagram of mixing blade
2.3.2  #EdEEht

P FE R 2 Z A TR, — 2 R 2 3
PR S EERE ) F, — 2 )R ) #om AF e 2 5 T
MR R 53 18w G, 52 1o B B an s 7 s .

i 2 TSR b 32 B Y ) AR R R
W fo N BAR . BEFER AR L S i A b A S iRk i )
BRI 7 A %) JRE 488 0 S RN kL i T I R T
B A IR A R R AR R

BT oA
Fig.7 Force analysis diagram of blade

;
T= j (FcosB + GsinB) wxdx =
0

fo pghcosBsinB(u + 1) wxdx (7)
X B——M A RtmitR S R A, ()
w— 7 G, m

l—M K, m
h——nt R EJ7 YRk, m
P REFI I 8] F) JEE 45 PR 5, 0. 1
M R4 BE 7 ) ) R AR
WB=30°,w=0.27Tm,l=1.6m,% 2T H5
B E R B BRI by =3.6 m,h, =3 m,h, =
2.4m,h, =1.751 m,h, =1.13 m, = (7) 8B H
Pl BT 32 AR R T =76 402.36 N-m
PEFERUAR b 5200 Al A2 25y AR I 458 1 Al b )
FR O3 B BRI A 15 20 78 40 AT, 0 HL B T A%
FEaRT B BRI o A0l R 45 5
WL VFAREE VI Sy [ 7] 9 30 MPa, (5 %l £1 %% I %) 58
JEZRAE R

X

Tm=%2ﬂﬂ (8)
w(D! —d")
Hr W, :T 9)
X W, —H A R
o ——UERK

D —fig #E 42, mm
d i 1 A 42, mm

D
o W2, VE A VIR Ty [0 30 MPa, Bt

1.5, 848 d =212 mm, L d H 215 mm, D K
325 mm,

PPk S Rl ks Ik R
M 21, 4o R Rl o 3 e AR S Rl R e A — i,
BFERh BTy 3 BedH A, Bl ik s 2 R
TR R S B R g = 4RO, A AT 8
IR o
2.3.3  fEdtaham A

P PE R AE 5% 2 i BER SZH Ol 76 402,36 Nom,
(6] B 30 7R A2 R B AN i A8 T 7 AR Y i 2 T




) R AF . R S IR PR R B A B 5 1 417

B ST = R R T A R OC A B, XA B o g A
i I 2 R A R A I AT R i B RE AR R UG
A3 BT N 1 o A T B = R 9 BT o

[Em—

L

B8 Bidkdh = 4 gt oR K

Fig. 8 3D model structure diagram of mixer shaft
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Fig.9 Finite element analysis of mixer shaft
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