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a. WERSEH

a Internal structure

b MG

b External structure
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B 7RG 8T 9. 2 SRR 10K TLEIA R
2IRAAE 13 NH; -G 14, 1 SRl 15 BREEERE 165
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1. Sensor node 1 2. Galvanized railing net 3. Air outlet 4. Trough 5. Water
bowl 6. Manure pit export 7. Slotted floor 8. Small door 9. Sensor node 2 10.
Air inlets 11.Air conditioning compressor 12.Gas mixture chamber
13.Electromagnetic valve for ammonia gas 14.Fan 1 15.Air volume control
valve of main pipe 16. Exhaust air valve 17.Manure pump 18. Fresh air
valve 19.Fan 2

B1 fEREHENTER
Fig.1 Structure diagram of breeding test chamber
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I ANSYS 12.0 FAF 6% =530 AE 1S
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a. Airflow field streamline
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b. 0.1 m i XS S i
b. Wind velocity contour of 0.1 m height
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c. 0.3 m RS K
c. Wind velocity contour of 0.3 m height

B2 FRIARE A ARSI AOR
Fig.2 Diagram of airflow field simulation of breeding test
chamber
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Fig.3 Schematic diagram of control system for breeding test
chamber of environmental control
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Table 1 Parameter of executing device

. . - AEHE  BUEIh%R N
Device name Device model Working Rated Main parameter
voltage/V_ power/W P
¥ AR HL
Refrigeration ~ QX-C214E030g  AC 220 1200  fHIAE 2460 W
compressor
Pay= e =
- Wb.u“” " HKI1K AC 220 1000 Jn#E 900 W
Air heating pipe
KM Fan AFC2012DG DC 12 21.6  0~580 (m*h™)
NH; 2 ] R A )
NH; control 7041 151 6 DC 12 48 05s, 1.6 MPa
electron
magnetic value
ST
e MP-3500-24 DC 12 168 45 (L'min™)
Manure pump
AR 1
Ventilation ~DA4MU24-A/AS  DC 12 3 0~90°
value
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A STM32 [#] USART1 #1 USART2 #4788 &4 . 2 ME
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3R i%E STM32 ] USART1 F1 USART2. A& 8285 15
RIE M HAEARS KA A TR HIRLEE PR+ A B
+CO, FRF+ R AR FRF 7, HA RGN 2 4
FAH “FF 057 o TR MR E R COy 7457
R 7 75 38 | R 6 7 R, = e, i m]
B R IR SR 1SRG 4y, R 75 W] 45 R /N B
a5, RREEFRFRN 10 AT . PRI 2 AN AR T AU
BRI KRN 20 AR .

WOt NH; A& A8 (5 7 XN RS485 i#{5, STM32 H
CR SRR dES TTL BF, Lot NH; &5
STM32 {5 i 1 2 [8] 7% 4% TTL-RS485 Hi T H#& i fkith ,
STM32 158X NH; < HIEE B8 STM32 [0t NH;
FE AR K% “:09NHO100CO\N\n” , ALEERKGI NH; 3 &
JERZ “:09NHO104+ NH; W E+HRE 74+ o
TR A ) NH; R BN 4 At/ sk 5 36 7 747 3% 2
T, BREEuw 7 AR “\in” WFTE FA ASCI
2 Fx 256.0 HURE . 06 NH; A% A1 NH; 3K FE 585
17 A

I RIS NH, AL BRER A 1 SR 38T A1
W AT S ], 2 SRS SRS RIER. 7
STM32 £z B 1 T AL AU SR M I, NH; 2
bR &AL NH;_Flag B 1, STM32 A0 NH, 4% a8 k1%
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BI2fF “C” o PRIIREE R FAR MR (M R 12 60
FT. STM32 5 PLC {5 USART3 WAFRKEN
9 600 Bd, 7E 505 3B 58 B J5 48— i1 USART3 K% % PLC
I3 {5 5 2 Port 0.
1.3.3 PLC &5 %t

R TS PLC 5 STM32 Z 1A iEAE, Bt Bl

Uiy 11 Port O FI8 {5 152 205 SO 2 15 1845 o 11 ) (5
AN B B D8, IEEBREEN 9 600 Bd, BNF4F1
I N 8 1, ALK . B Bt =08 50 B B
PRZFAT-45 SMB87 IS B 27T, PR E AR
R, WE M EREENThRE, REFRF
9 “FF 05”7 5 M INZAIIThAE, 2NN R
5ms; WERKKIEWTFRECHN 60,

PLC #2030 3 IR E S 75 L AT 715 1 7 Ak
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FIfEfE bR . 6 T 06 NH; A& RS 5, g3 A
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PPt S VB30~VB33 ., FHTARF AR 5 Fiw.

a. NH3

| ‘ {

12 3 4 L P17 18 19 20

| | ] ] | AAAAAA l ______ | ------- ll ------- |
|

b, HREL. ADHREL. XUEAT CO,
b. Temperature, relative humidity, wind velocity and CO,
e 1~20 AN 1 AT
Note: Each box of 1-20 refers to one byte.

