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a) Terrestrial Canopy: Unconfined
H/h = o plW |, >> OP/dX

A

b) Depth-Limited, Submerged Canopy

H/h = 2: pw|y, =~ OP/dx
A § S = OH/dx

¢) Emergent Canopy
H/h = 1, Emergent: pﬁ.r|h << dP/ox

wake turbulence, Lw-dp

L

BEBRZF OANDHLE

a) /BRI
b) /K ARV (TLK)

c) KR REVE (H7K)

Figure 1. Velocity profiles, (=), for three depth ratios, H/A,
where ff 15 water depth and & is canopy height. (a) Terrestrial
canopies represent the unconfined limit, H% ° =, for which
wvertical turbulent transport of momentum from overlying flow
controls flow within the canopy. (b} As the depth ratio decreases,
pressure gradients, AP/ 2, within the canopy become comparable
to turhulent stress, () As the depth ratio declines
toward the emergent limit, /% = 1. the twrbulence scale shifts
from predominantly shear generated, Ly, to predominantly wake
generated. L. signaling a reduction in eddy seale

H.M.Nepf and E.R.Vivoni(2000) JGR,\Vol.105
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Figure 4. Mean velocity, turbulent stress, and turbulent rms observed for (a, and b) emergent (H'h =1.0)
and (¢, and d) submerged (H/h =2.75) canopies. Each measurement represents the average of three lateral
positions. Horizontal bars indicate the variability between lateral positions.

H.M.Nepf and E.R.Vivoni(2000) JGR,\Vol.105
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Flow and transport in channels
with submerged vegetation
Heidi NEPF' and Marco GHISALBERTT

Acta Geophysica

vol. 56, no. 3, pp. 753-777
DOI: 10.2478/s11600-008-0017-y
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Figure 9. One-second moving averages of strongly oscillatory streamwise velocity (bold line) and Reynolds
stress (thin line) records taken at z/Ah; = 0.93 in scenario G. Strong Reynolds stress events are marked Sw (sweep)
(' =0, w' < 0) and Ej (ejection) (' < 0, w' > 0). The cartoon depicts the plant response to the flow velocity, which

B . -1
oscillates about a mean of 5.1 cm s
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Fig. 4. Comparison of (a) free shear layer (FSL) and (b) canopy shear layer (CSL)
vortices. The vortices translate with speed U,. which is defined by the time required,
T, for the vortex center to move distance L downstream, U, = L/T. (a) In a FSL the
vortex is symmetric about the inflection point, z;. The translation speed of the vor-
tex matches the velocity of the inflection point, U, = U;. (b) In a CSL the inflection
point corresponds roughly with the top of the canopy, z; = k. The vortex center is
displaced upward relative to the inflection point, and the vortex travels faster than
the velocity at the inflection point, which occurs at the top of the canopy.
Uy = Uy = U= (t)z=n -




Flow and transport in channels
with submerged vegetation
Heidi NEPF' and Marco GHISALBERTI®

Acta Geophysica
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Fig. 5. Profiles of normalized turbulent stress measured in and above a flexible ca-

nopy under two flow conditions: with (F6) and without (F1) canopy waving, termed
monami.




loganthmuc laver

I i

roughness sub-layer

lop of canopy —[ mixine-laver
Th” ' ) stress-driven region v (1)) = Vs + Uy~ 1) exp{ﬂ(
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Figure 6.9: Velocity profile in and above a submerged canopy. In the upper portion of the
canopy flow is predominantly driven by turbulent stress, which penetrates downward into the

canopy over attenuation scale (@Cp)y~'. Below this flow is driven by potential gradients doe

to bed- or pressure gradients. At the top of the canopy the discontinuity in drag generates a
mixing-layer. Above this the profile transitions to a logarithmic boundary layer profile.
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Bed slope | Vegetation  Vegetation  Vegetation

Vegetation

1/1,000 1/500, 1/300 height diameter width .
material

Flow Discharge Q(l/s) H, (cm) d (mm) B.(cm)

1~4

1~8 1~13 7.5 0.242 10 nylon strings
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2mme-thick acrylic
barrier plate

v

. Laser light
(cross-section ) Tcep

Camera
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_Flow Flow Mfean Cross- _ Bed slope Vege_tation Vegetation Froude Reynolds
Case Discharge depth section velocity Barrier plate | height  diameter number  number
Q (I/s) H (cm) Um (cm/s) H,(cm) d(mm) Fr Re
Al 5.6 5 28.0 without barrier plate  1/1000 55 0.242 0.40 12000
A2 5.6 4.4 31.8 with barrier plate ~ 1/1000 5.5 0.242 0.48 12000
Bl 12.4 8.5 36.5 without barrier plate  1/1000 55 0.242 0.40 27000

B2 12.4 8.3 37.3 with barrier plate 1/1000 9.5 0.242 0.41 27000
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non-overflow case

overflow case

Distance between vegetation zone Bc (cm)
Bed slope |

Flow discharge Q (I/s)

Vegetation height Hv (cm)

Vegetation diameter d (mm)

Vegetation width Bv (cm)

0~30 0~30

1/500 1/300
4,5 5,6
7.5 7.5

0.242 0.242
10 10

0~30 0~30

1/500 1/300
8,9, 10 10
5.5 7.5

0.242 0.242
10 10
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