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Simulation and optimization of hot and humid environment

in winter house-type cowshed based on CFD

Li Jianli"*, Cheng Xue"?, Wang Juan'?
(1. College of Mechanical and Electrical Engineering, Hebei Agricultural University, Baoding, 071001, China;
2. Hebei Key Laboratory Intelligent Equipment and New Energy Ulilization of Livestock and Poultry Breeding ,
Baoding, 071001, China)

Abstract: In order to study the distribution law of wind speed, temperature and relative humidity field of the house-type
cowshed in the cold region of north China, the computational fluid dynamics (CFD) method is used to simulate the wind
speed, temperature and relative humidity of a house-type cowshed in Chengde, Hebei Province in winter. The simulation
results show that under the natural ventilation mode, the wind speed in the passageway is 0. 5—1. 60 m/s, the wind speed in
the cattle movement area is basically between 0—0.4 m/s, and the wind speed in most areas is below 0.1 m/s, and the air
distribution in the cowshed is not uniform. The average temperature in the cowshed is about 10. 7 °C, and the relative humidity
in the cattle movement area is basically kept 50% —60%. Under the condition that the existing structure of the cowshed
remains unchanged, the position and number of the ventilation vents in the cowshed are improved. After the optimization of
the ventilation scheme, the wind speed in the cattle barn is 0. 1—0. 6 m/s, and there is basically no dead angle of ventilation.
The normalized mean square error (NMSE) values of the measured and simulated values are both less than 0. 25, indicating
that the field measurement has a good agreement with the numerical simulation. This study can provide useful reference for
environmental assessment and ventilation scheme optimization of house-type cowsheds in cold regions of northern China.

Keywords: CFD; house-type cowshed; hot and humid environment; numerical simulation; ventilation optimization
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Fig. 1 Experimental cowshed
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Fig. 2 Distribution map of measuring points in the cowshed
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Fig. 4 Computational domain grid
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Fig. 5 Cloud map of wind speed distribution at different heights
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Fig. 6 Cloud map of temperature distribution at different heights
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Fig. 9 Comparison of simulated and measured wind speed,
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Fig. 10 Improved solution calculation domain diagram
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Fig. 11 Wind speed distribution cloud map before and after
improvement of cowshed
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after improvement of cowshed

6 it

-

1) A4 VNI L BE FRE G T B 2 00 XU 2 B0
O, RUHURE G, T R RIS, AE X R R AL . LA R
FE T < F AU AR X (0 PR 38 X [ AR XU e KU i
T A XU 7E 0. 5~1. 60 m/s Z [8] , & H i 3l X 38 19 K
AR AR FRAE 0~0.4 m/s Z 8], K HB 43 X I8 XU 7
0.1m/sPAF, &WNWAMAYL . &N
T BETE 10,7 “CAEAT , A HE 2l DX AR X 8 BE B AR £
FELE 50%0~60% Z ] o %4 fE A& R0 25 ] 25 4 3¢
Ry R KU DT, AR NI 2R NS Bl X T
I RAE X P B AR ] DL R IE 2 HAE A FE X A 4
IR 3 JRURT R 12 1) 7 2K o

2) CFD 4045 3 09 BUE 5 55 br il £ 15 3] 19 80|
H B 423, NMSE i3 /N F 0. 25, 76 1l DL 42 32 19 35 [
L 10 B B3 S I 5 B AU B A W) B

3) LAk W R JE R A N R RGETE 0. 1~
0.6 m/sZ[a], 2ok im Xy 2 4 S8 CFD BUAS B Y
DAL 2 1K DO BT - e ol R 3 N (TR 1 W W T B
RIEA AR T I baid A5 58 B0z gE al 2k vh G 5 9 1
Py iy 3 RS U PEA A WO B i 2% |

& £ x W

(1] e kyr, Eesie, R, % F8 58U REN-FE

WERI[T]. gl TR, 2021, 37(7): 68—75.
Long Changjiang, Tan Hequn, Zhu Ming, et al.
Development of mobile intelligent monitoring platform for
livestock and poultry house [J]. Transactions of the Chinese
Society of Agricultural Engineering, 2021, 37(7): 68—75.

[ 2 ] Burchill W, Reville F, Misselbrook T H, et al. Ammonia
emissions and mitigation from a concrete yard used by
cattle [J]. Biosystems Engineering, 2019, 184: 181—189.

[ 3] Zhou B, Wang X, Mondaca M R, et al. Assessment of

https://www.cnki.net

optimal airflow  baffle locations and angles in
mechanically-ventilated dairy houses using computational
fluid dynamics [J].
Agriculture, 2019, 165: 104930.

