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WREET 2013 4F 7—8 HHHT. WM AU E K
PR 2F A R ARG s, A7 T 22 B8 =2 MM T (33.55°N,
115.39°E), iZih[X 7—8 HFHAXIEL) 77%,
VR EFE %0 (temperature-humidity index, THI) >
72 CPZ LRSI D) IR b7 87%1,
2 MR EG A HEHES, AHEE 10 m, B8O R PUAE ) .
445K 252 m, #51% 10.8 m, KT 2.8 m, XU
B R 28T T IO A BLR T, 2 e T A A TR
JEHARTFIA] 3.6 m, #% 1.5 mX 1.5 m (KX %) [ H,
WE T 1.1 me F AR FOEERAIATE (W 1.

Ab PR G RN A 1R 30 kAR, )l
ik 20 SRR R WA AT ) A e 2 7 1 8
IROSE RGN %, B R T%, RS R 1 m/k,
BE AL 43 Bic 380 24 <5 00 3 ) B AL 27 R o MA R 5 Rt
R B AR 23 B BE ALk 3 Sk 2F ok Ho AR PR AR A
AT RIGEY B AR HARKS L= LE A 1 ¢ 3,
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25200
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Fig.1 Cross-section diagram of beef barn
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a. Plan arrangement of fan-tube system and plan view of environmental

parameters measuring points
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b. Facade view of environmental parameters
measuring points
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1. Feeding aisle 2. Manger 3. Fiber duct 4. Beef transport path 5. Wet curtain cooling fan 6. Hole 7. Pillar
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Note: m are measuring points of temperature, humidity, wind speed, ammonia and carbon dioxide mass concentrate; A is measuring point of black global

temperature.

B2 RA-RE-F @A EERIRSE AN 54 A

Fig.2 Plan arrangement of fan-tube system and environmental parameters measuring points
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a. Outlet distribution schematic diagram on axial direction of duct
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b. Outlet distribution schematic diagram on circumferential direction of duct
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Note: 1, 2, 3, 4 in the figure are hole numbers, respectively.
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Fig.3 Outlet distribution schematic diagram of duct
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1.3.1 R E R M LR T A KAUER 2R
Ik

T W R AR AT K, KU 1 i L
AETFGR, W5 A Sl RS 0.21 m e —ANER 6T X
CURGE AT, 1 B I 10 ASakTi, a8 il
10 RHCFHME .

FERMLIF I B, K B A B AR 1%
FRNLE M R 28N, B 5 min il 1K
XU RO R o AN, AE ANk S
AhEE 1 B AR TR R B B0 A, s AL
b AR 5 R
1.3.2 ZREEARARS K7 &

Ab ARy S FE S PR BRI T R S — L
W R~PiiAn B 2 frs, ESRbR R A

XPURRE . BRI AL . XU 2O AU R T
B o AR 4 ) oA MRV A Bl AN (LS
Apresys179-TH, X Fiks % CHA MR AR, RE
DR FE £0.3°C, AR RS B o +3%)
K8 IR A (5 Testo 625, 4 4y 2 [H [5r 57
BAEBRAT], KR A£0.5C), Pl Xy (75
MODEL6004, Ik FHINEF Rl = A8 A B AR, K5EE
H£(5%+H0.Dm/s ), AR BRI AL (S
TES-1370, ZALH -7 LM AR LA, KN
+3%) SR (5 TsA8, VRYIT 2
A RAT]L K NE3%). h T il 45 R vE
i, AR IS B DB 23 i A= Sk AT
IR R 3 ARl MESEHR 0.7 m (R
BN SRR A1 1.3 m CPRIZRSE SIS SR e ), W
WK 2 froR . SRERERSE MR (B445 JTRO4,
ettt gl B AR R AR A, KR H+£0.5TC),
W ERER 1.0 m, WAWE 2 Fros. e E A
20134E8 H6 H—8 H. 10 H—11 H. 13 H—14
H, #K 08:00. 10:00. 12:00. 14:00. 16:00.
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AR B A i $8 %0 (heat load index, HLI)
XN AT 255 VPO . HLL 245 Gl 5. I8
B~ K BHARSS FIXGE R 25 G PR PR FR bR, AR B
4 EE (black global temperature, BG) 25°C A%, #
93K 2 5y

