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Wi &5 ) BRGIE DX SR 72 78 b [X 5 2 R0 o 1 0OR 185

ASHIEFE LN /I Bl 138 XU L 55 4 1) e RS X 79
7 it ARG A BT FEN B, B AR T R S
B T 1] 5 4 45200 XSRS T PEMRXS & R 18 0 AT
fHoL, PRI T A AN TR AL B A KU A <5 N A0 IR Z2 1 0L
] T B 42 SRR HEAT TR, DA D B 2 R X < ()
i SRS I BT SR S R

1 #HR5EZ%

1.1 IR ERSIEIEFER

TRIG XS 37 7 T8 5B 4 /R YA DX R o 75 X 1 B
IR F4E (80°16°E. 41°22°N), % [X B Z= i im -1,
B &g miRal#id 38 °C, BRIRZEX 15°C PLE,
1.2 REBE

RIS & s SR A R FME AR 1. 25
O AREXS A, IR Y 24 EXS 20 000, 26 300 H .
PR RS 3 K F AN [R) )k AR, 1 5 B XS & 9 9 v o XL
B, 2 5 EE A MR /N ok KA. i 2 8 R &
i o, e A A [ By B3 e X SR i A2 A8 Ak o >R FH ) R
RGBS, XS 5 BRE I 7 i 25.30 25.0 C.
1 S ENYATE 00:00—08:00 (AbEAE, FFE) B EBCRA
[ | X, 08:00 JiF I T & AN &1, & NI PRk |
Tt RAHLESIEATE 24:00; 2 5 EASETE 00:00—13:30
1 21:00—24:00 B Bt >R (A &fGE K, 13:30—21:00 B Bt
NESENR, LR 154 84 (control house,
CH), 25 & Nl & (experimental house, EH) .
¥ hrEdER, K 83 m. % 12.6 m. M 4.1 m. H
f52ms ¥4 R RGETRE. 34 4 ETETE: ¥
RAAT MR, SIEAE S Ak Uk Kb 2
TR, 85 KR BB E (PR A A
50 AU EHIRRAL, #iE KR 43 500 m*h, 10 5

RIS HHRI PRS2 4 6 XHL, 3R 56 & Fn X 8 4
SEE A A KB g 4.33 F4.93 mP/h. B 4 R
FE W 7 KR R B BB IR 4 i I E R 20,04 25.0 °C,
FrAME R T AR IR FE RS, SR KT 4G A K
IS F AR VU PR b & 22238 19 MiERUNE, NE R
1 0.6 mx03m (Kx%i); FHHRESNE B AW &,
BEN 22 p 1) (1) A1 RS 2235 16 HLilg 75, BB R<F 1.0 mx
3.0 mx0.1 m CKxFExEEE), WK 1afras; xR &7E
HE KBTI L3355 ) A% 1 VR S 22 i i), A 2%
THIE]) & 223 —H 11 mx2.0 mx0.1 m (KxFExEE) 1§
A, AIHE R AR 82228 11 mx ] m (CKexB8) SRR,
WE 1c fizs.
1.3 RIEFFE

F 2023 4E 7 A 10 H % 2023 4£ 7 H 14 HxHR 564
Rt B A IR EE S TR RE . R 2 RN X S AT R .
TRIE A 1 d, Tl 1 X 55 P R AR B A A R B
B, W S NIRRT s Bk 4d, AR
HHATIESNR .
1.3.1 &% MK,

< N AR FE #0443 ) HOBO U23-001 ZY I8 78 & %

0L (£ Onset HOBO A7), &FE: —40.0~70.0 C.
0~100%, *5F: +0.18°C. +2.5%) HZIRE, 4 10s
REMAE— IR 40 2 ANIRIBFEN AT BT M2
B & RIEEM A E W E s, KPR, 4y
SIAE BE B LA G 1L 5% 24, 42, 60 m W i A B I A
MEEWE B R RREEDIRGL, I Bha i
B WL SRR EEITIA L, 4y AITERE E LT 1.4,
26m 12 EM 4 ZEAEEAAENA, T3 H2. H4
Foors WA SRS SAENE -8 8N EN
W10 AN
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Evaporative cooling pad
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a. Vertical viewof experimental house(EH)
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b. A-A section view of EH
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c. Vertical viewof control house(CH)
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Temperature and humidity
measuring points

A JEZE I A
Pressure difference
measuring points

d. %I HE 7 B-BINT I 4]
d. B-B section view of EH
v IR R0 S BE B KU ML 24 42, 60 m AL, G &t KUK
A PR s S T D080 X1 B e TR
Note: Temperature and humidity measuring points were located at 24, 42, and 60

m from the opposite side of the fans, and the air velocity point of the air inlet in
EH was located in the middle of the side wall inlets.