[ 4] 5k, EWMH, Zaw] . 45 R EREE ) A4 2f 7= i et
W PIRT A HERE [T]. KA A4, 2018, 39(2): 6—11.

Zhang Man, Wang Xiangyang, Y1 Jianming. Research

Computers and Electronics in

progress of barn microclimate on dairy cow production and
health [J]. Journal of Domestic Animal Ecology, 2018, 39
(2): 6—11.

Pakari A, Ghani S. Comparison of different mechanical

—
wl
[a—

ventilation systems for dairy cow barns: CFD simulations
and field measurements [J]. Computers and Electronics in
Agriculture, 2021, 186: 106207.
SHER] . kT CFD 1y Bk 2= 808 A 36 3% 37 Al 5 1 1k #F
FE[D]. B - #ITLRE, 2021.
[ 7] Tong X, Hong S, Zhao L. CFD modelling of airflow

[ 6

[

pattern and thermal environment in a commercial
manure-belt layer house with tunnel ventilation [J].
Biosystems Engineering, 2019, 178: 275—293.

[ 8] FEEN, ML, A . FE0% M X Y525 & & R R
RS HTLT] B, 2019(7) : 62—63.

[ 9] PhE, VRN, Z2HE, 55 . JLr ARZE B A 4 & & BRI
RGBT FELT]. IR BB B, 2018(24) : 46—49.

[10] Cheng X, LiD, Shao L, et al. A virtual sensor simulation

—

system of a flower greenhouse coupled with a new
temperature microclimate model using three-dimensional
CFD [J]. Computers and Electronics in Agriculture,
2021, 181: 105934.

[11] 252, BRIk, HhoRE . X0 8 2 23 2 R XU F) et £ o 245 £y
,EL'E.:‘ME[ 1. Ma‘ﬁr&mmf&m, 2006(2): 19—21.

[12] Tabase R K, Van Linden V, Bagci O, et al. CFD

[

simulation of airflows and ammonia emissions in a pig
compartment with underfloor air distribution system: Model
validation at different ventilation rates [J]. Computers and
Electronics in Agriculture, 2020, 171: 105297.

[13] Coulombe F, Rousse D R, Paradis P. CFD simulations to
improve air distribution inside cold climate broiler houses
involving heat exchangers [J]. Biosystems Engineering,
2020, 198: 105—118.

[14] Drewry J L, Choi C Y, Powell J M, et al. Computational
model of methane and ammonia emissions f{rom dairy
barns: Development and validation [J]. Computers and
Electronics in Agriculture, 2018, 149(S1): 80—89.

[15] Wang X, Bjerg B'S, Zhang G. Design-oriented modelling
on cooling performance of the earth-air heat exchanger for
livestock housing [J].
Agriculture, 2018, 152: 51—58.

Computers and Electronics in

(4% 81 7)



%10 M

W & S SN B s b AE B AL 5 81

[ 4] BEM, 0, T307, 8. ZIReA RS HALTY 6 e
M EARWFFRLT]. ERLE2EH, 2013, 34(6): 211—215.
Xiao Hongru, Mei Song, Ding Wenqin, et al. Research
on the technology of energy-saving and efficient operation
of multi-function tea farm manager [J]. Journal of Chinese
Agricultural Mechanization, 2013, 34(6): 211—215.

[5] EPE. SEAEIHEMRMAEMRIFID]. Mat: K
Ak K2, 2010.

[ 6] kAL 25 . BB 1l XA el 4 BRALAS - & il (D], =
PK: PR R, 2020,

(77 ¥l Jaa = B 2 el 4 PR ML B A7 B R 4 ik
THID]. BT VIR K%, 2016.

(8RR, HUIHE, HIb . 3ZFC—40 B %€ [l HF AL 9 BF
WL, Aer=@f N, 2015(11): 52—54, 58.

[ 9] 258, B/, &0k, 5. T RE8 T8 J] it 5 1
B LT). Wil 4, 2021, 33(7): 1320—1328.

[10] ®hay, HEM, Rk, 4. 3 E A8 = LWL AE A BT
FUIT. HEAR BT, 2016, 18(3): 74—81.
Han Yu, Xiao Hongru, Song Zhiyu, et al. Research on
mechanization technology mode of tea plantation and
management [J]. Journal of Agricultural Science and
Technology, 2016, 18(3): 74—81.

