
 
 
 

Transactions of the ASABE 

Vol. 62(6): 1713-1722       2019 American Society of Agricultural and Biological Engineers   ISSN 2151-0032   https://doi.org/10.13031/trans.13449 1713 

COMPUTATIONAL FLUID DYNAMICS SIMULATION  
OF AIRFLOW THROUGH STANDING VEGETATION 

H. B. Gonzales,  J. Tatarko,  M. E. Casada,  R. G. Maghirang,  
L. J. Hagen,  C. J. Barden 

HIGHLIGHTS 
 Measured airflow through a simulated canopy was successfully modeled using CFD software. 
 Effective drag coefficients did not differ between the experimental and simulated results. 
 Results of this study provide 3-D simulation data of wind flow through a plant canopy. 

ABSTRACT. Maintaining vegetative cover on the soil surface is the most widely used method for control of soil loss by wind 
erosion. We numerically modeled airflow through artificial standing vegetation (i.e., simulated wheat plants) using compu-
tational fluid dynamics (CFD). A solver (simpleFoam within the OpenFOAM software architecture) was used to simulate 
airflow through various three-dimensional (3D) canopy structures in a wind tunnel, which were created using another open-
source CAD geometry software (Salomé ver. 7.2). This study focused on two specific objectives: (1) model airflow through 
standing vegetation using CFD, and (2) compare the results of a previous wind tunnel study with various artificial vegetation 
configurations to the results of the CFD model. Wind speeds measured in the wind tunnel experiment differed slightly from 
the numerical simulation using CFD, especially near positions where simulated vegetation was present. Effective drag 
coefficients computed using wind profiles did not differ significantly (p <0.05) between the experimental and simulated 
results. Results of this study will provide information for research into other types of simulated stubble or sparse vegetation 
during wind erosion events. 

Keywords. 3-D canopy structure, OpenFOAM, Wind erosion, Wind tunnel studies. 

ind erosion poses a significant risk to agricul-
tural lands despite numerous mitigation strat-
egies employed for its control. One such con-
trol strategy is the maintenance of vegetation 

cover. When vegetation is sparse, standing residue is signif-
icantly more effective than flat residue for wind erosion con-
trol (Hagen, 1996). Wind erosion studies have focused on 
the effects of sparse vegetation after harvesting (Wolfe and 
Nickling, 1993; Lancaster and Baas, 1998; He et al., 2017), 

land degradation and conversion (Li et al., 2005), and dry 
land conditions (Musick and Gillette, 1990; Toure et al., 
2011). These are all conditions that make the soil surface 
vulnerable to wind erosion. 

Previous studies have used wind tunnels to identify pa-
rameters and processes that influence wind erosion. Lyles 
and Allison (1976) compared spacings and orientations of 
standing stubble for mitigating wind erosion. Their study 
showed that a stubble row orientation perpendicular to the 
wind was more effective than a parallel orientation for shel-
tering against wind erosion. Densities of simulated plant 
stalks with various diameters and heights were employed by 
van de Ven et al. (1989), who reported up to 82% reduction 
in soil loss due to the presence of stalks. Hagen and Arm-
brust (1994) proposed a theoretical approach, including sur-
face friction velocity reduction and interception of saltation 
in standing stalks, to predict the amount of soil loss. They 
found a correlation (R2 = 0.89) between soil loss reduction 
and the plant area index of stalks. Standing sticks were used 
in a wind tunnel study by Dong et al. (2001) to demonstrate 
that the height and density of standing vegetation influence 
the roughness length and drag coefficient. They also de-
duced that the height/spacing ratio is the most essential 
structural parameter that influences drag coefficients and 
roughness lengths. In wind tunnel studies of simulated 
broadleaf (e.g., soybean) canopies with varying leaf distri-
bution by height, Hagen and Casada (2013) found that can-
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opy leaf area index (LAI) was directly related to threshold 
velocity and inversely related to sand transport capacity. The 
canopies modified both the wind profile and the normalized 
abrasion energy of the sand discharge when compared with 
a bare sandy surface. Vegetation density was also found by 
Gonzales et al. (2017) to be directly related to threshold ve-
locity and inversely related to sand discharge. The presence 
of vegetation was found to be effective in minimizing abra-
sion of standing vegetation models by lowering the saltation 
of sand particles that could impact the simulated plants. 