B 1 ke At Ben a4 ErEH
Fig.l1 Schematic of measuring points location in experimental
house and control house
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SEEG ) B YR E EE T CRA PrimAtue [ /7% 18 ES,
i [E FSM A, 0~100 Pa, +1 Pa; EE650 KU {% /&K 2e,
BRI 25N AT, 0~10 m/s, 0.2 m/s) BT LA
B ARG, B 1 st — IR HTFWEENAINEZE
23 R 3R AR, AT S0 7 SR o A, BRI TSR
FHAMISE /N7 13k AR S B0y, e 22000 6 20 AT AR T
Jo BRI A AR 1 BRI 1.4 m S EEAL, R 1b R
DA A543 o AT BLAE AT 5 W b R gk R B B A
SEPRIEIREA 14 m = EAGEIE 2 10 14 m L, 43710
S M85 /)N B IR e A TR 3 KO . TR
G aE KRR R, BT OO T8 XU L L i gk R T,
D] Lt e 22 00 5 A0 B AR SR SRR 1.4 m s Ak, XU
FUA BAE SRR T A B 1.8 m A ki b 2
M 1.4 m &AL, WK 1d Fis.
1.3.3 G

DR AERA L TR 2 POE X RS R XS N IR R
B, EEUBERRZE RN 7 A 12 HA RIS E 50
Mr, WRIE R 2T O PR 2, P <0.05
ZRMRE. % 4h N —BOR A REIELR 73 )9 6 AI A
B (00:00—04:00. 04:00—08:00. 08:00—12:00. 12:00—
16:00. 16:00—20:00. 20:00—24:00) LAEE 47 Hb iz ik 4 Py
TS P BN AE S B aH . it 7 H 12 HAR
FAGFAK B (4h) BEE-PREEE . AR A A B
FE 1) 3 e 5 B A ) ZE AL A S B R [ s o7 B ) I
FEBENME, FETHE 6 NI B ME: At E AR 6
AN B PRR RS & K D7 A (RS T EEE BT S
O KIEEE T (H2. H4) HIRIEEZ,

T P AR RS i () R 3 020 XSRS T % B B IR I
FE 1 0 IR W FE 2 1) ST 33 SR v B R MR X < 5 i) R
SR Fh B KR R R R U A ARV R 2. i
56 4 (8] BRI BN 00:00—04:00. 04:00—08:00. 08:00—
12:00, 3438 KU BN 16:00—20:00; X 8 5 [a] B i B
5 00:00—04:00 I 04:00—08:00, % £ i BL A 08:00—
12:00. 12:00—16:00. 16:00—20:00. 20:00—24:00.

B 7 A 12 H P4 R B A M 228 R A i
Ah s 72 A2 75 52 AN [ I8 AR B 520, FE0F e 35 1 5 3
R 225G . R BAR S B X 5 N A 22 S R L
X AL B BRI IS A7 B TR HEAT 148, - RIE LS 12 3
) 56 % fg B, ik O AT b KO3 TR A i e B
(12:00—12:35) MARIRAS B (22:00—22:35) 7% 35 min
(1) 22 ARG BS0H %o T J2E EUAH [0 B ] B P gl DA
MR SE 1847 B B R ZAE N N AR 227K ARG 3
I 07 S5 5 A R PR MR A 5 1 X 7K S, ffE A Excel.s
SPSS % Origin 3347 £ds i L 22 .
2 HR5SH
21 ERINEREERENREESHIER

S AMRIE E MRS R 2 Fros. 7 B 12 H&4 1

YRS . AERHERE A RN (25.7£1.29) C. 55.3%+3.50%,
B AR E R AE R 458 17.2~34.1 C. 30.4%~

81.5%, F AT AN 5t i A B BLAE 05:00 (b5t
(B 5 F e = A e A AR T 98 B Y IR AE 16:30 (b 5t
H), BRIRZERKN169 C. HTEINEEEN, R
ISy XIS R 2 AT 09:00—24:00.  10:30—23:00
JAIE DR EE K

bl A

40 Temperature Relative humidity 90
35 80 g
e 70 £
2 =
£ 60z
= = = =
=2 s 50 =g
g 40 =2
L <
=20 30 E
15 20

00:00 04:00 08:00 12:00 16:00 20:00 24:00
I} % Time
B2 7H 12849 3KEREE T
Fig.2 Variation of temperature and humidity outside
the poultry house on 12 July

