A2 24 1
20234 3H

S PN

Journal of Huazhong Agricultural University

Vol.42 No.2
Mar. 2023,216~223

St B XIS, 45 PRI RGBT S A A AL [T ] Aol a4, 2023,42(2) : 216-223.

DOI:10.13300/j.cnki.hnlkxb.2023.02.027

FHRDZ ST SHEEEENL
RALHE, A UM, 2 B, 2

Sedr R K P TFR/RERAMNFEERARRE L EE T, KX 430070

FE AR R YT A S KRR, 57 S5k BEROR IRIMRACRAR T X — (), Beit— M)
AL, IF R LAPLCHE Gl 85 R0 i F % R SE , S BRI A ook 423 BEPE AR R S5 /R 0 A 3l ik
P, IF I CFD BB R AR VA T A 110 LR IS T 30 3 X 4 7K i 226 3 T ) A B il B 73 1Y)
SO AR D LS SRR E T a6 B 1 A 2 R, RIVEE A4 B PPR A B AR 6 20 (A2 25 mm, BEJE
2.8 mm) FAFIE FEA 0.8 m/s. PEREIXIG R B A7 50 C W IR B 4 ARG 2 (0~ S AR X 8 22 0.91 06, T B2 8 4k
WL DR 1 °C 5 A7 T 0% 0 it 47 ) A A2 MK 0 Pt BE AR AR AR 22 0 0.226 3 °C, 78 53 R M0 0.499 00 5 174
R A PO BE AT B 7 36~45 “C AF S MR W25 J 11 70 A S FEIE 28.36~53.20 kPa. BFFE4ERE M, %A R
Z Y] LUIE R SCBHK SEHE R AEERAIHEK SF D BE , 25 1R MR A Y4 T8 s 7 B Il IEE 70 A B4 AP TR MK

KA

FESZES  S817.3 XERERIRAD A

7L B B A A A A I R T AR S B RR Y AP
AFAA B TG AN R G 2R 7 3 B B s,
CA GRS RO ENEE & AN E RS S Py S
1R A A BTG AR R L A IR B M 4 28 5 Ak i A
LSRR SR AR HAT, o T AR A T B
BB SRR IR BE ) AN U I | BE A 0 L e 15
s FL AN R A IR, 5 B LA TC W B sk
M A RS A W AR S5 /N A8 ) B 22 AR
JoRE 170 T e a0 R A O LA 1 R
SR, S I WA D 45 2 AR R A A I R A B
fH it .

8 S8 1A W LA RS 7 0 2 AR N TR
IR IR, BIRG R T WSS B SR BUOR 2
{1 ) L LS AT SR A7 A — S0 A 2 b, B AT
MR 55 Bl 5 RO A MRASCRAR T, XA S5 B R
B WA Ik P S AR AR G 55 5 1 SR s A R
SR P FRER AR RT3 o e, W P BB A A
] P AMIE 5 2 3 B R MRS 1) R T A 1 A 4 e
WIEE AR WAL, RS 0 B T A4
Dy 45 A Y [R) AL, PR IE T T LA A R 5 K A £
B Mecallum 6 BT — 1 B i 145

Weks H . 2022-06-07

FeaTUH e AR 55 9 L 1 (2662019PY 065 )
SOttt E-mail : 32749010628@qq.com

WAEVEE : XUMEDE, E-mail: meiying _liu@mail.hzau.edu.cn

WFLOPAE s TR FOWhiE s ik iE ; CFD BUafil; B E5RM
XEHS  1000-2421(2023)02-0216-08

HE IR A SR YTk RS A RO 14
AT . AL R T — iR AT A AL 7E
HEFT AT T WIS, 7 BN AN 0 2 M Y B8 A
JIE WKW B AR AN HILIE AT [ 35847 Partridge
EURER T — AR R A SRR AT
TGN TR BECR P2 i R PR AR . (AU, 4 i
MR A2 A B LL R [ S R R A O AT A — L
AN ZAL PR ZORE ] A 4 B W5 K B 5
Bop R IR AR R B A shis e 3
g, F B ACTEART s AT L H 8L A
15 MRACRIET .

RT M, EH T AT R ER L, Bt — M
WM RS, I IF R HT PLC W AZ ORI 38 1477
IR P RS, LA S B A R A A sk, DA
PR A B R IR 22 A T AR R K figp e
W27 L A5 W A A A ) ) A

1 RS

1.1 BREH5TIERE
AW 8 GB/T 17824.1—2008 ¢ HL A 5% 17 4



o5 2 1A

SO 25 AP RGO Sk B 217

BOEOR AR T & A K 18 m, 25 4 m) Bt
17 TAFHE RS R G SR BET, B I AT i 28 T
R, o0 2 HE 2, B A DR 7 A 1] R 8 Sk i
FUFHE  JFBCA 4 MR YIBE . T Bt i A HE R
RGBS A 1 R, 2R AR (K
il B2 WK A R e B HLrp A AR P P A
g5 5 PLC A ] 2 i g S5 on e R4, EEH T
T MR 2 B i B R AR S Y B A 5 K o 7
ALK FL G R A BC WO HE BEPEAR A BERE e LA %
FRELE A, 2 T K B0 A AR B i 16
B PR OB LR I PRI R R R T R ER
T R 11 7K L R 5 2 B A 2 R, 3 T WK Y
T3Sk .