Field studies have also been conducted to determine the 
effects of vegetated surfaces on wind erosion. Stockton and 
Gillette (1990) evaluated three test sites. They found that 
dense vegetation resulted in large sheltered areas, as evi-
denced by the small ratios of threshold friction velocities for 
a vegetated surface over a bare soil surface. Their measure-
ments showed that the ratios ranged from 0.27 to 0.44, in 
which a value of 1.0 denotes a bare sand configuration. Li et 
al. (2005) conducted a study in China which showed that 
early stages of vegetation were more prone to wind erosion 
on degraded grasslands, while established grasses showed 
greater resistance to wind erosion. They found that the wind 
erosion reduction on fixed (vegetated) land was 1/47 
(2.13%) of that on shifting (loose and bare) sandy land. 

Field measurements should ensure realistic surface con-
ditions (Fryrear et al., 1991), whereas with wind tunnels, it 
is necessary to control the meteorological and surface pa-
rameters (e.g., wind speed, soil type, vegetation element 
type, and vegetation configuration). Both field and wind tun-
nel testing are expensive and time-consuming. Numerical 
simulation, such as computational fluid dynamics (CFD), 
combined with sufficient validation, has provided an alter-
native approach in a wide range of research (Politis et al., 
2008; Qiao and Liu, 2008; Defraeye et al., 2010; Bonifacio 
et al., 2014). 

Numerical simulation of various types of vegetation (nat-
ural and artificial) using commercially available CFD soft-
ware (e.g., Fluent) has been studied extensively. Tiwary et 
al. (2005) used the shear stress transport turbulence model 
described by Menter (1994) to simulate airflow across three 
hedge species (hawthorn, holly, and yew). Lin et al. (2007) 
employed the shear stress transport k- model to study air-
flow and odor dispersion across tree shelterbelts. Investigat-
ing airflow through various configurations of cypress trees, 
Rosenfeld et al. (2010) used individual trees as well as mul-
tiple rows to compare to their experimental results. They 
concluded that reduction in airflow and lateral variations in 
wind speed were caused by canopy density. Gromke et al. 
(2008) investigated airflow and exhaust dispersion across 
trees planted along roads in an urban street canyon. They 
found that the Reynolds stress model was better than the 
standard k- turbulence model for predicting dispersion oc-
curring within trees. On the other hand, Endalew et al. 
(2009) attempted to model the 3D architecture of leafless 
plant canopies using commercial CFD software. They em-
ployed the standard k- turbulence model and found that pre-
dicted velocities agreed with experimental results. Bitog et 
al. (2012) compared wind tunnel measurements of airflow 
across black pine trees to CFD simulations. They used the 

re-normalization group (RNG) k- turbulence model and as-
sessed the effects of gaps and rows between trees. Guo and 
Maghirang (2012) compared the experimental values of Ti-
wary et al. (2005) to CFD simulations using the standard k-
 and realizable k- turbulence closure models; they found 
good agreement between the two models. 

Open-source CFD software, such as OpenFOAM, has 
gained popularity in many disciplines because of the high 
cost of commercial CFD packages. Lysenko et al. (2013) re-
ported that the performances of FLUENT and OpenFOAM 
were comparable in simulating flows across a bluff body. 
Higuera et al. (2013) used OpenFOAM to validate a newly 
developed wave generation and active absorption boundary 
condition. They found that water waves were generated re-
alistically, and the agreement between laboratory and nu-
merical data was very high regarding wave breaking, run up, 
and undertow currents. Bonifacio et al. (2014) compared the 
results of AERMOD and OpenFOAM in simulating particle 
transport from a ground-level source. They found that the 
two models responded similarly to effects of atmospheric 
stability and wind speed. 