7 H 12 HR5 & 5 B PSR R . AR
AR 25 R 3 Frs . W6 & 55 I 4 KPR
FE. AR AN (25.34£0.65) C. 65.8%+1.92%;
(26.542.03) C. 62.7%%3.03%, & & F1AH G i 1 3 5
TEE AN 24.7~26.2 C . 58.2%~71.5%; 25.4~27.6C.
55.6%~70.0%. ¥ P i 5 35 i 5 /IR FE R U B i AR Ak
TS IR T I AR /N T I . e R
PR RN 26.2 'C, /hF 26.0 'C 1 26.0~26.2 C
5 EE AN 92.4% 7.6%; X HE i 42 R T 24U B A oK
27.6 'C, /NT26.0 C. 26.0~27.0°C }%27.0°C LA L3 IX
18] 5 20 28.2% 49.3%- 22.4%.
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a. Variation of average temperature
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-
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b. Variation of average relative humidity

B3 7412 8KEe b5 ReN-FHRIZET
Fig.3 Variation of average temperature and humidity
in two poultry houses on 12 July
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(P<0.05), A~ "FEBAXEEZSEZE (P<0.05), K
PRI ZEN 49 Co WM EHIKTFEZ N RE,
J2 BT R R g XU I A 22 A AR, A 1S T R
i, N SUAE XNLPE FH R B a3 a M Lim iz 3, X% R
FEITE SRR R, BRI A S SR W T, A
FEAHN FEAR . BT E, PIRASE H2 R HA iR &

MXHEEZ R AEE (P>0.05), X415 WANG
LBV AR, AR TR EEAEER S
TRIG B AR, B 4K i =i S PR FRAE 27.0 'C LR, X
[ 4 J5 ¥ 4 RIRE 164455 T 28.0 'C. ALDAWOOD £512¢)
WA NCNTE 28.0 C [IIABE RS X &= N3,
BERT N, A6 Ao I i f5 RS AT BE 2 52 N B

#1 78 12 BREKESEESETREFMENEE
Table 1 Average temperature and relative humidity in horizontal and vertical direction of two poultry houses on 12 July
Jit B 48 £ EH X CH
Direction Location % Temperature/C FEXHE B Relative humidity/% i Temperature/'C AHX 2 E Relative humidity/%
KT LY 25.5+0.52a 64.6+3.18 a 24.120.84 ¢ 66.2+3.86 a
. i 25.140.43 a 66.5+3.56 a 26.3+0.45 b 61.9+£3.70 b
Horizontal -
JE 25.340.41 a 66.5+3.42 a 29.0£0.53 a 60.0+£3.00 b
EH H2 25.5+0.44 a 64.9+3.40 a 26.5+0.52 a 61.9£3.70 a
Vertical H4 25.1+0.43 a 66.8+3.33 a 26.4+0.66 a 63.5£3.28 a

vE: H2 A1 H4 AR 2 B0 4 BERmEAEN A RN FRFR SR EARMCESEEZRAES (P>0.05), TRATFRFEREREE (P<0.05).
Note: H2 and H4 stand for the measuring points representing the heights of second and fourth layers of cages, respectively, and have the same meaning in the following figures
and tables. The same lowercase letter indicates no significant difference in data at different locations in one direction (P>0.05), while different lowercase letters indicate

significant difference (P<0.05).