If [

XXX INEX XYY

\
\
\ AL
YT LIIXIRNETTY])
T\ |i
\
|

Il
H - M TTTT[ [E53T \ CTTTIgCTTE)

T IEoN iUﬁm‘ﬁJ%%%LE K% B
1. ¥ # 45 Control cabinet; 2. i 7K i % i Water supply solenoid
valve; 3. i 4% Agitator; 4. 983 Hi Hl. Gear motor; 5. 15 Bt 43 fi#
Piglet milk jar; 6 1 B2 H1 % i Feeding solenoid valve; 7. i3 i %% Fil-
ter; 8. fi§ ¥ HiL % 1] Circulating solenoid valve; 9. HE7K Hi f# & Drain
solenoid valve; 10. A % Feeding pump; 11. BE W5 2% Breast feeder;
12. %1 3% %38 Transmission pipeline; 13. {7 3% - B4 Piglet conserva-

tion box.
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Fig.1 Overall structure diagram of piglet feeding system
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Fig.2 Simulation model of milk conveying pipeline
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Fig.3 Local mesh generation of milk delivery pipeline
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Fig.4 Schematic diagram of pipeline monitoring points
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Fig.5 Structure framework of control system
2) BB . APRE RIS RS L) PLC O
Pt , il ad PLC X fil 557 A% s S5 5m A B R
AL MU, 2 ) 25 AT BB A 1 0 457, BRI Ik 3 K
I FEdE IR AHEK TR IR MCGS i1t

b

TS H S A R A A, T T
R B FEr, Bl R A R % 42
A2 I RE , AR AN &L 6 Bz o tedh, o 1
TEXS A7 WKl B2 OS2 ], T T PID il 35

VX BE Y

IR T
AT
T

AL
TR

0

HETIRE

{1

Ao

E6 BzxEmnEE
Fig.6 Automatic feeding flow chart
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Fig.8 Effects of different pipe materials on pipe pressure(A) and temperature(B) distribution
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Fig.9 Effects of different inlet temperatures on pipeline pressure (A) and temperature(B) distribution
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Fig.10 Effects of different pipeline flow rates on pipeline pressure (A) and temperature(B) distribution
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Table I Test results of temperature control

accuracy of piglet milk tank

SEBRIREEE/°C Actual temperature

i H Items
30 40 50 60

Wi 1 Test 1 30.39 40.26 50.26 60.54
W 2 Test 2 30.42 40.31 50.32 60.62
W 3 Test 3 30.40 40.44 50.24 60.48

. L

T 30.40 40.34 50.27 60.55
Average value

OREe 0
HXIREE/ % 1.33 0.85 0.54 0.92

Relative error
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Fig.11 Measurement data of milk temperature
in piglet milk tank
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Fig.12 Determination of milk temperature
distribution(A) and measurement of milk

outlet pressure distribution(B)
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Design and experiment of piglet feeding system
and transmission pipeline optimization

WU Zhuangzhuang , NIU Zhiyou, LIU Meiying, LLIU Jing, LI Hongcheng

College of Engineering, Huazhong Agricultural University/Ministry of Agriculture and Rural
Alffairs Key Laboratory of Smart Farming for Agricultural Animals , Wuhan 430070, China

Abstract Aiming at the problems of low automation level, high labor intensity and low feeding effi-
ciency of piglet feeding, a piglet feeding system was designed, and an automatic control system with PL.C
controller as the core was developed to realize the automatic control of water addition, temperature con-
trol, stirring and feeding in the process of piglet feeding. The effects of pipe diameter, pipe material, inlet
temperature and pipe flow rate on the pressure distribution and temperature distribution of milk water pipe-
line were investigated by CFD numerical simulation.Based on the simulation results, the basic parameters
of the pipeline were determined, namely, the pipe material was PPR material, the pipe diameter was 6
branch pipeline (external diameter was 25 mm, wall thickness was 2.8 mm) and the pipe flow rate was 0.8
m/s. The performance test showed that the average relative error of the temperature control accuracy of the
piglet milk jar was 0.91% , and the temperature variation was maintained at + 1 °C.The standard deviation
of temperature sample was 0.226 3 °C, and the coefficient of variation was 0.499% ; the temperature range
of piglets feeding point was 36-45 “C; the pressure distribution of piglet feeder ranged was 28.36-53.20 kPa.
The results showed that the piglet feeding system could normally realize the functions of water supply, stir-
ring, heating, circulation and drainage. The pipe pressure and temperature distribution at each feeding point
met the requirements of piglet feeding. This study has important practical significance and application pros-
pect for improving the level of feeding automation and feeding management of piglets.

Keywords suckling piglet ; feeding system ; milk preparation tank ; transmission pipeline ; CFD numeri-

cal simulation ; smart farming
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