Most CFD studies of wind flow through vegetation have 
been made on windbreaks, with few, if any, conducted 
within crop plant canopies. In this study, we used CFD to 
numerically model the airflow through artificial standing 
vegetation (i.e., simulated wheat plants) that were previously 
measured by Gonzales et al. (2017). A specific solver of the 
OpenFOAM architecture (simpleFoam) was used to simu-
late airflow through a 3D canopy structure in the wind tun-
nel. A numerical representation of the 3D canopy was cre-
ated using another open-source CAD geometry software 
(Salomé ver. 7.2) to address the following objectives: 

1. Model airflow through multiple standing vegeta-
tion canopy configurations using open-source CFD 
software. 

2. Compare the results of a previous wind tunnel study 
with various artificial vegetation configurations to 
the results of the CFD model. 

MATERIALS AND METHODS 
WIND TUNNEL EXPERIMENT 

A detailed description of the wind tunnel experiment that 
was the basis for comparison with the CFD simulation is pro-
vided by Gonzales et al. (2017). Briefly, in that study, a se-
ries of wind tunnel experiments was conducted to measure 
airflow using a rack of pitot tubes within simulated standing 
wheat vegetation (i.e., split plastic straws). Wind speed pro-
files were evaluated during 3 min test runs at two different 
vegetation heights (150 and 220 mm) for each of three den-
sities of the simulated vegetation (i.e., 100 mm  200 mm, 
200 mm  200 mm, and 300 mm  200 mm spacing). The 
wind speed (Umax) was a constant 15 m s-1. 

Comparisons were based on wind velocity measurements 
from the pitot tube system within the artificial standing veg-
etation. An array of eleven pitot-static tubes was deployed at 
two heights, giving velocity measurements at 22 total 
heights up to 0.5 m above the surface. An additional pitot 
tube measured the free-stream velocity at 0.9 m above the 
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surface. There were three replications of each test. The pitot 
tube measurements within the height of the canopy were an-
alyzed for canopy effects. Velocity profiles from the experi-
ment were used to determine effective drag coefficient (Cn) 
values within the standing vegetation and were compared to 
the results of CFD simulation. A detailed derivation of the 
equation for Cn was shown by Endalew et al. (2009). The 
resulting final equation used in this study is: 

  
 
 
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where Cn(z) is the value of Cn at various vertical positions, L 
is the distance between upwind and downwind positions of 
wind velocity measurements (m), A is the leaf area density 
(m-1), which is defined here as the leaf area per unit volume, 
Uup(z) is the mean vertical velocity in the upwind position, 
and Udown(z) is the mean vertical velocity in the downwind 
position. Mean values for upwind and downwind locations 
include velocity measurements taken along a single line at 
the back or front of the canopy. For example, at a constant 
value of x (x = position downwind), velocities must be taken 
at a range of y-values (y = position across the tunnel) upwind 
and at the same range of y-values downwind along the verti-
cal height (z) of the canopy, as shown in figure 1. Mean val-
ues of velocity were also used for comparing the overall can-
opy velocity profiles from the experiments to those from the 
simulations. 

COMPUTATIONAL DOMAIN 
The computational domain (fig. 1 and table 1) is based on 

measurements by Gonzales et al. (2017) of wind velocity 
profiles in a wind tunnel where the maximum height of the 
domain corresponds to the free-stream velocity measured in 
the wind tunnel (i.e., free-stream velocity was measured at 

0.9 m above the tunnel floor). The length and width of the 
domain were limited by the number of standing artificial 
vegetation elements chosen to represent the simulation to 
minimize computation time while representing changes be-
tween wind profiles. For this study, seven elements (i.e., in-
dividual plants; fig. 1) were used to compute wind velocities 
between rows for three artificial vegetation configurations 
within the tunnel (100 mm  200 mm, 200 mm  200 mm, 
and 300 mm  200 mm spacings) and two vegetation heights 
(150 and 220 mm). 