B4 RE. ABIEE. Kik. CO,A NH;H & B4 F 7
FRAEX B
Fig.4 Diagram of byte rearrange pattern for temperature, relative
humidity, wind velocity, CO, and NHj; sensors
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Fig.5 Procedure diagram of temperature and relative humidity
control
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NBCHE A B R T, 0 2 R B AT S U AN S
AL, R AR IR VR T P ] . 5 0 R I R
BAEVWE VG, AR, WIS A0 2R
BRI E ETEs AR, HEA EgEUENE 3 min,
WU FF 3 174 FE 4 LA PR 550 R T B s 5 A8 vt PR 2 ],
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Fr 5 AR 2 1) R 40 38 0 45 ) e KR T T O AR AN
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Wik 6 s
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Fig.6 Procedure diagram of concentration of NH; and CO,
control
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0.112 m’, [RIMZERE T = A2 BT 0.037 m, HREdN
RN FERE K ANRE, O IR B AR R S RE R
S% SN, SR ARt B 0.05 m, Ik
AKIBFAFEAR T AKEN 02 m, WAEEFHIL 0.75 m® K
RS, TZEE R E N 45 L/min, T/E 16.7 min Al
0.75 m’ [Z&y5 4 A, it ESE T/E 1R, T
PER KN 15 min. @B HHZELL READ_RTC $5 4 B HU
PC AL BB ) 2 A HE
1.3.4  MAxsrtfagit

FRIE AR T 2R G0 s 7 ST b bR A AR . PR B
EORBER . B IB TR B R B R AR R kT R R AR
BRI ER, $EH RGN S 7 fis .

- — e =)

| _\ A\ B R K ST %R FRREFE01L 01232018 2B 33826PM

15Fm  HpiE SEETEREL BYSE AP Ktk

BE 2 © & BE 29 T

BE 56.8 % H BE 5:

W3 %4 ppn NH3 €0z 460 ppm

02 480 ppnm cox M#E 0000 nfs [ Auspd
Ak 0838 n/s [ Auspd

psay EEL ONAE ORAR O OMER AL ARz ORRS AU R
. [ @ @ [ @ [ [ ] @ (4]

— = fiz-} =) i)
REIT HARERE SERE
T @ [} ] ]

H: @NIETRE, @RFIRRES
Note: @ refers to running state, @ refers to stop state.
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Fig.7 Monitoring interface of control system in breeding chamber

PR AR Bk i B O, R DRI R
5 R 414 & Sysinfo_Date. Sysinfo Week. Sysinfo_Time
AHRHG, WE VO R MR, BN 1 s,
RUAT 7R R Gu iy 5 B o PREEEHE AR B (1) S IR B 3
P T 2 ) 5 RE G I A 58 B804 I 18 1 A7 b S BB kS
Kk, WE VO BN/ ISR, SR IR EE E
RIS BLASE B 2h S R . R B ITIRES ERIR
Py BoRPAT W& R ITIRE . W TREBNERES
23 ) B RUHILRR R, 03 B L R4 S 5 T 0 I
INBATIRAS, FT 0 BRiFIRE . IRERRIT BRI
Hok e s ERR . R RFR . NH; 35 _EFR . NH; 3% RR
SREFRRIT ORBRE R, o 5 S bR PR H A e T
BB, RSB R T INGR, FEAIEEIRE.

AT EIIEHAREE, £ WinCC AR %t
THET VB AR L R B 2 T DhRg, SCIL TR GE AR IR
FE FEXHEREE . K. CO, WREEAT NH; ¥ FE 0 LAk 2
B A E I 5 35 tH 248 2 1Y Excel SCfFH, H VB A
BFEVU AR, 437 94T HF Excel B ¥ B A i) 5%
BIEHURE BB H I AR . A KIS 2 Excel S0