2 BG>25 W, HLI = 8.62 + (0.38RH) +
(1.55BG) — (0.5V) + e**Y,

2 BG<25 W, HLI = 10.66 + (0.28RH) +
(1.3BG) — V.
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2.1 XEEXHEMHSRS L RAERNE
2.1.1 RAEZERIY MR T

1 Ry BATE], XU SRR R AR
N HIEFRE T A, XU A ) AT X T X S
BRGNS, W shyE ol 8.2~8.7 m/s, &K
BEENEA 0.47 m/s, JRUE G A it RUHUA X 22 A
2.19%, 10 A1 ) § t R RGH AR e R 80N
0.0153, FHH XU IT LLIA B3 575% KRR -

x1 REZMHROSEREK )
Table I Wind speed of each cross profile of duct

A Rt i Jakes
Profile Wind speed/(m's™) Profile Wind speed/(m's™)
1 8.39+0.10 6 8.68+0.16
2 8.47+0.18 7 8.55+0.11
3 8.52+0.17 8 8.39+0.13
4 8.56+0.12 9 8.25+0.08
5 8.66+0.18 10 8.21+0.08
2.1.2 BH A RAE R BOR M

B4 il 5 T TR) R A A UL H X 1 3 Bt 2R
B JRRERARL A, N 4 A il ar L
FEthe JRATA ML X IR 52 A B L I A [
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Fig.4 Relationship between wet curtain cooling fan outlet
temperature and environmental temperature and humidity

2.2 BBRRZWNENIMEHNFI
2.2.1 4AWiREETi

2 b B AL ER R L S TR A A ARSI
SEER . WE . 1 2 AT4n, BR 18:00 4E 0.7 m
&, AbBRE RO AL A B A, AR
HAFAEN B R (P<<0.01) 3 S 7E il & I
) B AAEAE R 25 25 53 (P<<0.01) o {EMIRLALBE )
PEHBTAT 0.7 m 4b, ACEREH VI W05 A
(32.4£1.4) 'C A1 (79+5) %, Xf M 5 43 51 Ky (34.2+
2.0) ‘CH1(69£6) %; FEMbIAI 1.3 m &b, AbFEE H V1
W SR (32.2+1.4) ‘CHI(79+5) %, X 4545
Wk (34.2+1.8) ‘CHI (69+6) % . SxfMaAILL, 1
0.7 F1 1.3 m =5, AL & T340 B R R 2 o0 1.8
1 2.0°C, ~PFIIARE RN 10%. AR5
WK 37~38°CHY, FEXVEIE T 7 B 475 56 X 4,
B S M i T 3°C LA L, Hemialik 4.3°C. Mk,
B R 4 e AT R BRI R , AEUAH N BE A P
VAR

x2 NEHELES. MRERSIZHZITHE. BE

Table 2 Average temperature and humidity of each time point in treatment, control barns and outside during measurement period

0.7 m i BEUR
Temperature at height

1.3 m 5 B2
Temperature at height

0.7 m fHy LR
Humidity at height

1.3 m i B
Humidity at height

- of 0.7m/C of 1.3 m/C PSR of 0.7 m/% of 1.3 m/% SRS
Outside/'C Outside/%
wEE  OMEE 4EE MK e MRE MEE e
Treatment Control Treatment Control Treatment Control Treatment Control
08:00 30.1+£0.3A 31.1+0.2B 30.0+£0.4A 31.2+0.2B 31.6+0.1 83+3A 78+1B 82+4A 78+1B 77+6
10:00 31.7+0.3A 33.1+0.2B 31.5+0.3A 33.3+0.1B 34.2+0.1 78+5A 72+1B 78+6A 72+1B 69+6
12:00 33.2+0.3A 34.9+0.2B 33.0+0.4A 34.9+0.2B 36.9+0.1 76+3A 66+1B 75+5A 66+1B 6345
14:00 33.9+0.3A 36.6+£0.2B 33.7+0.5A 36.1+0.2B 38.0+£0.2 74+3A 63+1B T3+5A 63+1B 60+8
16:00 33.3+0.2A 35.5+0.1B 33.1+0.4A 35.5+0.1B 37.0£0.1 T6+2A 64+0.3B T6+5A 64+0.3B 60+3
18:00 32.2+0.2A 34.0+0.03A 32.140.3A  34.0+0.03B 34.9+0.1 85+1A 73+1B 85+1A 73+1B 7446

T BRI S FREROR A B A I 22 A B (P<0.01).