NUMERICAL SIMULATION 
During the preprocessing phase of the CFD modeling, the 

geometry and domain for the mesh were created. This study 
used external flow, and the geometry and domain were cre-
ated accordingly. OpenFOAM (ver. 2.2.2, OpenCFD, 
Bracknell, UK; https://openfoam.org) was the CFD software 
used in this study. Processing requires a specific solver 
within the OpenFOAM solution binaries, which are pro-
grammed using C++. Post-processing was performed using 
the included ParaView application that automatically visual-
izes the simulation solution. Values generated from the so-
lution were also exported and visualized within a spread-
sheet for cross-checking and validation. 

Governing Equations 
This study focused on turbulent airflow through a canopy 

(i.e., artificial standing vegetation). The Reynolds-averaged 
Navier-Stokes (RANS) method was adopted because it is 
able to represent the turbulent components of instantaneous 
velocities of the fluid. Equations were based on 3D RANS 
steady-state, incompressible, and isothermal conditions, tak-
ing the turbulent atmospheric layer as neutrally stratified 
(Guo and Maghirang, 2012), with mass transfer neglected. 
Continuity and momentum conservation equations are pre-
sented in detail by Cheng et al. (2003), Endalew et al. (2009), 
and Yeh et al. (2010). The complete formulation of the RNG 
k- turbulence model used in this study was presented by 
Yeh et al. (2010). Previous studies indicated that the RNG  
k- model was the most suitable turbulence model for inves-
tigating complex wind flows around barriers (Packwood, 
2000; Lee and Lim, 2001; Lee et al., 2007; Li et al., 2007; 
Santiago et al., 2007; Bourdin and Wilson, 2008; Yeh et al., 
2010; Bitog et al., 2012). The input parameters of the turbu-
lence model are defined in table 2. 

Geometry and Mesh Generation 
For OpenFOAM, geometries for internal flows are typi-

cally created using a meshing tool, known as blockMesh, 
which creates fully structured hexahedral meshes. For exter-
nal flow, as in this study, blockMesh cannot be used. For this 

Figure 1. Computational domain for airflow through artificial standing
vegetation using ParaView visualization within OpenFOAM. 

Table 1. Computational grid for artificial standing vegetation. 
Number of cells 1,046,096 
Number of faces 3,258,462 
Number of nodes 1,172,843 

x-Coordinate Minimum -0.5 m 
Maximum 0.5 m 

y-Coordinate Minimum -0.5 m 
Maximum 0.5 m 

z-Coordinate Minimum 0.0 m 
Maximum 0.9 m 
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study, 3D geometry was based on the artificial standing veg-
etation used in the wind tunnel (fig. 2). Third-party software 
(Salomé ver. 7.2, Open Cascade, Guyancourt, France; 
http://www.salome-platform.org) was used to create the ge-
ometry to be “snapped” or overlapped with the block domain 
using the other mesh tool of OpenFOAM, known as snap-
pyHexMesh, a built-in meshing tool for creating internal 
faces within a domain to evaluate external flows. The created 
3D models were exported as a stereolithography (.stl) file in 
ASCII format (the format recognized by snappyHexMesh). 

CFD SOLUTION METHOD 
SimpleFoam, which is a solver applicable to steady-state, 

incompressible turbulent flow, was used for this study. It 
uses the semi-implicit method for the pressure-linked equa-
tion (SIMPLE) algorithm developed by Patankar (1980) for 
decoupling pressure and velocity (OpenCFD, 2011). For a 
specific solver, various types of files are necessary. 

Boundary Conditions 
Boundaries for the entire domain were set up in the for-

mat read by SimpleFoam. Initial values for , k, pressure (p), 
and air velocity (U) were used in the solver and were placed 
as separate files to be read by the solver. These values were 
set for boundary regions in the domain, namely, the inlet, 
outlet, upperWall, lowerWall, and frontAndBack regions 
(fig. 1). Inlet values for  and k were based on the equilib-
rium boundary layer assumption described by Richards and 
Hoxey (1993), Santiago et al. (2007), Bourdin and Wilson 
(2008), Yeh et al. (2010), and Guo and Maghirang (2012) 
and were obtained by the following equations: 
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where u* is the friction velocity far upstream of the vege-
tation (from the wind tunnel tests, u* = 0.24 m s-1), C is 
the turbulence model constant,  is the von Karman con-
stant (both provided in table 2), and z is the height above 
the tunnel floor (m). Pressure was initially set as zero (0 
Pa) inside the domain (internalField in OpenFOAM). Pres-
sure was also given a zero gradient for the inlet, upperWall, 
and frontAndBack, with a symmetry condition for upper-
Wall, and a constant outlet value. For other regions in the 
domain, outlet flow was given a fully developed flow con-
dition (i.e., zero velocity gradient), symmetry conditions at 
the upperWall and frontAndBack regions, no-slip condi-
tion at the lowerWall, and near-wall conditions for  and k 
(i.e., epsilonWallFunction and kqrWallFunction, respec-
tively) for all other domain regions used (Liu, 2016). 

