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Mechanism and Simulation Analysis of Interaction Between Submerged Flexible Veg
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PSS 1T

DUKSRIEAERE, e, i, A0 T3, it

FECRBEH

Submerged flexible vegetation, Large—eddy simulation, Turbulent structure, Cohe

rent waving motion, Scalar transfer

SIS ]

VUK K EAES RGP E BRI, 252 SO KRR I ) A, AEAE R 2
VT U U IR R IR A 1, DRI A B A B KR I . Besc i, KA SR AR
B, B, DHIUKRS TP EAE B R A UK AL S R G, REE AR
HEFAEYETAR, XK EASRGNBRESE R EAREIE X AR KRR
BB L, LT A i R MR RE AR KA LA AR, ARk T4
{IEREE VNS I NG I AN~y 2N ek % 9] D 1 BU B RN T 1 0 SN = )
FXHRBOREEZERAE T, AKFFEE AT it s MEssh. brsiats M EqEs, o
FOKE AR TLAE P ROV EENLE R AR TR s A b (A% U . R B3t AT TE 1) 32
PSRRI POEBARAI K, RZAFAE/ NI UK, BUR RO, A SCRIETT 70
FKAERIE TS R TLAE F R A BEALER, JF 0t 7K AR, a5 RKRW: 5
WIPERE AR LE, SRER A BURAS & 52 SRS R A AR Z AR sl RE R, (H 2k
SRS KFMIILB, TN 7o AR RSN I 2 2 1 et J= AN RE 22 . TR Kelvi
n - Helmholz— A Iy, MEIHHRTEE, MTIHEsE 17X KA PEEh A /7. 72 5 R E K
WA, DUKRAHERESI 2 S AL R Kelvin - Helmholz AFRE M2 S EUR I Z ik
JAIE AR T shia sl AR SO FE T TR AR Z1AR T 20 (F F Ik R s m R 3 . 45 2R
R, PRI R 2 AR TSR N, SRAME IR, R B K =
S BB IR IR/, PRIE K A A TR B I, B3R IR BUR RS AR
TSR A K . TR E A 3 2 82 ORI it s e, PR K S i
PREARHO AR E B+ U ASCULE R E B, WO A AR ARSI X b B A AN
PN, AR WIS R JZ /N R K - H it im it on g ss . Ark
T HOR R ) BRI . SRR ARSI R T R TR K - H e, SR
T R G B I AR ARSI N TS IR BEAL AR BRI, RTINS0 1 AR R A T T
o

S E ]

Submerged vegetation is an important part of the aquatic ecosystem. The presenc
e of submerged vegetation can significantly change the vertical distribution of
flow velocity, induce complex vortex structures near the vegetation canopy, in
tensify the mass and momentum exchange between inside and outside the vegetatio
n canopy, and provide habitat and food for aquatic organisms. Studying the inte
raction mechanism between water flow and flexible vegetation is an important ba
sic work to understand the law of mass and energy transport in the aquatic ecos
ystem, and is also of great significance for the restoration and management of
the aquatic ecosystem. In this paper, large eddy simulation and immersed boundar
y method were used to establish a three-dimensional full-freedom highly flexibl
e submerged vegetation—flow interaction model, which mainly solves the difficul
ty of coupling water flow with vegetation that has large deformation and comple
X shape in numerical simulation. Through numerical simulation of flow velocity
distribution, turbulent structure, vegetation movement, and scalar transport un
der different flow conditions, vegetation distribution density and relative sub
mergence depth, the physical mechanism of flow-vegetation interaction, the cohe

rent waving motion of vegetation and the characteristics of scalar transport in

the vegetated flow are studied. In water bodies with shallow water depth and lo




w flow velocities such as wetlands and shoals, there are always small-scale sub
merged vegetation groups, namely vegetation patches. The characteristics and ph
ysical mechanism of interaction between small submerged vegetation patches and
water flow were studied. As compared to the vertical rigid vegetation, the flex
ible vegetation tilt does not significantly change the velocity difference and
the turbulent kinetic energy magnitude between inside and outside the vegetatio
n canopy, but is to weaken the disturbance to flow, thus reducing the resistanc
e to flow. However, the vegetation swaying is to significantly increase the vel
ocity difference between inside and outside the canopy. It forms the Kelvin - He
Imholtz - hairpin vortices intensifying the turbulence production, and enhancing
the disturbance and resistance to flow.Under the inflow condition of unidirect
ional constant flow, the Kelvin - Helmholtz instability at the canopy height of
the submerged vegetation array will cause the vegetation canopy to make a perio
dic coherent waving motion. The periodicity of coherent waving motion of vegeta
tion array and its influencing factors are studied. It is revealed that as the
flow velocity increases, the wavelength of the coherent waving motion decrease
s, while the frequency and amplitude increase. Besides, as the vegetation distr
ibution density increases, the wavelength, and amplitude of the coherent waving
motion decrease, but the frequency increases. When the vegetation is in the sh
allow submergence range, the relative submergence depth has little effect on th
e periodicity of coherent fluctuation. Since the presence and movement of veget
ation significantly change the turbulence intensity of water flow, the scalar t
ransport in water flow is very sensitive to the motion of vegetation. The influ
ence of vegetation presence and swaying on scalar transport and diffusion is st
udied, taking dissolved oxygen as an example. The results show that the wake f1l
ow downstream of rigid vegetation and the small-scale Kelvin - Helmholtz vortice
s near the top of the canopy are the main reasons to enhance the turbulence int
ensity in the flow and significantly increase the turbulence diffusion of scala
rs. However, the flexible vegetation movement induces large—scale KH vortices n
ear the top of the canopy. It also causes to increase the turbulence intensity
in the flow, the scalar concentration across the flow depth, and the scalar tur

bulence diffusion intensity.
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