2 HER5HH
2.1 FEASREEAE
2. SRIRIE T R

1
1.1
SRR Z RIS A BHERE GoPro Hero 5 #4401, 1A%

B, B4R, BEHELT . GoPro Hero 5 #51% #8143 E GoPro
A AV AT RSB RAR AL, I RAD R S TE A P B Bl Ak
RE R HEUHEBR B o] = AR BRI S, FRAEAH 8
R G 1 ANLIR S 0 35 746 N sl, ] e i W 5240 55
FIIIE B ARG L0 SEBR B 5 ANSYS Siftds it ) A
. BRAUHDIE SR ERERE, (T a1
TERR I PR A . BT SR BRI UL 52 0 55 37t 3 B A2 0 2
Sapai

I H METIRUE LRSS ANSYS B <R
Y& M B A [F] o AU 55588 7 R B e 2 22 8%
N 25 38 a AR A 7 2 N A A RS N P RO B
DAELZE, FF HAH N 1 5 WA B nT DL I I Hh 52 30
THERIEER . N7 NFE N IR S Bk, i e R
RNLAL T2 1k TAERES, RS SIRE R P BRI 25 10,
LRI Y78 o BRIGe 7= A2 KBRS T 0T J3 KWL, Lt
IR H T2 SR A AH R BRI LE RALAES) N R —it
s R E, R 3 AR FE N . 8 T # GoPro
Hero 5 TAZHLREE 0L RIS M A S id kAR, BRAZAHL
[ 8 FESR BN R b, HREEFEA AN — MR EE, &
N1 me FANAEBGH LB B SRR s R R
g%, FEHER O HRERE g —ANHRBEAT, 7EHAR B
REE—ANRELT, BReEsES R el e E s K B
%, HEAEBEEEATOGER, BT LA B
AT PR 25 S B AR T o
2.1.2 KR,

o B e 1R EE AT R e, I RUR
WK 8 fn. B 8 o, MHZHENAE BT B TRl
Sk, M EE 3 N O AT, SeENA
XTI BEEE, ARG VRS BB ) N BIAR K, AFE G T ]
B, B REEVEAFERN, RS . BT s,
SAE RN IR S) Nk NFRFEA N, BUEF AR R TR
)% THT RS RE , TR R AEAR T BHES AR 480 1 4 S B
W N EN, B VRS HTH )3 A BT AR SR R S, G
SIS RN TR ECBREAN A AR 2 R), T BOREAN AR AR Y
HYSIRAEIE o R, A 25 450 300 1 S bR 5 ANSY'S
S E R A A ]

B8 IR I F R
Fig.8 Smoke test of airflow field in chamber



%2 Hon

Z IS U BB SRR BT S A R b 209

2.2 FEFRZTREAE

N T AE S IR G 2 AR I8 7R FE AR 104 B g
X SR AR AT BRI . IR AR RS I T AR N-10~
135 C, ¥/ N+0.1 C. {BEAKBRMNETEEN 0~
100%, #5/% N+3%; NH; SR MNEEEN 0~
100x107°, K& ALIx10°; CO, A% (1l &5 B N 0~
10 000x10°°, A% A+1x10°,

HRIG AL IR )y 2017 4E 8 A 31 H 18 K% 9 A
1 H 18 i, R %N 22~24 °C, NH; #E &
BN 10x10°, RIGHWE L 9 FioR.

SOe i /% Temperature .
. - - - - fHX} i fERelative humidity
490
251 80 .
>
o 20} g
Joo £
g 15 -:ll it in'l"l‘l\ i '-"": "n;‘ all:"A':l . " Hl"l‘"l "h”i ¥ “*u' 50 E
S i e R A el 2
o I SBRDa Rg e ay 40 5
T Rk i .k TR T 1
= RS R AR R LR ;30%;
120 2
5r z
410
P T T T T TP e e
AR A R A D A R A A A AR AR
SN hgﬁ?;ﬁp;\, Rﬁ%"@‘b"%"@b NANSERAREE
I % Time
a. WmE. TRk
a. Graph of temperature and relative humidity
15 ----NH,#¥% Concentration of NH,
14 ——CO, % Concentration of CO,
L 13} .
St S
Z 11 1y o
5108 2
g of z
E 8} 2
£ 5 11500 &
g Tk g
2 6h 2
g 20 ]
SRS 11000 §
e~ 4500 %
R S
|| Q
obo v v v v

0
AR P A PR AR PR R PR ER NP RRER®
FOPPVPBRIIB T @2%@5%”\ AP ORTANGINE
I | Time
b. NHs. CO, ¥ £k
b. Graph of concentration of NH3 and CO,
B9 IR IITHIE KA
Fig.9 Graphs of environmental data of empty chamber test