Initial values inside the domain (internalField in Open-
FOAM) for all parameters were set to zero. Wind velocity 
measurements during the wind tunnel experiment served 
as input values for x-component inlet velocities (ux); other 
velocity components (uy and uz) were assumed to be zero. 

Post-Processing 
Visualization of simulation results was done in the Open-

FOAM application ParaView 3.40. During computation (it-
eration steps), OpenFOAM interim results were cross-
checked for stability, unboundedness, and residual behavior 
by installing GNUPlot to visualize the results to ensure that 
the parameters computed during the numerical simulation 
were acceptable, whether or not convergence was met. 

Velocity profiles measured during the wind tunnel exper-
iment with various standing vegetation configurations were 
compared to the simulation results. A useful option in Para-
View was to filter out desired points or regions within the 
domain to export data from within ParaView. Failure to do 
so can lead to an error when the entire set of data exceeds the 
maximum allowable rows in the spreadsheet program, which 
is common if the mesh contains millions of cells. 

Data Analysis 
Mean values of predicted and experimental wind veloci-

ties and drag coefficients were compared using the normality 

Table 2. Input parameter values used for CFD simulation of airflow
through artificial standing vegetation (based on OpenCFD, 2011; Guo
and Maghirang, 2012; Bonifacio et al., 2014). 

Parameter Symbol Value 
Air density (kg m-3)  1.225 

Air dynamic viscosity (kg m-1 s-1)  1.79  10-5 
Kinematic viscosity (m2 s-1)  1.46  10-5 
Turbulence model constant C1 1.42 
Turbulence model constant C2 1.68 
Turbulence model constant C 0.085 
Turbulence model constant  0.012 
Turbulence model constant o 4.38 

Turbulent Prandtl number for k k 0.719 
Turbulent Prandtl number for   0.719 

von Karman constant  0.4187 

Figure 2. Artificial standing vegetation model of wheat that was used
in the wind tunnel study. 
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and homogeneity of variances assumption and a standard 
statistical paired t-test in Excel (Microsoft Corp., Redmond, 
Wash.). An analysis of variance (ANOVA) was performed 
to determine the effect of vegetation densities and heights. A 
5% level of significance was used for all cases. CurveExpert 
1.4 (Hyams, 2013) was used to plot best-fit curves. 

RESULTS AND DISCUSSION 
GEOMETRY AND MESH GENERATION 

Figure 3a shows the 3D model for the artificial standing 
vegetation created using Salomé. The “.stl” file format of the 
3D geometry was called within the dictionary of the snap-
pyHexMesh meshing tool of OpenFOAM. In addition to ge-
ometry reconstruction, much mesh parameter conditioning 
(i.e., level refinement, layer refinement, angles) was needed 
and evaluated by trial-and-error to obtain an acceptable mesh 
(fig. 3b) to proceed with the iteration steps of the simulation 
(i.e., a very fine mesh led to a very long computational pro-
cedure). Although mesh quality increased with the addition 
of sublayers, especially at the edges of the geometries in the 
snappyHexMesh step, the decision was made to ignore add-
ing sublayers because the geometry was too small to add 
more layers, and the mesh created almost always failed in 
the mesh checks when sublayers were added. During mesh 
creation, the mesh size of the domain (through blockMesh) 
dictates whether or not problematic faces are created be-
cause, by default, snappyHexMesh creates a very fine mesh. 
Therefore, if blockMesh has a coarse mesh and the 
“snapped” figure has a relatively fine mesh, failed mesh 
checks would result in unboundedness and divergence of the 
solution. 