Note: There are remarkable difference between treatment and control barns with different uppercase (P<<0.01).
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WP E e 2 (p<<0.01). FHHLET 0.7 m Ak, At
B 1R ORD AR A B T R R Y E 4 o
(0.75+0.22) 1 (1030£110) mg/m® , % I8 45 23 51l
(0.91£0.25) A1 (1113+129) mg/m’; BEHBTE 1.3 m b,
Ak R S 1) 2SN AR A R R R P YA i A
(0.76+0.22) 1 (1029£109) mg/m’, %J [ 45 43 53] Ny

W /4b# 5 Treatment barns

(0.93+0.26) A1 (1108+136) mg/m’, LML 0.7 F1
1.3 m Ab, AbFRE SR AT R IR G
FHxR (p<0.01), HXMEAHL, B 2 &
TR A T R IR S S E B IR 4 5k 0.17 R
81 mg/m’. I BRI R G T AR A S
S I RS

Xf 4 Control barns

B
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a. & b. EALEK c. JRH
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W AN KRG FRER R FL S R0 & 22 il B (P<<0.01).

Note: There are remarkable difference between treatment and control barns with different uppercase (P<<0.01).

B 5 R RIS fert BB A ZRABR ZRE AR B -F3HE
Fig.5 Daily average mass concentration of ammonia, carbon dioxide and wind speed in treatment and control barns
during measurement period

PRI RGO i A KU B T TR R (p<<0.01D.
TEM e m), FEHLID 0.7 m Ak, AbPRE ARk s,
A1 58 5 4 R RSP 3 G R (0.74+0.37) mis
XA (0.2740.05) m/s; BRHLTAT 1.3 m Ak, AbEE
& O B Kk (0.98+0.54)m/s , X M Ak
(0.29+0.05) m/s. EHXTIEAILL, AbPEEAE 0.7 F
1.3 m w3 XG4 34 0 0.47 F110.69 m/s, {H
PN EZEFRE CRFBR 1 m/sP. i T XA R
50 R PR B SR e U X, B DAAE XU IE R
045 m &b (1.3 m m B, A8 IR ik 2]
2 m/s; FEEIE R 1.05 m 4k (0.7 m &), F
T 08 DX X T A B 1.3 m/so Ut B AR R 4 T 4 v
Fr R, AR R AR AR SR, R
AR EAINA &

2.2.3 AR

R PRI 24 1 g SV IR LA S il HLT 4% 00h 4 A
sl PR PR (HLI<K70.0); JEHGAEE (70.1<
HLI< FRRIGFYED: RAIFEE CPRRIEFE<HLI<
BRIGSAE s AHIREE (HLI> LRRIG A . 4
HLI & 7 N RImFHE R, ARG 3 3L
AT, BN KT BRI S, AR A
VAT RAT, IR, T e X TS A R

T FR HEg 80~130 d. LA KL 21~30°C
FUFEELRE 50 mm A4 (1 SR (A ek i e, 3L by R
I S5 304 86.0 Al 77.00 AV PRI X% g A= 2
R &1 130 d DAL, BB S (AR P T T3k
P2, R AR 5.3 m?/ Sk, OH 15~20°C (iR K,
TG L o ARPEHE A S AR SRR A A R
SAFROE G A, W B R BRI A2 34 96.0
H187.0%2,

3 g U I Kb S RO FE R 45 i 2 1
HLI, (3 3 nf, HATRRG, SXHEHL,
Fk 08:00 kb3l HLI &35 F(R4h (P<<0.05), H4R
I 20350 A A e 2 AIE (P<<0.01). AbBE AP 44 HLI
h(94.17£1.00), 56 A=Ak 457 HUSIBI 58 Hefk
A (87.0<HLI<96.0); XM &4 HLI A
(97.010.78), X502 Ab T3 ZU AR 1 B HAUIR 2
(HLI>96.0). Xk, [l R 480T LA RSl R 4
LI 8
2.3 FERARFGNAFEERSHENG
2.3.1 KRS R e B A