FEVHAR IR IR E N 29 °C, Ol 8 R iR
FEAH 24 °C, $=H RGEH 64 EANLITGE TAE, PR
WIRE IR T . MR FRCE 23.5 CH, HIAEgNLE I
TAE, AH TSR B A R A TR R R ML IR T
TEJG U R RCR, RN IRESRS N MEE
TV 5E M AT 22 “CINF, 45551 R Gidssih) 2 A0m#k
B TAE, REANAEEE. QEEAEE 225C
B, ZAUMAEE IR TAE, FREEAA N I PR 5 IR B w] 4
FRAE 22~24 “CZ 8] o T AT 2SRRI 1 RSB
FENARIERE, AT RS, BB RG2S n
ERARRIRIEN, FRFEM N AR E4ERE 30%~50%

Z I8 P 10a Y, FREEAN AN BIREAN T 22~24 C2 [0, £
FEFHLIE AT 30 min FIEE 5, IREEAE N (23.1020.76) C;
AEXHREAN T 30%~50%2 (8], =L AT 30 min (1)
BEia, WREEN 42.98%+8.72%.

FREAFE N RIS NH; WREEA 0, #=H RS ahigAT
J&i, PLC ARE NH; A% A5 K I A S NH; ¥R B2 3l NH;
LRI, K NH VENFE W, NH; IKE_ETHIE7E 8~12x107
L NS BN CO, P AR, It CO, iRk AR
T E MR 1 540x10°, i 24T 500x107° /245 22 1]
EE 10b H, FEFEAS ) NH, IR EANT 8~12x10° 2 /],
P IFHLJE AT 30 min MBS, BME N
11x10%42.50x10%;  CO, #RFEESE 500x10° /247, FBAFHL
JEHT 30 min FUER IS, BMEN 492.11x10°+4.09%10°°,

FRPE 2 F IR DG A 45 vl i, FRFE A 15 ) R GLHR
MIFEHIRE FE £l "C, %F NHy ¥R 5 1 fe A 42 RS T ok
+2.50%10°, FREEAE R R GU 4% M A KA
2.3 REBFERRK

B VRAR T 3 57 R 6 R 36 6 5 R rp oK 2
mESTER 6 R KAMREH, HAEHBN 2018 41 A
30 H, H#Y 40d 247, BN 10£1.5 kg, T8 E
R B HBTOK, B IUSmRE, fR Rl . R
BONRERESK 1 kg, BIRER [ FREME RN 6 kg BUEAL .
THEFET AN 1R

AVRFFFEARIGI (8] 2018 423 H 12 H& 2018 424 A
2 H, 3 . hTiRsess Hid ks 6 i, REHAEKR
AT R P I R A, DR R AR R e
27+1 CHIRRRA R 2°C, RIZE 1 FMEEERIEE N
26~28 C, 52 JAN24~26°C, ¥ 3 FAN2~24C. M
SHEFEEHITEE A 50%~80%, CO, WREEHIZE 1 540%10°
LR, N THEF NH; 58T 452, NH; 3
T 50x10° 47, FRPERIGHE th 28w 10 Fios o

Kl 10a 7, 55 2 JERIFREFANIREN T 24~26CZ
B, ZBR#FHE 30 min X282 FIZEE 3 FEEDH
30 min $0¥5 )5, “FHME N (24.81£0.84) °C, 3 JAMIR
FEN T 22~24 CZ[A], ZRpdsish 2 25 3 ARt
30 min ¥¥5 5FME N (23.76+£0.50) °C, MXTEEA
T 60%~80% 8], “FIME AN 74.05%+6.64%. HRHEHIN
W RAIS, 3 A 20 HElERIKKEN2TC, 4 A1
H Al 5 S URIE S 28 °C, Had s g, M
Rl ot e SRR B 31.2 °C o IR AS VARG 39 1) A A 853
FEASREER, (EARYE ] 10a P IR B B2k T, BARAN A
WEE R R et w2 S EE N EEA N R T
B, (EIREF ) R YR e M A N O TR R SR 2 A
FRERCEa RN, HEERONF e E /N T C.

7EE 10b o, NH; i 5 8 R A 47x10°~53%10°
Z 18], SEHIME A 50.18x107°42.85%10°°, CO, W R H4MIT
T 1540x10°, “FHME N 1338.5x10°£150.3x10°. NH;
TR E RS B /N T 4310, CO, MR K A 1] DL 32 il 76
1 540x10° LLR.