COMPARISON OF CFD RESULTS  
WITH EXPERIMENTAL RESULTS 

Figure 4 shows values of Cn for the various standing veg-
etation configurations, where the vertical height (z) was nor-
malized with the height of the canopy. The drag coefficients 
are low at the bottom of the canopy and return to zero above 
the canopy. With no obstructions, drag coefficients are al-
ways zero. Numerical values of Cn did not differ signifi-
cantly (p < 0.05) between the CFD simulation and experi-

mental results; however, the profile shapes were slightly dif-
ferent, especially for denser configurations (100 mm  
200 mm), possibly a result of pertinent oscillations of the air-
flow that created excessive turbulence as the density of 
standing vegetation increased. Slight discrepancies in the 
profile shape can be caused by oscillations (bending mo-
tions) in the upper portion of the standing vegetation as air 
travels through it. These oscillations of the standing vegeta-
tion were not simulated during CFD simulation. 

A comparison of the normalized wind profiles is shown 
in figure 5 for the densest vegetation configuration of 
100 mm  200 mm at 220 mm height, which is illustrated in 
figure 6. The comparison was made at velocities measured 
at 100 mm from the back of the canopy. This measurement 
is essentially half of the constant row spacing (200 mm) of 
the configuration. Vertical height (z) was normalized with 
the height of the canopy, while wind velocity (U) was nor-
malized by the maximum velocity for the simulation or ex-
periment. The maximum velocity in the OpenFOAM simu-
lation occurred at the top boundary of the domain (z = 
0.9 m), which was the height of free-stream velocity during 
the wind tunnel experiment, coinciding with the maximum 
velocity in the tunnel. 

Differences in the velocity profiles between the wind tun-
nel values and CFD simulation results are evident in fig-
ure 5. The simulation results show dramatic decreases in ve-
locity at the crown of the canopy, where the split in the 
straws occurred. However, the measured values did not ex-
hibit such a dramatic, isolated decrease. The measurements 
showed a limited decrease in velocity (limited change in pro-
file shape) at the wake of the canopy, but fluctuating values 
of wind velocity were evident. This could be attributed to the 
canopy behavior during the wind tunnel experiment. For the 
CFD simulation, the split portions of the straws were station-
ary, and straw bending or oscillations were not accounted 
for. However, during the wind tunnel experiments, continu-
ous oscillation of the plastic straws was observed when the 
simulated vegetation was subjected to wind, potentially 
leading to overflows around the vegetation (above and at the 
sides of the canopy). 

Figure 7 shows normalized predicted velocity profiles at 
various positions within the canopy, as indicated in figure 6. 

(a) (b) 

Figure 3. (a) Geometry created using Salomé and (b) mesh created using snappyHexMesh for the 100 mm  200 mm configuration at 220 mm 
standing vegetation height. 
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The same positions were selected for all configurations. 
Points A to H represent positions between rows (i.e., C, D, 
F, and G), between canopies within a row (i.e., B, E, and H), 
and upwind of the vegetation (A). Normalization was 
achieved by dividing the vertical velocities by the maximum 
velocity (velocity at the height of the domain, z = 0.9 m, 
which represents the maximum velocity within the tunnel, 
measured as free-stream velocity). 

The plots in figure 7 show normalized velocity profiles at 
the wake of the canopy that are identical to observations in 
previous studies (Cionco and Ellefsen, 1998; Katul et al., 
2004; Pyles et al., 2004; Endalew et al., 2009). Positions B 

and D have identical smooth log profiles for velocity, similar 
to upwind position A. This is expected because no obstruc-
tions were in front of positions A, B, and D, even if they 
were within the canopy area. Figure 7 also shows that a re-
duction in wind velocity occurred within the canopy height, 
and the resistance due to the presence of split straws (z/H2 
values of approximately 0.15 to 0.22) caused a drastic de-
crease in velocity. This is demonstrated by the sharp skew of 
the profiles toward the left as the wind hit the canopy at po-
sitions where standing vegetation obstructed the airflow 
(i.e., C, E, F, G, and H). 

