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Fig.1 Schematic of test poultry house
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Fig.2 Actual photographs and schematic of the inlet opening angle
AN A S AR XGE Y 1.5~3.0 mys!™, 45433k XU AR
Jadl R R, g LI A KL 14 & o e A XL
124, FE 1800 W, HiE K& 47800 m*/h; A2 47 KL
24, WFEISOW, iR E 23300m’h. & P KL
JE B A NIRES BARRE 2 ke, woEdt 10 MaE
G G G 1l KRG i A e 22— R PR R AE
10~30 Pa, ] A& K 43 45 A< 7% SR VO IRt
1~10 3£ 10 M8 XA, 3RO TF ) AR IXCA 100,
15°. 20°. 30°, 36°. 42°. 50°. 60°. 80°. 90°, ki it
e, DRI ) A AMEE TN (—1.443.7) °C, AEXHE
FER 37.3%%£12.7%, &HMFRIAEN (0.8+0.8) m/s,
WFERE N (2.81.3) C, FHXHEE N 53.1%+16.8%.
RTEATF AR, 4817 3 6 a4 & RWLET, TEAN AR
I8 A B R & WANE Z 350K T 70 Pa, A &2 420
FIRTHE:; WigfT 1 G2 & XHLE T &s/NEREH, <
T AME LATE F G B B 9 o Ay e A 2 Ve 5 S R T TR RS
R a g OKZ. KES EREEm, RERHEE S
EWBAT, 3F REPIEAT 3 GEk 4 & RHLI T E T E

Ko WHLECE AL E VL 3 N

b. JT A R
b. Inlet openning angle & (°)

a. BERUT 540
a. Actual inlet photographs

@OLOO®
®0000EOO®

b. AR R
b. Schematic of the ventilation level settings
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Note: The numbers inside the circular frames are fan serial numbers. When fans
No. @, @ and @) are activated synchronously; when fans No. ®, @, ®and @
are activated synchronously; This correspondence rule shall be followed for all
other ventilation levels.
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Fig.3 Ventilation level and fan position
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Note: Inlets on the two side walls of the poultry house are symmetrically
arranged along the long axis of the house. The front section of both side walls at
the fan-free end forms the front inlet zone, which is equipped with 40 inlets in
total. Numbers 1 to 6 represent the test positions.
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Fig.4 Location of the environmental sensors
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a. Computational domain of the poultry house
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b. Mesh distribution for the fan area
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Fig.5 Computational domain and partial mesh distribution of the
poultry house
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Table 1  Grid independence test sheet
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Case Mesh size¢/m Number of mesh Relative error between adjacent case/%
TH1 0.10 23529 654 0
T2 0.15 10531220 5.6
T3 0.20 5161257 8.1
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Note: x represents the distance from the end wall without the fan.
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Fig.6 Cross-sectional schematic diagram of poultry house
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Fig.7 Effects of 6 of front inlets on static pressure difference
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Fig.8 Effects of 4 of front inlets on the air velocity in the caged-
hen occupied zone
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Table 2  Air velocity nonuniformity coefficient (Z,) of air velocity

in the caged-hen occupied zone under different front inlet
ESOBEY
Nonuniformity coefficient

20°  30° 40° 50° 60° 70° 80°  90°

3f 095 0.82 050 036 037 024 035 032

46 / 0.75 0.53 036 033 030 028 0.26
E: AT 7 ARERIZ LR TR
Note:"/" indicates that this operating condition was not tested in this study.
22 EWSR CFD EHIER
2.2.1 HSVS %% CFD A2 Bk

BT SBE AL, W€ T HSVS XS & S s & i il
PR oL 1847 3 & KL, | DXk X E JF JS A B
70°. X 200, BSIREON 0.24; BAT 4 B XL,
i DCHE TR A 90, X 30°, B8 RE0N 0.26.
AHIE SR 4 CHE KU A B 200 (3 & XL L 30° (4 &
KAL) BOARTHRZE, iR E Lt A B L oA 4.,
FARBER I FEBE IR 3 .