210 Ll THE2AH (http:/www.tcsae.org)

2019 4F

30 ¢ —— )% Temperature 1100
- - - - HiXHiE ¥ Relative humidity

B

z

o -

> =

] =

E 2

é =

L

> =4
&

= Z

5 150 &

0 40
O NN N D axd A A PO ADN D O
6’"\@» Q,\)fbgﬂ)fl»é,)ﬁ» Q,bﬂ»@fb Q,,)fl»@ﬁ»@fb Q,,)fl» Qﬁ):’)@b QNQ QNQ
B AF AL D ad AF AD AT AD AF AF A AP A
ST ST SR S S S
H¥Date
a. U JE KRR i 2 P
a. Graph of temperature and relative humidity
—— NH, /¥ Concentration of NH,

60 . ! 23000
----CO,#J% Concentration of CO,

. : : 27005,
230 24003
= i e}
%m- 21004
= 418005
B30 iy . b st wGe s AT N WP A 4,41 5008
E0 Lt A N g b Rt |2
g fm%«ﬁthsy?ﬁ.w}[wlm@
2 20 F (AR W Vo ‘;“ ‘ 1 "', ! “!' <)
8 oy {900 ‘-;
= | =2
210t 600 %
s 4300 8
Z

0.............0
SIS S I S S
O DD D D X 0 DD S DS
N S S A S A A NN

GRS N & &
AT DN DR RS DR DR SR SR D S S DT QY
I J¥IDate

b. NH;. CO, i i 25 ]
b. Graph of concentration of NH3 and CO,

B 10 FRIARIE IR HAE v 2 A

Fig.10 Graphs of environmental data of breeding test

A UL LB R B IR 5 ATk, SR AR
IREE I RGN S SR A TR P s,
FEEENELC, AR AT A HITE 50%~80%11d& B i
BN, NH; REFEHIREZ /N T+3x10°, CO, WREHAT]
PAFEHIZE 1 540x10° LAR o [F Py AN PR B 35 61 S B 6 K
T H 2 A WM S i AT R IR s i s, BB E,
PR i K Tz SR AR T R I, AR M B Fe e
A AR 1P %S b IR A T ) R SR A
Kt (Al A2 e iz AT R, SEB T A IR . AR .
NH; i CO, iR S5 I8 R 1- K i s i

3 & it

ASCLL PLC B E AR NZ L, BT T 2 M S50
IR IR ARG, SO T A IR . AR . NH, W
CO, IR FEEE IR ZH0) B Bl 5 42 i o

1) A ANSYS X 5E IS4 IS & ) Fias =X
DA G B M AT BT 3T, FRTAAE N B 5 X
FALE AN, BEHLER 0.1 m /=5 BEEAN 0.3 m 51 b XU
AT 0.4 mis, KORFEA L THE R sz e, HEse
IR I A AR T

2) LT EHEH|#E S7-200 PLC. AR 7 A A B |

PC HLURIHAAT B 142 1) 22 45 ] LA 2 B AN R IR 36 R 1%
PR EESR, S IL T PRI - M A o g R A e A
BB IC R BN,

3) TR MR 5 R R, FREA S
RO E PR B 1 °C o, RH IR AT DA g ) AR
30% ~ 80% [ 3& B Vo FEl Y, NH; 94 B 3% i85 FE 7 T
+£3x10°, CO, W A LAFEHIZE 1 540x10° LAF, FRAEARIR
el R AL TE K R A e s T R, SEEL T FE iR
FE L GRS . NH, WKE . CO, IR EF &I B N T HS iz .

(& £ x #

(1] W, kg d5f PR 7 A OB REZE P MR RE RS2 e K 4%
HRIG[T]. 785, 2003(4): 42—44.

[2] Wathes C M. Environmental control in pig housing[C]// The
15th International Pig Veterinary Society Congress,
Birmingham,UK, 1998: 257 —265.

[3] Lay D C J, Haussmann M F, Daniels M J, et al. Swine
housing impacts on environment and behavior: A comparison
between hoop structures and total environmental control[C]//
First International Conference on Swine Houseing, American
Society of Agricultural Engineers, St. Joseph, MI, 2000: 49—
55.