P ZF S BN, IR AR 2 2 22, X
JERUR IR T, S EOA A 10 3R 28 R R
55, WPIRORT A 28 R AT A 5 . Hahn (AT
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WA FNERBEIEL I AT AR R IEAR SR>, % 3 H
N 1) A 2 <5 TR0 R 5 K 6 24 % B 2200 (1) - S8 P
Wi, thE 3w, fElbE e, TR, 5
XPREEAR LG, AL BEERIG A (R PR R B (2 25 PR
(P<<0.01), AbBEEFINFIRAZE Ky (64+8) X /min,
X HE A ARG 2 O (86+13) I /min, Kb BE 5 LU X I 57
S BEAR 22 Y/min, {E 18:00 I BRME ok, ik 3
33 K/min. PA B RRET, BRI RS0 T A 3 RARIR
B 2P (RPN

3 MEHA )AL R & FAX B & BRI 34 HLI A0 OR 557 2R

Table 3 Average HLI and respiration rate of each time point
in treatment and control barns during measurement period

K, £31.23C.
DL EgE IR, fENEIAN], FRERSE T HRL
FEAR AR 025 1) L S R i, A LN 3

R4 NERELESAHNREZHZTHERRENRR
Table 4 Average rectal and skin temperature of each time
point in treatment and control barns during measurement period

H %l JE Rectal temperature/’C  J it Skin temperature/'C

E/TES

Erli AbFE ity st o
Treatment Control Treatment Control
08:00  38.57+0.12A  38.76+0.10B  36.09+0.70A  36.93+0.37B
10:00  38.61+0.14A  38.83+0.17B  36.34+0.77A 37.31+0.36B
12:00  38.56+0.05A  38.86+0.16B  37.08+0.59A 38.25+0.75B
14:00  38.65+0.04A  39.06+0.31B  37.33+0.54A 38.56+0.69B
16:00  38.71+0.09A  39.12+0.31B  37.45+0.36A 38.41+0.71B
18:00  39.00+0.14A  39.52+0.27B  37.19+0.41A 38.24+0.54B
M 38.68+0.16 39.03+0.28 36.91+0.56 37.95+0.66

K1) HLI Respiration rate/(7X-min™)
e me g e A
Treatment Control Treatment Control
08:00 92.8+2.28a  96.54+1.47b 54+5A 65+9B
10:00 92.93+2.58A 97.01+0.95B 55+5A 75+10B
12:00 94.53+2.85A  97.64+2.30B 68+9A 87+11B
14:00 94.2442.71A 97.96+1.23B T0+9A 94+9B
16:00 94.9143.14A  97.08+1.54B T3+9A 96+17B
18:00 95.59+2.25A  97.87+1.30B 65+3A 98+15B
SEYME 94.17£1.00A  97.01+0.78B 64+8A 86+13A

Ee AFRNGFRER R A B SRR B A 22 5 B (P<<0.05) , ARIK
G RERIR ISR A Z R B E (P<0.0D)

Note: There are significant difference between treatment and control barns
with different lowercase (P<<0.05), and remarkable difference with different
uppercase (P<<0.01).

2.3.2 AWAEAMBREFEBRYT

il B A SR SR AE P A A2 15 4k A T
#2Y, LEH PN 37.5~39.1C», £ 4%
DU 72 300 1) Ak B <7 R 5% P4 5 B 200 56 4 1R P 3 B
i BE A R, R 4 T AN, HHATRRES, AbEiSr
TR0 A= 2 15 0 () L B 3 AE 39.1°C LR, H4(E
1 (38.68+0.16) 'C, Xf 44 (39.03+0.28) C. X
WAL, A BEE G A 1134 Vb P W 2
FEAIC (P<<0.01) , ~FIFElEA 0.35°C, fE 18:00 I
FmE i K, 18] 0.52°C,

P AT U, S AR I IE A G
X2 KA R B T iy, MU R e, e ikid
FHEIG IR SIEI 2, aEcE. hk
4 nrsn, BHATRREDG, AREEERIG AR P Y R A
(36.91+0.56) C, X4 (37.95+0.66) 'C. 55X
FrAH L, A BRI 2R 1R 34 R A A B AR
(P<<0.01) , “FI4BEME A 1.04°C, £ 14:00 BRI

W AFKE FRERR AL RO B & 72 R 3 (P<<0.01).
Note: There are remarkable difference between treatment and control barns
with different uppercase (P<<0.01).