The same behavior of the velocity profiles at the same 

(a) (b) 

(c) (d) 

(e) (f) 

Figure 4. Vertical profiles of effective drag coefficient (Cn) for artificial vegetation spacings of 100 mm  200 mm at (a) 220 mm and (b) 150 mm 
heights, 200 mm  200 mm at (c) 220 mm and (d) 150 mm heights, and 300 mm  200 mm at (e) 220 mm and (f) 150 mm heights. See figure 6 for 
an example configuration. Error bars represent values within a 95% confidence interval. 
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positions within the canopy was observed with other config-
urations (fig. 7). The difference between profiles of the same 
height was that the wake velocities at E and F were slightly 
lower for denser configurations and lowest for the densest 
configuration of 100 mm  200 mm. Obstruction of wind by 
vegetation is shown by the greater skew toward the left at the 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

region of velocity reduction, implying that the presence of 
additional standing vegetation led to better sheltering down-
wind. In addition, comparison of the same density at differ-
ent heights (150 mm vs. 220 mm) of standing vegetation 
showed that the area of velocity reduction was greater for 
taller vegetation. 

Investigation of contour plots (fig. 8) of predicted veloc-
ities within the standing vegetation shows that a majority of 
the displaced profiles (above and at the sides of the standing 
vegetation) were responsible for instantaneous increases in 
wind velocity, which is because full canopies were present 
and their resistance was compensated by the presence of 
overflows and increases in wind velocity around the stand-
ing vegetation (Endalew et al., 2009). This region, known as 
the roughness sublayer (Georgiadis et al., 1996), dictates the 
turbulence in airflow due to the complexity and three-dimen-
sionality of the canopy structures. A detailed discussion of 
the regions that comprise the roughness sublayer is given by 
Endalew et al. (2009). As shown in figure 8, a majority of 
the velocity reduction occurred in the canopy region where 
oscillations in airflow occur, rendered by increased entropy 
of the fluid at the wake and within the canopy. 

CONCLUSIONS 
Measured airflow through a simulated canopy was suc-

cessfully modeled using open-source CFD software (Open-
FOAM). Wind speeds measured in a previous wind tunnel ex-
periment compared well to the modeled speeds but differed 
slightly from the numerical simulation, especially near the 
crown where split straws were present and where the CFD 
model underpredicted the measured values. Such discrepan-
cies could be a result of oscillatory motions unaccounted for 
during the CFD simulation because the geometry was station-
ary, rather than the dynamic geometry observed during the 
wind tunnel experiment. Effective drag coefficients computed 
using wind profiles did not differ significantly (p < 0.05) be-
tween the experimental and simulated results. Results of this 
study provide 3-D simulation data of wind flow through a 
plant canopy. Research into other types of stubble or sparse 
vegetation during wind events can be similarly conducted on 
a limited basis using CFD simulation, without the need for la-
bor-intensive wind tunnel studies. 

  

Figure 5. Comparison of normalized mean velocity profiles from the
wind tunnel experiment and CFD simulation based on measurements
at the back of canopy for the 100 mm  200 mm configuration at
220 mm height (H), as shown in fig. 6. Umax was constant at 15 m s-1. 
Error bars represent values within a 95% confidence interval. 

 

Figure 6. Top view of the positions considered for velocity profile com-
parison with the 100 mm  200 mm configuration. Points A to H are
the positions of predicted values corresponding to those in figure 7. 

200 mm 

100 mm 

50 mm 

Airflow direction 
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(a) (b) 

(c) (d) 

(e) (f) 

Figure 7. Comparison of normalized predicted velocity profiles within the canopy for artificial vegetation spacings of 100 mm  200 mm at 
(a) 220 mm and (b) 150 mm heights, 200 mm  200 mm at (c) 220 mm and (d) 150 mm heights, and 300 mm  200 mm at (e) 220 mm and 
(f) 150 mm heights. Points A to H represent positions within the canopy, as shown in figure 6. 
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