[4]  RUEZE, JTIRPE, FREAE, 55 MR s A KR A

AERE ML B BT EE A S e D RE RS MAT]. shiE 77
4R, 2010, 22(5): 1214—1219.
Liu Shengjun, Lu Qingping, Zhang Hongfu, et al. Effects of
high ambient temperature and humidity on growth
performance, plasma cortisol concentration and immune
function in growing pigs[J]. Chinese Journal of Animal
Nutrition, 2010, 22(5): 1214—1219. (in Chinese with English
abstract)

[51 wiz, AWHE, KOG, & HURGHE R b3 & IR 5

AHFAEEIN S AHI]. AR TRER, 2018, 34(4): 239
—247.
Gao Yun, Diao Yaping, Lin Changguang, et al. Monitoring
and analysis of thermal environment and harmful gases in
mechanically ventilated multistory pig  buildings[J].
Transactions of the Chinese Society of Agricultural
Engineering(Transactions of the CSAE), 2018, 34(4): 239—
247. (in Chinese with English abstract)

[6] VEJFSE, HWiER, EAR, & EEWEIRNEX F U

(i A B0 AR PR R bR R W (D], AR ML AR AR, 2002,
18(1): 99—102.
Wang Kaiying, Miao Xiangwen, Cui Shaorong, et al. Effects
of ambient temperature and relative humidity on
physiological parameters and performance of growing pigs[J].
Transactions of the Chinese Society of Agricultural
Engineering(Transactions of the CSAE), 2002, 18(1): 99—
102. (in Chinese with English abstract)

(7] FReAds, B, FGIZR. &L o B HIE I RE
SRR A (], FRHE, 2013(3): 25—27.

(8] JHK{E, MR, FBEAR, . WRIEEEANA H AR R

B EFEPERe )] R B4, 2017(12): 101—
106.
Zhou Shuiyue, Yang Runquan, Guo Qiusong, et al. Effect of
temperature humidity and harmful gas on performance of
pregnant sow[J]. Chinese Journal of Animal Science,
2017(12): 101 —106. (in Chinese with English abstract)



2 =

P

Z IS U BB SRR BT S A R b

211

(]

[10]

[11]

[12]

[13]

[14]

[15]

[19]

[20]

EWEL, EAW. AEGEREATE BHEE LERIEE
R[], BRI EMCEE, 2002(11): 15—16.

Wang Qingyi, Wang Zhanbin. The effect of Environmental
temperature on piglet, sow and growing-finishing pigs[J].
Heilongjiang Journal of Animal Science and Veterinary
Medicine, 2002(11): 15— 16. (in Chinese with English
abstract)

VETFIE. B RO A I 55 % & T 2 78 AR (THI) A AH SSHE
BT[], WL K224, 2003, 29(6): 675—678.

Wang Kaiying. Study on the relationship between body
temperature of growing pigs and temperature-humidity index
of pig housing[J]. Journal of Zhejiang University, 2003,
29(6): 675—678. (in Chinese with English abstract)

ke, A, Hatil, 55 A E & e AR
TR RERT]. BhE IR IR, 2016, 28(11): 3386—
3390.

Xia Jiulong, Diao Huajie, Feng Jinghai, et al. Regularities of
thermoregulation in  finishing swine affected by
thermal-humidity environment[J]. Chinese Journal of Animal
Nutrition, 2016, 28(11): 3386 —3390. (in Chinese with
English abstract)

WAKEG, J5iE, Niligin, 5. 8 P& & 25 51
BRI LA R[], Rl TR, 2017, 33(6):
163 —170.

Xie Qiuju, Su Zhongbin, Ni Jigin, et al. Control system
design and control strategy of multiple environmental factors
in confined swine building[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2017, 33(6): 163—170. (in Chinese with English
abstract)

Al BRAEH, B, S5 ' a&/AVUR R ).
FKE B, 2002, 23(1): 67—69.

Shao Yanhua, Chen Zhiyin, Cui Shaorong, et al. The effects
of microclimate on pigs in the livestock house[J]. Ecology of
Domestic Animal, 2002, 23(1): 67—69. (in Chinese with
English abstract)

Zong C, Li H, Zhang G. Ammonia and greenhouse gas
emissions from fattening pig house with two types of partial
pit ventilation systems[J]. Agriculture Ecosystems &
Environment, 2015, 208: 94—105.

Philippe F X, Laitat M, Nicks B, et al. Ammonia and
greenhouse gas emissions during the fattening of pigs kept on
two types of straw floor[J]. Agriculture Ecosystems &
Environment, 2012, 150(6): 45—53.

Saha C K, Zhang G Q, Kai P, et al. Effects of a partial pit
ventilation system on indoor air quality and ammonia
emission from a fattening pig room[J]. Biosystems
Engineering, 2010, 105(3): 279—287.

G, & E RS G RSB (] EAN RS,
1999(5): 45—46.

Huffel K V, Hansen M J, Feilberg A, et al. Level and
distribution of odorous compounds in pig exhaust air from
combined room and pit ventilation[J]. Agriculture
Ecosystems & Environment, 2016, 218(9): 209—219.
Kliebenstein J. Iowa concentrated animal feeding operation
air quality study[J]. Staff General Research Papers Archive,
2002.

