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Numerical simulation of soybean leaf deformation based on bidirectional
fluid structure coupling model

Hu Jun"” Yang Weihui' Liu Changxi'* Shi Hang' Sun Hao'

(1. College of Engineering, Heilongjiang Bayi Agricultural University, Daging 163319, Heilongjiang Province, China;
2. Key Laboratory of Soybean Mechanized Production, Ministry of Agriculture and Rural Affairs,
Dagqing 163319, Heilongjiang Province, China)

Abstract: To reveal the dynamic deformation mechanism of soybean branches and leaves under the
influence of an air curtain, this study determined the mechanical parameters of soybean tissues and
established a bidirectional fluid-structure interaction (FSI) model. The model was validated using high-
speed photography experiments. Subsequently, orthogonal experiments were conducted, considering air-
flow velocity, airflow angle, and initial leaf inclination as key factors, to establish a regression predic-
tion model for leaf deformation. The results indicate that the elastic modulus of soybean branches
(169.8 MPa) is significantly higher than that of the leaves (43.2 MPa) during the initial flowering stage.
Under wind loading, the branches remained relatively stationary while the leaves exhibited characteris-
tic bending along the primary veins. The maximum relative error between the bidirectional FSI simula-
tion and experimental measurements was 9.36%, confirming the model’ s validity. Regression analysis
demonstrated that the factors influencing leaf tip and leaf centroid displacement, in descending order of
significance, are airflow velocity, airflow angle, and initial inclination. The regression models exhibited

a high degree of fit, with mean absolute percentage errors of 10.50% for leaf tip displacement and
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9.49% for leaf centroid displacement when predicted values were compared with simulated data. This

research lays a critical theoretical basis for optimizing the operating parameters of air-curtain sprayers

and enhancing the pesticide application efficiency for field crops.

Key words: initial flowering stage; soybean; air-assisted boom sprayer; leaf deformation; bidirectional

fluid-structure interaction model; computational fluid dynamics
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Fig. 2 Validation test diagram of bidirectional fluid-structure

interaction model for soybean branch and leaf deformation
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Fig. 3 Validation of a two-way fluid-structure interaction model for soybean branch and leaf deformation

2.3 MHEMOERENIRTHEN DR
231 WPEAEAZES LI EFHEE

via.Bof VBT O AR T S 1Y) 5 0 I
F(P<0.05) , T v, v Al o2 % T T 00 AR TE 4 1 5%
TR N2 A vty e (1= B7a p v =2 L) AT | LS | 7
[ )9 B8 DC = 6.572 - 20.712v + 1.1940 -

1.0558 + 0.053va + 0.195v8 — 0.0020 + 3.543v> —
0.007a* + 0.0174%, 1% IRl B I 24k 5 (P<0.001) ,
HARPIITUR  3 , 2B (R BRI B i e T 2 0 1)
ARTE B R (F62) o AR F1H ) 2 2 H00mT B A<k
JE R BE R R A AR 3 DR A T 0 AR
T i SRR/



150 iR 7/ A Sl 4 53 %

F1 FESHAETAEM R HER OIS BRARBERNREE  FEERRE
Table 1 Experimental, simulated values, and errors of deformation at soybean leaf tips, blade surface centroid, and branch

terminals under different parameter combinations

ZH4 & Parameter combination I {H Test value {f7 B AH Simulation value S

32w fo > o 71N A Saly 7IN 7R Sl S
AR UM M RRIRERRE e MEIEL aRoRE iR ML BN ppor

Airflow Airflow Initial blade Leaf Blade surface Branch Leaftip/ Blade surface Branch yq0n00000
velocity/(m/s) angle/(°)  inclination/(°) tip/mm centroid/mm end/mm mm centroid/mm  end/mm

2.0 30 0 20.3 10.8 3.6 18.4 10.1 3.5 9.36

3.0 60 10 56.2 29.3 6.6 54.2 28.1 6.8 4.10

4.0 90 20 93.5 45.8 134 92.6 46.9 12.9 3.37
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0.05) , 1M aff v 1 B2 X5f AR T 5t (4 5% W) A b 25
2 220U NH 43 B , A5 B 2R I fE [ JH B AL
DT = 9.448 — 39.115v + 2.324a — 1.3218 + 0.101va +
0.118v8 - 0.003a8 + 7.000v* — 0.0140 + 0.0308%, %
[a] DR AR ) (25 1 v (P<0.001) , FLIG IR i 2%,
R A G S e AR T i (6 2) o AR Rl
D R FR BT A I R SO AR B A ) s
3 2RI AR I A5 MR U/ N o

®2 HEROMHRTREN T ENH

Table 2 Analysis of variance of deformation of blade surface

centroid and leaf tip

T LA ARSI ik

R TR Blade surface centroid Leaf tip
Test index deformation deformation

F P F P
e 73.12 <0.001 118.81  <0.001
Model
v 28.60 0.001 131.67 <0.001
o 9.68 0.017 64.76  <0.001

6.32 0.040 32.98 0.001
va. 2.86 0.135 12.70 0.009
vp 0.51 0.498 0.57 0.475
af 9.93 0.016 1.09 0.332
v 396.29 <0.001 21.26 0.003
o 2.33 0.171 815.45  <0.001
B 73.12 <0.001 3.71 0.095
KA 4.41 0.093 2.04 0251
Lack of fit

v SR s o AL 5 B 1 R0 aR A 5 3% (P<0.05),
W23 (P<0.01) . v: Airflow velocity; a:airflow angle; f: ini-
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(P<0.01).
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Fig. 4 Response surface analysis on effects of interaction factors on leaf tip deformation
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Table 3 Experimental parameters in computational fluid dynamics simulation

=) Y= N
J¥ 4 2R Leaf tip/mm IR R 2E R fH 1.0 Blade surface centroid/mm I IR ZE A
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