®3 BE/UTRAEHERNOMERE

KHLiE4T#

Operational fans

Table 3 Inlet opening angle setting for geometric model of
poultry house (©)
il DX T /3 A1 THIX I A JE X IR A
XL Opening angle of the Opening angle of the Opening angle of the
BT front inlet middle inlet rear inlet
Operational X4 AL xffEZE fR4LAE wWRA (A

fans Control Optimized Control Optimized Control Optimized
group group group group group group

3G 20 70 20 20 20 20
45 30 90 30 30 30 30

B GE AL R A E (B4 Blehx, v 2=
HE AL FR K HA N B Fluent 1y, @i CFD-POST #4741
PEAL PR, FRIEZIE{E (velocity magnitude) #i#f, Bl
AT FRAFALN T S 20 1 KU AE . RS 56 5 A 2 1) T
P, B RGESLME S CFD BRME AT T, 458
K9 fs.
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Optimizing flow field uniformity in poultry houses with a holistic sidewall
ventilation system

PENG Haiging***, LI Fuwei"** , LI Dapeng"®* , WANG Yang**® , LI Hao"*® ,
ZHENG Weichao*>® , LI Baoming™>®*

(1. Poultry Institute, Shandong Academy of Agricultural Science, Jinan 250100, China; 2. Shandong Provincial Key Laboratory of
Livestock and Poultry Breeding, Jinan 250100, China; 3. Jinan Key Laboratory of Poultry Germplasm Resources Innovation and Healthy
Breeding, Jinan 250100, China; 4. College of Water Resources and Intelligence Engineering, China Agricultural University, Beijing
100083, China; 5. Key Laboratory of Agricultural Engineering in Structure and Environment, Ministry of Agriculture and Rural Affairs,
Beijing 100083, China; 6. Beijing Engineering Research Center for Livestock and Poultry Healthy Environment, Beijing 100083, China)

Abstract: Holistic sidewall ventilation system (HSVS) is characterized by uniform temperature distribution in the poultry
house. Yet two challenges remain: low air velocity at the front cross-section and suboptimal positions of recirculation zones in
large-scale facilities. The airflow field is governed by the configuration and regulation of air inlets. In this study, the airflow
distribution was optimized to enhance overall ventilation performance in HSVS poultry houses. The opening angles of local
front inlets were also adjusted using field measurements and numerical simulations. A systematic analysis was implemented to
explore the effects of inlet angles on the airflow field. A full-scale HSVS poultry house was selected as the research object,
where 118 sidewall air inlets were divided into front, middle, and rear segments (40, 40, and 38 inlets, respectively). Two
ventilation scenarios (with 3 and 4 operational fans) were evaluated, wherein the opening angles of the front inlets were
adjusted within the range of 10° to 90°, whereas the middle and rear air inlets were kept at fixed angles to match the ventilation
scenarios. Air velocity and pressure difference were continuously measured at 6 sensor points in the laying hen activity zone (1.5 m
above the ground). Computational fluid dynamics (CFD) incorporated with the Reynolds-averaged Navier-Stokes (RNG) k-¢
turbulence model was adopted to simulate the airflow field. The air velocity non-uniformity coefficient was employed as the
evaluation metric to quantify the uniformity of airflow distribution. The results showed that different ventilation scenarios
displayed an identical variation trend. The opening angle of the front air inlets reduced the static pressure difference between
the inlets and the outdoors, while preserving a uniform distribution of pressure difference. The average pressure difference in
the middle section of the poultry house was higher than that at the front end, with an average difference of (1.7+0.2) Pa. This
discrepancy was also independent of both the inlet opening angle and the ventilation scenario. Meanwhile, air velocity
increased with an increase in the opening angle of the front air inlets, indicating a negative correlation with pressure difference.
Under the scenario with 3 operational fans, the maximum average air velocity in the front and middle segments reached
(0.18+0.02) m/s (at 70°) and (0.30+0.06) m/s (at 90°), respectively; Under the scenario with 4 operational fans, these values
were (0.25+£0.04) m/s (at 90°) and (0.38+0.06) m/s (at 90°), respectively. Furthermore, the front inlet opening angle was
adjusted to alleviate inadequate ventilation in the front section of the house, indicating a moderate improvement in air velocity
in the middle section. The air velocity non-uniformity coefficient decreased consistently, as the inlet angle increased, thus
dropping to below 0.30 at the angle of 70° or larger (0.24 for 3 fans and 0.30 for 4 fans at 70°). Subsequently, two optimal
operating conditions were selected for further CFD simulation analysis. CFD simulation results showed that the front inlet
angles enhanced the overall indoor air velocity, where the average air velocity at the front cross-section increased by 0.10 m/s.
The optimal inlet angles effectively mitigated front ventilation dead zones for the airflow uniformity, indicating less
unfavorable recirculation zones. The opening angle of the front air inlets was adjusted to 70° or larger for the weak ventilation
zone at the front of HSVS poultry houses, indicating indoor airflow uniformity. Zoning regulation of air inlet angles can offer a
cost-effective and efficient solution to enhance the ventilation performance of HSVS poultry houses. The finding can provide
the theoretical basis and technical support for environmental control optimization in large-scale poultry houses. Future research
can be expected to integrate the heat and mass exchange between hens and the environment in smart agriculture.
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