Banhazi T M, Stott P, Rutley D, et al. Air exchanges and
indoor carbon dioxide concentration in Australian pig
buildings: Effect of housing and management factors[J].

[21]

[33]

Biosystems Engineering, 2011, 110(3): 272—279.

Stinn J P. Environmental Assessment and Control Towards
Improved Swine Breeding-gestation-farrowing Operation in
the Midwestern United States[D]. Ames: Lowa State
University, 2014.

Seo I H, Lee I B, Moon O K, et al. Modelling of internal
environmental conditions in a full-scale commercial pig
house containing animals[J]. Biosystems Engineering, 2012,
111(1): 91—106.

PO, AR, BR. JET CFX R A O n) 5 e d XU
BR[T]. il K24, 2009, 28(5): 641—644.
He Cheng, Niu Zhiyou, Liao Na. Numerical simulation of
vertical and horizontal ventilation in the piggery based on
CFX[J]. Journal of Huazhong Agricultural University, 2009,
28(5): 641 —644. (in Chinese with English abstract)

PO AEH, FHEA. SRR CFD B
ELE AT 3], AR AR ERL S, 2010, 49(1): 134—136.

He Cheng, Niu Zhiyou, Qi Desheng. CFD simulation and
comparative analysis about air temperature and airflow in the
piggery[J]. HuBei Agricultural Science, 2010, 49(1): 134—136.
(in Chinese with English abstract)

MRS T TRE L F Shis i REE[D]. AR AREK
RORE, 2011,

Lai Guohong. Environmental Automatic Control System of
Factory raising[D]. Fuzhou: Fujian Agriculture and Forestry
University, 2011. (in Chinese with English abstract)

TR BT STM32 M8 & 35T A 3 % R ST BLTH[D].
B : BUMI T RHECR Y, 2014,

Fan Liuwei. Design of Automatic Monitoring System for
Piggery Environment Based on STM32[D]. Hangzhou:
Hangzhou University of Electronic Technology, 2014. (in
Chinese with English abstract)

Bjerg B, Svidt K, Zhang G, et al. Modeling of air inlets in
CFD prediction of airflow in ventilated animal houses[J].
Computers & Electronics in Agriculture, 2002, 34(1): 223 —235.
Tomas N, Jim G, Richard F, et al. Assessing the ventilation
effectiveness of naturally ventilated livestock buildings under
wind dominated conditions using computational fluid
dynamics[J]. Biosystems Engineering, 2009, 103(1): 78 —99.
Gebremedhin K G, Wu B. Simulation of flow field of a
ventilated and occupied animal space with different inlet and
outlet conditions[J]. Journal of Thermal Biology, 2005, 30(5):
343—353.

Seedorf J, Hartung J, Schroder M, et al. A Survey of
ventilation rates in livestock buildings in Northern Europe[J].
Journal of Agricultural Engineering Research, 1998, 70(1):
39—47.

SEHF. BT CFD %% & /N RIS 12 1 R 48 51T [D).
V22 BRVERHERSE, 2017.

Dou Xuan. Design of Fuzzy Control System for Piggery
Microclimate Environment Based on CFD[D]. Xi’an:
Shaanxi University of Science & Technology, 2017. (in
Chinese with English abstract)

MG, A% 4 & W AR I B E AU 7T 5 Bt
TEMAD]. K Al K, 2013,

Lin Jiayong. Numerical Simulation of Internal Environment
Conditions in a Boar Building During Summer and Winter
and Design Scheme Optimization[D]. Wuhan: Huazhong
Agricultural University, 2013. (in Chinese with English
abstract)

Iowa State University. MWPS-8 Swine Housing and



212 Lk TREZH (http://www.tcsae.org) 2019 &

Equipment Handbook[M]. Iowa: Midwest Plan Service, 1983: greenhouse gas emissions during the fattening of pigs kept on

1—112. two types of straw floor[J]. Agriculture, Ecosystems and
[34] Brett C Ramirez, Gao Yun, Steven J Hoff, et al. Thermal Environment, 2015, 208: 94—105.

environment sensor array: Part 1 development and field [37] Chayan Kumer Saha, Guoqiang Zhang, Peter Kai, et al.

performance assessment[J]. Biosystems Engineering, 2018, Effects of a partial pit ventilation system on indoor air quality

174: 329—340. and ammonia emission from a fattening pig room[J].
[35] Gao Yun, Brett C Ramirez, Steven J Hoff. Omnidirectional Biosystems Engineering, 2010,105: 279 —287.

thermal anemometer for low airspeed and multi-point [38] Katrijn Van Huffel, Michael J Hansen, Anders Feilberg, et al.

measurement applications[J]. Computers and Electronics in Level and distribution of odorous compounds in pig exhaust

Agriculture, 2016, 127: 439 —450. air from combined room and pit ventilation[J]. Agriculture,
[36] Zong Chao, Li Hao, Zhang Guogqiang. Ammonia and Ecosystems and Environment, 2016, 218: 209—219.