Hij #BFront FiMiddle -+ Ji5 #fRear
S g
o 27 032 =75 =75
2 230 »E 70 =Z 70
2 % 22 28 BE BE6s
%8 25 ZE 526 ®E £E 60
£ £24 E2 60 E255
e 24 & 22 = =50
00:00 04:00 08:00 12:00 16:00 20:00 24:00 00:00 04:00 08:00 12:00 16:00 20:00 24:00 é 00:00 04:00 08:00 12:00 16:00 20:00 24:00 &) 00:00 04:00 08:00 12:00 16:00 20:00 24:00

I % Time
a. 0 A

a. Temperature of the EH

I % Time
b. % R
b. Temperature of the CH

IF Z| Time
c. RIS AR IR
c. Relative humidity of the EH

I % Time
d. R R S AR X
d. Relative humidity of the CH
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Fig.4 Variation of temperature and humidity in the horizontal direction of the two poultry houses on 12 July
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AR5
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£ = E 65
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5 E3 60

200 z2

355 = 55
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Bs 74 128MeEL5eREETA
Fig.5 Variation of temperature and humidity in the vertical direction of the two poultry houses on 12 July
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7 H 12 HAS[EIBT B 2 IR B 15 L L3 2. ]
BJCGE RS R, IR0 A R R < T R R 9 B
AR 0.6+ 0.7 C; ELE KK T 278 1.2, 1.0 C.
SR T I JR S B, R 6 o o Y 343 U Bl /N T X
fEy, Rl T I et O 2R T RE, S5l
BEREE ¥ 5] SR PG S0 R B, X0 8 B I
W KT, AHT 16:00—20:00 B B 4h iR i
m, FEOSEBARAGIEA, ERHFRREIMEHT,
I E N AR B R FE S R A, A o R
. R EBRRERACR AN, (S T R AL iR
ZINo MRS 5 TE (8] B KRS T R R e M T
SRR, S T A T IR R E R S RS
1EIEAT, AR08 T i i A

KD ) BB AT . SRS I B BT 1

fH533°8 0.9, 0.8, 0.7 °C; A HIN 130 1.1, 0.9°C.
B 7 ) E R 411 H2 A Ha 4% I B B 3~ M 4
0.7, 0.8°Cs XHBEHIN 0.8, 1.0 Co HHT 08:00—
12:00 B BB i R 46 bk, BGar . 5 i iR B Dk B AR
XTT 04:00—08:00 B Be 3G Frdf ok, 1 H 0 B AR fR
FEAAR o 31X — 30 G 3% 0 50 0 350 B 8 RO AR T
JE HBEE 22, X AT g S50 A 2 KL A 1 AN %
R BEAR, ASAERBUER T M RIS s 185 T
R, S ECE PRI 28 B ALV 2 S T E D .

AN 5 B B 7 AR X < A ) Ao B 9 5 0 B 15 O L3R 3
V) OB TR T, R < 5 e HER <5 2 <55 S 240 R 0 B
BN 8.4, 8.6 N Ar ALy ESHE NS T3 A 3.1,
8.2 NH 4 Ao [AIEICE RUREME T P NS i 2 < (1 T 3208 iE
Wl TR S KRS, S BT R B TR
FEFEEZEH LACIRES W, W56 A TR i sh /N T
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X, XSRS B KT B AR
s JE A I BUR B T 2E 72 AN 6.8 7.34 6.7
N WIRENN 9.4, 92, 83 NS R W
A I B A KT EE N Y, AR S A R

AW i AR R AR IS, R B Sl BT A 5K

Ja /N . 2 L7 ) RIS A ) H2 A0 H4 YRR 54 i B
FEW BN A S DN 6.3 8.6 NH 4k N A4
HN6.6. 8T ANHD M. HTREFEMN LARSE
00:00—04:00 F1 08:00—12:00 Ff Bt & A ph A8, X PiAN I
B I6 4 o4 1 5 U B KT LAt A B

