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Abstract To address the engineering requirements for ventilation optimization in tiered-cage meat duck houses
at different growth stages, computational fluid dynamics (CFD) was employed to establish four simplified duck
geometric models: One detailed model, one head-removed model, one torso model, and one ellipsoid model.
Systematic analysis was conducted to examine the differences and trends in resistance coefficients along the
length (XD, width (YD, and height (2) directions of the duck cage for duck models at different ages. Additionally,
the dynamic variations in the resistance characteristics of the duck activity area were investigated. The results

indicate that: 1) The level of simplification of the duck model has a significant impact on the resistance
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coefficients. The inertial resistance error between the detailed model and the headless model was the smallest,

with deviations of —15.7%, —13.1%, and 7. 1% in the X, Y, and Z directions, respectively, while the errors

for the other two models were larger, reaching a maximum of —44.4%. 2) During the growth process of the

ducks, as their body weight increased from 0. 19 to 2. 82 kg, the inertial and viscous resistance coefficients in

the X, Y, and Z directions significantly increased, and the increase was the most pronounced in the Z direction.

In conclusion, the resistance coefficients for ducks at different growth stages and the model simplification

methods proposed in this study can provide key parameter support for CFD ventilation simulations in tiered-cage

meat duck houses.

Keywords meat duck; tiered-cage raising; computational fluid dynamics; porous medium model; resistance

coefficient; growth stage
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O is the coordinate origin, located at the lower-left corner of the cage area. The X, Y, and Z axes correspond to the length, width, and height

directions of the cage. L1, L2, L3, L4, and L5 represent the five wind speed measurement lines within the cage area. Same as in Fig. 6.
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Fig. 1 Schematic diagram of virtual wind tunnel computational domain and wind speed measurement line location
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Fig. 4 Distribution of ducks in cages under two modes
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Fig. 5 Computational domain for the drag coefficient of the duck cage area in the X, Y, and Z directions
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Fig. 6 Comparison between simulated and measured wind speeds at measurement lines
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Fig. 7 Fitted formulas of wind speed and pressure drop for four simplified duck models in the X, Y, and Z directions



176 IS [ N SR S 2026 4F 55 31 %

SR KERBEZREBIEER . TLE B0
B Y s % I R A 38 n i 3 K, 9 BLAFE IRl — 7 1n)
e, BSR4 R R A BN K RE R AR A 22 R
DLKS A AR Sk 2 25 B RY RS 4 A5 0 15 0 Sk A 2
V) B4 AE X R 25 76 X Ol o —15. 3%~ —11. 2%,
Y N —12.1%~—9.4%,Z )7 16~ 0.6%~
4.8%0 . K AR R 55 4K R Y 2 ) B RE R R 25 AE X
Jromob o — 37.6%~ — 29.2%, Y N
—36.3%~—28.9%,Z 1N 0.7%~6.3%. ¥
21 AT D K M R A R 2 [B] A AH X R 25 HE X O A Bl
—34.2%~—40.9%,Y J a2 —33.1%~—43.6% ,
ZI5 N 16.8%~25.3% . #AKE KAl #L 5 O
S A5 [B] B KB R R AE XL Y L Z 34N T 1) L A X
R 22 /0N, 55 BB Y 2 ] A A O R 2% A R, 3X AT
ABJZ H T 76 X Y J7 ) b, 4K T 15 30 DL R A R A5 750 AH
A 2 PRI T DA B KR, KT XA
TS AR R RFE XY J7 [ 3% R 5 5% 1 B/ | T
A0 3R A 7 2 T R A K TS TR N O L R
ANSTFE ZJ7 ), T 4 RS 8 R B — 350, A Bk A 78
FHAEF A 3 R BYAE Z J7 1) b () 52 AR K, &

SRR B S AR A o 3 5 T R 4 K
2.2.2 P RBEA FACA A R R Y

4 Fofop R AR A ) 7 1) B BHL T 2R RS B v
BH 7 R B 20 LIRS 4B BUAE Sy 2 25 B0 RS 4
Y 5 TG Sk A AR 2 ) 15T B Ty AR R 25 7E XY
ZH W Ll —15.7% . —13. 1% .7. 1% , &L
TR R 22 X Y Z 05 BB —14.9% .
0.6% .—36.8% . M 4155 A1 5 4K 145 Y 2 (1] 158 ¢
BEL T A AR X IR 2206 XY Z 7 1) B4y 5ok —37.9% |
—36.7% .8.8% , FiMEBH I AR IR ZAE XY . Z U7
] B 5 —30.2% . —30.7% . —38.0% . %54l
TR 5 A R ABE AR 2 i) 1B L 7 AR X R 25 HE XY
ZI5m By Bl —41.3% . —44.4% .23. 7%, Bt
BEL AT AR IR 2506 X Y Z 07 1) B4y 3ok —34.1%
—34.6% .—8.8%. MMMH AR IREE2.2.1
rh B K R R R R A — S0, (R P BH T R BRO(E T
R (3R 2) 58 KU AE AR A (O TR AT, — 1k
Tt R BH 7 72 80 R B A K RE R R 1) BT RO /) T
TR CIE BE T FR B0 | i B B R
115 Hr .

K2 AMEBUBRRBAX, YMZAEEHNRERADRE(C)INFHER N RE(UK)

Table 2 Inertial resistance coefficients(C) and viscous resistance coefficients(1/K) in the X, Y,

and Z directions for four simplified duck models
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Fig. 8 Wind speed distribution contour maps of four simplified duck models on the plane of Z=270 mm and X=5 400 mm
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Table 3 The inertial resistance coefficient (C) and viscous resistance coefficient (1/K) of ducks at

different day-old in the X, Y, and Z directions.

H i X Y Z
Day-old C/m'  (A/K)/m? C/m' (A/K)/m? C/m' (1/K)/m*
7 Hi#% 7-day-old 0.3521 3292.96 0.374 2 4130.47  0.5002 6 656. 62
14 H % 14-day-old 0.3577 4153.03 0.3289 3503.67  0.9796 6 028.06
21 Hi% 21-day-old ~ 0.4802 4 970. 36 0.527 2 4450.75  2.1522 6914.11
28 H % 28-day-old  0.7955 5277. 37 0.750 9 6028.70  4.4218  11645.38
35 H i 35-day-old 1.160 8 6078.11 1.044 2 7357.66  8.5231 46 954.93
_ 5o

—a— 1=0.2912:?+0.0794x
—e— =0.2958+*+0.1001x
L % 3=0.3971.:7+0.1198x
—v— y=0.6578x>+0.1272x
—— y=0.8918+0.1715x
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Fig. 9 Fitted formulas of wind speed and pressure drop for ducks of different days of age in the X, Y, and Z directions
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