2.4 RIEHEFRERERKR LR
2.4.1 KBFIERE i
5 LSRG I 1R) Ak K PR AR 6 2R 1)
W, AR S ATA, TR, AR RS RI
a5 H O i & 4 Al (0.92+0.34) F
(0.54+ 0.27) kg/d. HXTREAAILL, AbPEERF H
R A 0.38 keg/d, ZREFE (P<0.0D). K
b, BT 2R S e A S B s i A ) 3 R
%5 BEMNARGELBEEMMBEIRBEF SRS

Table 5 Body weight gain of beef in treatment and control
barns throughout whole experimental period

WMEATE R A H 38 i =
Initial body Final body Daily weight
weight/kg weight/kg gain/(kg-d™")
KbFH 4 Treatment 529.42+52.14A  557.08+47.30a 0.92+0.34A
%4 Control ~ 500.77+32.63A  517.08+33.32b 0.54+0.27B

He RN FERER R B E R 22 5 B (P<0.05) , ARIK
B RRORIEEE R R (P<0.0D) .

Note: There are significant difference between treatment and control barns
with different lowercase (P << 0.05), and remarkable difference with
different uppercase (P<<0.01).

2.4.2 R BOR SR

RIGHT, A B RO R 550 2 B b e
RZS . AERANRIG I R], 5o IR 8t A — LA T34
BUERARZE (HLI>96.0), 30 kikK 2B b 14 Sk
e v R L TS R RR R R A, R R A
47%; AbIR A 30 S0 4= 7 BRI B BORS IR
RAF, PZRHER, BARHILERIER.
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TR AN 2 MR 2 e el e — 3, DRl K
KA ZETE . WAT I WAL RS RS B 232N
19 000 JG, #1504 5 a FrIHIIEL, F71H2% 3 800 Ji/as
REAIRATA LTI 1 kW-h, 4l 0.49
JU/E, WHLEERIZIT 12h, 5B, J\H )R L ERK
WA, AT R 729.12 T0. BRI I A) kb B
R0 2R A Hon) R H 3 iR e 0.38 ke/d, IR
B N 30 KA AR R ES, W4
P4 M K% 25.60 G kg S, RN
18 094.08 JG. MW I, IE R RET N HRAG 4l A
14 13 564.96 JC.

4 it it

IBATRRR R GG, e, TR
TARRER, WREEREA T, BT R
TR VS B 55% ~85% N P fE 12:00~
18:00, A BH A~ 350 BEAT i T 7 N A ) o e et S
EBR 32°CR, BB SR 1) i DR T i T B
54 FORET AT W, M T BRSO

PR RGOS TN, XS, Sy
SN A AR T LR FE A A R 3 BRI, X2
A KGR R, T AR R S N
YA T BB 20, [ I SR 4 R i
I, BEHTEh 20~40 {5 RIS SR, B
DL A SR B IR HE

6 W, AR Sk R X K I A
(0.49£0.21) m/s, HE/N T8 258 B AGE 1 m/sP, X
I T A2 S X Al B 3 R e azE S X T
PR, S D s AT o (E P2 R AR L
TR 3 S AR AT AR TR b, 2R S
(10 BTl 2 Al HR B BRI, SR TR TR 1 ¥ T
W, ARSI . fE USRI R, AR A
DA 2 Sk 38 X 3 R T PR Rl b, A B 5 3 U T AL
Wil
5 ¢ it

1) T4 A 1 3 XD RGEE 8.39 mi/s, AU K
T 8.21 m/s, 10 AN TA] AR HE AL XU AR S RN
0.0153, T LR 126 A3 5T

2) WRATA KBL-LT 4 RE RS RE W25 5055 T
A EIIREE S AT o A2 TR, S5 FE A L,
FEBHE 1.3 A1 0.7 m A, ALTEE 7B 2 )
FAK 2.0 T 1.8°C, ~FIAAHXTIR AL B 38 0 10%, ~F3%)