(110 sRiEm, PREE, BRIET, &5 . S REIFWEIEE LAl
Bt S [T]. P ER LA, 2022, 43(3): 28— 35.
Zhang Haipeng, Lin Cong, Chen Lingxiao, et al. Design

and analysis of an integrated machine for trenching,

fertilizing and mulching in tea plantations [J]. Journal of
Chinese Agricultural Mechanization, 2022, 43 (3)
28—35.

[12] skJchi, 25758, A, 5. 1GSZ— 350 B KAERERFIE A4 it
PGB SR, Felk TR, 2009, 25(5): 73—77.
Zhang Xinyue, Li Lianhao, Wang Chun, et al. Design and
test of 1GSZ—350 stubble-breaking and rotary tilling
combined cultivating machine [J]. Transactions of the
Chinese Society of Agricultural Engineering, 2009, 25
(5): 73—177.

(131 BR/NAR . o 2205 FF B0 B D AR 4G 0 3R R 1800 5 388 B
FELD ). W fE Al Ry, 2014.

[14] 2548 R HeF M. bt P ERL 1 AL, 2003.

[15] =53, LR HUMBTTF MM ], deat: thERE R E
AR, 2007.

[16] BRT, skJH, LI, . 2T ADAMS BE#H ) TAES 4
otk 2 ANSYS fif 5Lor 7 [T, SR BHE , 2018(2)
167—170.

[17] RHE5E . H&T SPH LB BB HUBERE 7T A7 BR 5T 05 215 1
fe[D]. FK: PR KR, 2012.

(18] TOMER, EMAe, itd . I S Redt JI 1k sk 43 b S ) 1
HE ARG [T]. Bl R E2 i, 2001(1): 113—117.
Ding Weimin, Wang Yaohua, Peng Songzhi. Comparison
experiment and property analysis of up-cut and down-cut
rotary blades [J].
University, 2001(1): 113—117.

Journal of Nanjing Agricultural

r [ %71 Y

(E#% 757)

[16] AA0E, MiiE Ay, 20RB, 45 iz 1A ds U2 4 28 U0
Y CFDESULT]. b TR %4, 2014, 30(6): 139—146.
Deng Shuhui, Shi Zhengxiang, Li Baoming, et al. CFD
simulation of airflow distribution in low profile cross
ventilated dairy cattle barn [J]. Transactions of the
Chinese Society of Agricultural Engineering, 2014, 30
(6): 139—146.

[17] Bovo M, Santolini E, Barbaresi A, et al. Assessment of
geometrical and seasonal effects on the natural ventilation
of a pig barn using CFD simulations [J]. Computers and
Electronics in Agriculture, 2022, 193: 106652.

[18] Babadi K A, Khorasanizadeh H, Aghaei A. CFD
modeling of air flow, humidity, CO, and NH; distributions
in a caged laying hen house with tunnel ventilation
system [J]. Computers and Electronics in Agriculture,
2022, 193: 106677.

[19] FhAR IR . ™ 28 b DX g 2 i 2 i 200l MR G 4 &2 45 7 6
B5E[D]. KB BT A —REK¥, 2021.

[20] b3 4l . AL 3% 4% 37 38 XU R g8 U0 Ak B2 31 15 20 fR R 480 B
FELD]. FBIN - HSM K24, 2017,

[21] BR3Ch, s, sk, 45 . duJy RS & A 9858 XU 5

https://www.cnki.net

TERILT]. 2R RN, 2010, 38(13): 6673—6676.
Chen Wenjuan, Dong Runjian, Zhou Haizhu, et al.
Numerical simulation of natural ventilation in northern civil
pig house [J]. Journal of Anhui Agricultural Sciences,
2010, 38(13): 6673—6676.

[22] 2= J1 4% . T CFD W44 & A 4h 35 B8 25 <50k 52 0L O
FELD]. HUM : WL R, 2017.

(23] WETT 3, TT %, HEMIE, & RESLFRRRKES

WOREY) CED LU 5T [T]. Al AR =4, 2017, 48(9) -
270—278.
Wang Kaiying, Li Kaitai, Li Wanglinjuan, et al. CFD
simulation of indoor hygrothermal environment and particle
matter of weaned pig building [J]. Transactions of the
Chinese Society for Agricultural Machinery, 2017, 48(9) :
270—278.

[24] BT, TR, MEIER . 525 PR B 8 DOT I &
ZAFPGRIGELT] A TR, 2018, 34(21): 215—221.
Zhao Wanying, Zhang Qi, Shi Zhengxiang. Complex
insulation shutter improving winter thermal and humidity
environment of open-ended cowshed in cold region [J].
Transactions of the Chinese Society of Agricultural
Engineering, 2018, 34(21): 215—221.