Design for pig breeding chamber under multiple environment variable
control and analysis of internal flow field

Gao Yun'?, Chen Zhenhan', Wang Yu?, Li Xiaoping®, Guo Jiliang
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China; 2. The Cooperative Innovation Center for
Sustainable Pig Production, Wuhan 430070, China; 3. College of Animal Science and Technology, HuaZhong Agricultural University,
Wuhan 430070, China; 4. Jiangxi Osding Agri-machinery Co.,Ltd., Nanchang 330115, China)

Abstract: In the context of the increasing importance on environmental control in large-scale pig farming operations, more
attention is being given to the research on different environmental impacts on pig health. In order to conduct variable
environments for pig health experiments, a pig breeding chamber under multiple environment variable control was designed in
this paper for more precise environmental control experiments. The pig breeding chamber was composed of 4 parts, the main
chamber, the air mixing box, the environmental regulation executing devices, and the environmental control system. The main
chamber was the living space for experimental animals. The air mixing box was used to regulate the air variables, such as
temperature, relative humidity, NH; and CO, concentration, before the air entering the main chamber. The environmental
regulation executing devices involved the fans, the air valves, the air conditioning compressor, the air heating pipe, the
electromagnetic valve for NH;. Then the environmental control system read environment variables through sensors and
controlled the working of all the environmental regulation executing devices to limit the environment variables in the main
chamber in a setting range. Main ventilation mode of the pig breeding chamber was self-circulated. A fan working at the outlet
built a negative pressure to exhaust the airflow entering the main chamber through the air mixing box and the ventilation pipe.
The air flow entered the main chamber through three air inlets, dissipated in the chamber and then was exhausted from the
outlet, thereby forming the air circulation. The air conditioning compressor and air heating pipe in the air mixing box could
cool down or heat up the airflow respectively, and the electromagnetic valve for NH; gas could increase NH; concentration of
the airflow. The exhaust air valve was working with the fresh air valve to reduce NH;3 concentration or CO, concentration in
the chamber. The airflow in the main chamber was optimized previously by ANSYS flow field simulation. The environmental
control system of the chamber was composed of environmental variable detection module, S7-200 PLC (Programmable
Logical Controller), and host computer. The environment variable detection module sampled all the environmental data, such
as temperature, relative humidity, air velocity, NH; concentration, and CO, concentration, and sent to a STM32
microcontroller every 2 seconds. The program embedded in STM32 integrated these data into one data packet and sent them to
the S7-200 PLC through a serial port. The S7-200 PLC transferred the data to the host computer and simultaneously calculated
out control instructions to control environmental regulation executing devices, limited the chamber’s internal environments to
a setting range. Besides, the manure pump and LED lights were also controlled by the PLC to realize automatic manure
cleaning and lighting timing. The host computer realized dynamic and real-time display and storage of environmental data. The
running states of the executing devices were showed on the screen through WinCC monitoring software. Three tests for the pig
breeding chamber were conducted, including the smoke test for air flow field, an empty chamber test and a full-loaded
chamber test. The smoke test of air flow field verified the airflow pattern, which was simulated by ANSYS previously. Result
showed the smoke formed a circle in the main chamber and dissipated all through the chamber without leaving any dead space.
The test in the empty chamber verified the function and performance of the control system. The results of the environmental
test with animals loaded showed that the control precision of temperature was limited within =1 °C, the relative humidity could
be controlled within the pig comfortable range of 50%-80%, the oscillations of NH;3 concentration were limited less than
+3x10 when the setting value of NH; concentration was 10x10, and the concentration of CO, could be controlled below
1 540x10° basically, which was a standard for animal health. During the full-loaded experiment, which lasted for almost 3
weeks, temperature, relative humidity, NH; and CO, concentrations variables inside the chamber were accurately controlled.
This shows the pig breeding chamber can provide an effective platform for more precise pig, especially nurseries, breeding
experiments under variable environments and potentially helps improve the research method to reveal the relationship between
pigs and their environments.

Keywords: environmental control; temperature; air velocity; pig building environment; ANSYS flow field simulation