PTE 3 8 0.69 F10.47 m/s (P<<0.01); X4
PRI AR AT 3 IR R B A B AR 0.17 F4
81 mg/m®, HLI B 4T 2.84 (P<0.01),

3D ATA KML-LT 4 A R G RE i 2 535 A A2
PORWL, P TR, AN, ) R
FHEE, Ak 3 5 0 2 S 247 WP R B30 6 B A1 22 IR /miin.y
SIS LR FE FAIS 0.35°C . “F I R BRAIG 1.04°C
(P<<0.01); 7EZEAREG B, A BE 5 ARG Ak
AR, HBFEEN 0.92 kg/d, MAHREH 47% K
UG, HIETEA 0.54 kg/d. DAL, 1%
B il 1 £ HAT BRI AT

4) WATA RHL-LT4E G RGE s AT 2 ATk
i 13 564.96 JG. KL, ZBRE K& A S5
Tk
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Effects of cooling fan-duct on cooling performance in open-sided beef
barn in Southern China

Cheng Qiongyi®?, Liu Jijun™?, Jin Wei'?, Mu Yu®, Chen Zhaohui***, Liu Shanzhai*
(1. College of Animal Science and Technology, China Agricultural University, Beijing 100193, China;
2. State Key Laboratory of Animal Nutrition, Beijing 100193, China;

3. Institute of Facility Agriculture, Chinese Academy of Agricultural Engineering, Beijing 100125, China;
4. National System for Beef Experimental Station in Bozhou, Bozhou 236000, China)

Abstract: To improve the summer environmental conditions for open-sided beef barns in Southern China, a wet
curtain cooling fan-fiber duct system was designed to locally cool the barns based on air jet distribution. The wet
curtain cooling fan was used as a cooling source with air volume at 13 000 m’/h and 150 Pa of total pressure. A
fiber duct was used as the end of the duct of the air distribution system to deliver cold air evenly to the beef
activity area for local cooling. The duct was 0.8 m in diameter and designed with four rows of holes at the bottom
with diameters of 20.0 mm and 22.0 mm, respectively; the spacing between two adjacent holes along the axial
direction of the duct was 58.0 mm and 60.0 mm, respectively. The air dispensing mode of the system was jetting.
The duct was hung above the stalls, and bottom of it was 1.75 m from the floor, and 0.96 m from the manger.
Considering the local environmental conditions and farm management, the operation time of the cooling system
was from 08:00 to 20:00. The study was conducted with Simmental beef in an open-sided barn with feed and
water available ad libitum. Data of wind speed along the duct in the axial direction, the cooling effect of the wet
curtain cooling fan, the environmental parameters of the barns, and the physiology and body weight gain of beef
were collected. Air speed was 8.39 m/s at the head of the fiber duct and 8.21 m/s at the end of the duct. The
variation coefficient of wind speed among 10 cross profiles was 0.0153, which showed that the air duct could be
considered uniform in air supply, with rational design and layout of holes. The outlet temperature of the wet
curtain cooling fan increased with ambient temperature and humidity rising. During the measurement period, at
beef standing height (1.3 m from floor) and at reclining back height (0.7 m from floor), compared with the control
barn, average wind speed increased by 0.69 and 0.47 m/s, respectively (P<0.01); the average temperature of the
treatment barn decreased by 2.0 and 1.8°C, respectively; and, the average relative humidity increased by 10
percent at two heights. However, humidity was still within the appropriate range of 55-85 percent. Compared with
the control barn, the average mass concentration of ammonia and carbon dioxide in the treatment barn decreased
by 0.17 and 81 mg/m’, respectively; and the average HLI decreased by 2.84 (P<0.01). Compared with beef in the
control barn, the respiratory rate of the experimental beef was decreased by 22 beats / min, rectal temperature was
decreased by 0.35°C, and skin temperature was decreased by 1.04°C (P<0.01). Throughout the experimental
period, the beef in the treatment barn never experienced any sickness, and daily weight gain was 0.92 kg/d; while
the morbidity rate of beef in control barn was up to 47 percent, and daily weight gain was 0.54 kg/d (P<0.01).
Operation of this system for two months could earn 13 564.96 Yuan of profit. The results showed that the
application of a wet curtain cooling fan-fiber duct in an open-sided beef barn was effective in relieving heat stress
of beef. The application of this system in Southern China, which is hot and humid, is technically and economically
feasible.

Key words: cooling; humidity control; jets; wet curtain cooling fan-fiber duct; open-sided beef barn
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