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Numerical simulation of curtain barn’s low-wall affecting the
surface temperature of internal clearance channel

WU Hanping''?, SHI Zhengxiang'?* , YUAN Xiaoyan'?
(1. Key Laboratory of Agricultural Engineering in Structure and Environment, China Agricultural University, Beijing 100083, China;
2. The Livestock and Poultry Healthy Aguaculture Environmental Engineering Technology Research Center,

China Agricultural University, Beijing 100083, China)

Abstract Aiming at the problems cause by the frozen ground of curtain cowshed in winter at the Northwest of China,i.
e. cows walking-impaired, skidding, and kneeling, damage of cows hoof and nipples, and un-normal operation of
mechanical scraping manure systems affecting barn environment and other issues. adopts Computational Fluid Dynamics
method was adopted in this study, Simulations of the three distribution of ground temperature fields in cowshed with
different low-wall were conducted,and the results were in a good agreement with field test. The results showed that the
height of the wall and external wall insulation had great influence on the ground temperature field which close to low-
wall. 1) The influent degree of low wall height on the ground temperature is greater than the wall heat preservation
measures of application. When low wall height was increased from 0.5 m to 1.5 m, within 2 m of the low-wall, ground
temperature was increased by 1.0 C ;2) The low-wall height and wall insulation displayed interaction effect,and the
ground temperature of 1.2 m height low-wall with exterior insulation was same with 1.4 m height low-wall without
exterior insulation. In conclusion, considering the low altitude. the ventilated thermal insulation layer of summer, the
influence of the construction cost, 1.2 m height low-wall with external insulation design was recommended.

Keywords curtain barn; the ground temperature simulation; low-wall design; model validation

AR B A SR E P DO R RIS Vb A SRR S N LR X R A B B
N R ik A T O R AR AR B ARV A R B F A 8 AT By R AR b R B

Wk B . 2016-06-03

FATH . AR W) 7=l 4 A FR B 05 4 9 B (CARS-37) 5 2 28 MEAT M CR k) % 351 (201303091)
—MEH . RV HFSAE L E-mail : 18510250904@163. com

BHAEE . HIES. A8 . LA, FENEFERETZ S5 A B E-mail: shizhx@cau. edu. cn



152 hoE kR R R R 2017 4 % 22 %

BB MEY . AR OOR & B S B e ORI R X LL LR, AR 5 R BT
T —E ORI B P AR BTt R T IR S A W) it 7 8 19 CFD B 4ULAE 5T
— e L R PR R BE I SR AR 2 U R O H b 22 5 T 70 T 6% Sk 1R JBE R A DRl T 5 30 e 3 11 T 20 1
BRI OR O . A R e IR R A E R, TR R I B0 AR B - LAY O P b DX A 1 A
HUBCER BE W T ANARAE T 5 S 2R A . WY IR RR R RO R IR S
BT BG5S oo 2 2 S B s R P A M) i N
FEE 00 ik L E O AR o 2 B A 45 I BIETR R
ey J2 LR T A e I AR i 2 A i R o A ABIFFERT T BBV BT L HOR AE 12 S
5 R (E P i3 S N oo (S R o o1 7% 8 e I IS e = 6ol (S8 L6 o ) R E N 1R [ AR (N E S Sy
R T AR ANl e % A& M M B 51 SRR — B R TR A5 R EL R SR LR IR 47 i 355 1
A 1 T A L A OG5 L2 JEREEEA T 300~400 mm, 1 400~1 400 mm, A
P b DX A7 A4 4 & = A 00 R ik 10 1 2 E I 22 PN [ T it v 2 0 B MDA X <8 PR T 216 1 s T
WAL B T 25K BRI IR G TR IR AR L. IRERYRE A AR B AR SR IR 3 R L ]I 500,
HERWI R AL PR LR il . M S vkie 2 1200 F1 1 400 mm, %4 i BE A JC AR IE2 Fh AL
Wi WA A 7 M i S AR A0 L s W AR B A AR 7 Xk 6 AR A (R 1) Bl M TR EE 3 0 A EA T IR

X1 AHRBEHIZITIR

Table 1 Lowwall design conditions in this study

AR TH 1 TH 2 T& 3 T84 TH5 TH 6
Wall feature Condition 1 Condition 2 Condition 3 Condition 4 Condition 5 Condition 6
5 B /mm Height 500 500 1200 1 200 1 400 1 400
" . R JE & 370 $k AR JEE 370 i {4 JEEJEE 370
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PRI 10 PRI EE 10 PRI R 10
PR T % EERiiki % AR % ER ki
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Fig. 1 Sectional view of the test barn
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Fig. 2 3-D numerical model of rolling barn
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Fig. 3 Grid graph of the model
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Table 2 Parameters of wall boundary material

B T 2 ) AR ik %/ (kg/m*) R/ C
Wall boundary category (W/m = K (J/ (kg » K2 Density Temperature
Thermal conductivity — Specific heat capacity

4k Cow body surface 0.464 3 500. 00 1100 32.5
JZ2 1 Roof 0.793 0.75 150 0.3
#%5 Curtain 1. 830 1. 51 1 020 —9.9
A FibR Cow bed 0. 060 2 010.00 120 3.5
TAMEE 1 Feed passage 1. 740 920. 00 2 500 1.5
KB iHE Feeding channel 1. 740 920. 00 2 500 1.1
AN Jof# 1 Non-thermal insulation 2.054 0.83 1 800 —3.7
Wall A £ Thermal insulation 0. 580 1.52 700 —3.7
2= Inside of cowshed 0.024 1. 00 1290 0

441 Outside of cowshed 0.024 1. 00 1 290 —15.0

2.5 HEPHER

FERY iR 8 A AL T OGRS X 6 B T
(R 1) by T IR B 37 3 A AT B AU 43 B 45 SR DL 4
AT ULE S 7E S AN IR B S — 15 “C i, BB 8% v B B R
Tk Ak L 55 45, 5 5 M) S ST 6 S5k ) e TR O L LB S
R (2 m Y8 D S T Ml T I B Y 5 e R 3G
62 ik v R Xt TELD VR 85 1140 52 o A kg Y I X4 R ek v

1.0

0.5

TRJE/°C Temperature

Condition 5
1 )

'5 1 1 1 1
0.5 1.0 1.5 2.0 2.5 3.0 3.5
[ B RRY A #E 25 /m Distance to low—wall

KF) 1.5 mJiF A P b R B R A AT gEREAE 0 C LU
LB 0.5 m BB A MR R R m A 1 C,
R 28 o PR TR AL B RS M T T Y TR R A TR o B R 4
PRIBAL I T 29885 0.5 °C. 78 6 Fh Tl T8
3.4.6 SRS M T SEA R G5 UK, P B R
235 W) 258 XTI I 15 AR o MO R R 4
wrl. 2 mo M AME R AL B BT T R A B

1.0

g 05

=

20 T 2
E Condition 2
o 05 Th 4
@ Condition 4
= - 1.0 —A— TH6

Condition 6
1 1 1 1 J

5 .
0.5 1.0 1.5 2.0 2.5 3.0 3.5
JH B ERS A BE 5 /m Distance to low—wall

B4 ZELRE(Q)MERE(D) FREIAMEEENS S

Fig. 4 Distribution of ground temperature under low-wall with insulation (a) and without insulation (b)
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Fig. 5 Point spacing of the curtain barn
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