#2 78 12 HRETRNEAEERREKF

Table 2 Temperature variation at different positions in each period of two poultry houses on 12 July C
46 £ EH X4 CH
fif 7] B¢ Period 188 XL S kS HOES PEE RS o0 HA4 T8 RN B AiEs PE EE o He
Ventilation strategy Whole house Front Middle Rear Ventilation strategy Whole house Front Middle Rear
4K Whole day IV+CV 1.6 2.0 1.6 1.5 16 1.7 IV+CV 22 3.1 2.0 21 20 24
00:00—04:00 v 0.4 0.8 0.5 02 05 05 v 0.5 1.1 0.6 0.5 04 07
04:00—08:00 v 0.6 0.9 0.7 06 0.7 0.6 v 0.9 1.5 1.2 09 10 1.0
08:00—12:00 v 0.8 0.8 0.9 1.0 07 09 Ccv 1.4 2.1 1.3 14 12 1.7
12:00—16:00 IV+CV 0.5 0.6 0.7 06 05 06 Ccv 0.8 1.0 1.3 08 0.7 08
16:00—20:00 Ccv 1.2 1.5 1.2 .1 12 1.2 Ccv 0.7 1.2 0.7 0.7 06 09
20:00—24:00 IV+CV 0.7 0.9 0.8 0.7 0.7 0.8 CV 0.9 0.9 1.2 1.1 09 1.0
e IV RIRIZIN A BCR A [ BGE X, CV RIRIZI [0 BER HESHE X, TVHCV KR EIZ I 18] B P 38 KU A A 0
Note: IV and CV stand for intermittent ventilation and continuous ventilation, respectively, IV+CV indicates that ventilation strategy changed during that time period. These
abbreviations have the same meaning in the following tables.
*3 78 12 BAEEFENBETARVERE KR
Table 3 Humidity variation at different positions in each period of two poultry houses on 12 July pp
454 EH Xt i CH
fit [l Bt Period I RS B R G £ = o H4 B S b5 IR G i S = ¢ 0 H4
Ventilation strategy Whole house Front Middle Rear Ventilation strategy Whole house Front Middle Rear
42K Whole day IV+CV 133 13.9 15.1 144 132 14.0 IV+CV 14.4 17.1 15.7 13.5 144 145
00:00—04:00 v 9.8 106 114 109 10.0 10.7 v 10.3 1.5 116 94 10.1 10.6
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Evaluating the intermittent ventilation of summer poultry house
in Northwest China
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Abstract: Heat stress has posed a significant threat to the laying hens inside the poultry houses in the Northwest region of
China. Significant non-uniformities can be found in the thermal distribution and temperature variations in summer. The
ventilation system has been the primary measure to regulate the thermal environment in the poultry houses. Excellent airflow
arrangement and ventilation strategies are essential for the ventilation efficiency. Still, the continuous operation of fans can
inevitably generate the excessive local cold air, thereby wasting the electrical energy for the high cost of environmental control.
Alternatively, intermittent ventilation can serve as an efficient way to improve ventilation effectiveness with energy saving.
However, it is notably limited to applying to the summer poultry houses so far. In this study, a novel intermittent ventilation
was introduced to alleviate the significant temperature fluctuations and ensure the high stability of the thermal environment in
the summer poultry houses. According to the internal air temperature, the fan operations were performed on the conventional
tunnel-ventilated poultry houses (control house, CH) and sidewall inlets poultry houses (experimental house, EH). Specifically,
the fans were regulated, when the temperature exceeded the upper limit. Once the temperature dropped below the lower limit
temperature, the fans were deactivated simultaneously, which was different from the continuous operations of fans throughout
the summer. The thermal environment was monitored in the operation periods of intermittent ventilation. The environmental
conditions inside the poultry houses were also evaluated. The results revealed that the average internal temperatures of
experimental and control poultry houses were 25.3 and 26.5 °C, respectively, under the same external environmental
temperatures; While the average relative humidity were 65.8% and 62.7%, respectively. The temperature fluctuations during
the EH and CH's intermittent and continuous ventilation were 0.6 and 0.7 °C, 1.2 and 1.0 °C, respectively. The maximal
difference of temperature in the horizontal direction of EH and CH were 0.3 and 5.2, 0.8 and 4.7 °C, respectively. Temperature
variations were assessed in the four-hour intervals. The EH consistently demonstrated more minor temperature fluctuations than
the CH when the fans were operated intermittently. The horizontal temperature difference was less than that in the continuous
operation in EH. There was no difference in pressure and air velocity under the intermittent and continuous ventilation in the
same number of fans. The pressure difference between the interior and the evaporative cooling pad buffer room increased from
17 to 19 Pa from the fan opposite wall to the fan. Average air velocity at the sidewall inlets and along the aisles in the EH were
3.30 and 0.49 m/s, respectively, which were higher by 1.86 and 0.12 m/s, compared with the CH. Therefore, the intermittent
ventilation was suitable for the sidewall inlets, to improve the thermal environment within the poultry house significantly.
There was great potential for widespread adoption in the Northwest region of China in the summer. The lifespan of the fan was
extended for the maximal economic benefits. The intermittent operation times of fans should be determined according to the
local climate, poultry houses’ ventilation requirements and the poultry houses’ size. This finding can provide a foundational
reference for designing and adjusting the intermittent ventilation in summer poultry houses in the Northwest region of China.
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