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1. NUMERICAL MODELING OF AIR MOVEMENT OVER SANDY SOIL 

PROVIDED WITH PROTECTIVE SCREENS 

In the research carried out in the previous research report, ANSYS Fluent - LES (Large Eddie 

Simulation) numerical simulations were performed and numerical simulations k - ε in the finite element 

modeling program COMSOL Multiphysics, on the movement in the working vein of an aerodynamic 

tunnel. Numerical simulations have led to very close results in terms of velocity profiles similar to those 

in the experimental vein. 

Also, in the research conducted in the previous research report, the numerical simulations k - ε in the 

finite element modeling program COMSOL Multiphysics were compared with the results of 

experimental tests performed in the same wind tunnel with expansion stage. In this case, too, the 

COMSOL numerical simulations led to very close results, in terms of speed profiles, with the 

experimental tests, thus considering the numerical model as being experimentally validated. 

Due to this fact, it was considered that the numerical treatment of the studied problems and therefore the 

afferent numerical tests, can be solved, with a very good approximation, by using the finite element 

modeling method COMSOL Multiphysics. 

1.1 General elements regarding numerical modeling 

Numerical tests performed in this research report refer to the movement of air in the area of the 

atmospheric boundary layer above a sandy terrain with a number of permeable protective screens in 

order to reduce wind speed to significantly reduce the amount of soil transport caused by wind, or to 

reduce the effect of wind erosion. 

In this third research report, a series of numerical tests were performed on the possibility of reducing 

wind speed at ground level for sandy soils in order to reduce sand entrainment by wind and thus reduce 

erosion and sand deposition in the area of sandy soils. 

Numerical aerodynamic tests were performed for different categories of reference wind speeds (U(10) = 

8 m/s, 12 m/s, 16 m/s) and for different protection groups characterized by the number of protection 

screens ( n = 1,2,3,4 screens). 

The numerical tests performed followed the way in which these permeable protection screens achieve 

the reduction of the wind speed downstream of the last row of the set of screens, compared to the 

incident wind speed upstream of the first row of the set of protection screens.. 

The numerical models were developed for 3 reference wind speeds upstream of the protection screens, 

i.e. for the speeds measured at a height of 10 m from the ground, as the speed is measured at the weather 

stations near the study area. These speeds are U(10) = 8 m/s, U(10) = 12 m/s, U(10) = 16 m/s. The 3 

reference speeds (8 m/s, 12 m/s and 16 m/s) used in the numerical calculations were chosen taking into 

account the specific intensity classes for wind erosion, namely the moderate class (U(10) = 8 m/s) and 

strong class (U(10) ˃ 11 m/s). 
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Numerical tests were also performed for 3 wind speed profiles of the incident wind in the section 

located 20 m upstream of the group of protection screens, all speed profiles being of the power law type 

with Davenport's exponent corresponding to a sandy terrain, i.e. α = 0.16. 

At the same time, the numerical tests were performed for 4 situations regarding the number of 

protection screens, i.e. with 1 protection screen, with 2 protection screens, with 3 protection screens and 

4 protection screens. The protection screens have a height of H = 10 m and have a permeability 

characteristic of 40%. The distance between the rows of screens is 4 m. 

The representation of the speed profiles downstream of the set of protection screens were made for the 

distances dav = 2H, 4H, 6H and 8H from the last row of screens. 

The calculation range, as part of the range of air movement in the atmospheric boundary layer, has a 

length between 100 m and 112 m for the case with 1 protection screen and respectively for the case with 

4 protection screens. 

The air velocities were observed, both upstream and downstream of the set of protection screens, at 

heights important for the studied phenomenon, i.e. at z1 = 0.20 m, z2 = 1 m and at z3 = 2 m. The first two 

heights refers to the phenomenon of triggering the process of wind erosion and the process of wind 

transport, respectively. The third height was taken into account due to the fact that, above this height, 

the influence of the land on wind transport becomes practically negligible.  

The numerical model adopted is a flat, two-dimensional model. 

1.2 COMSOL Multiphysics finite element modeling software 

COMSOL Multiphysics® is a simulation platform that encompasses all steps in the modeling workflow 

- from defining geometries, material properties and physics that describe specific phenomena to solving 

and post-processing models to produce accurate and reliable results. 

COMSOL Multiphysics is a software for finite element analysis, solving and multiple numerical 

simulations. It contains a conventional user interface based on physics and coupled systems of partial 

differential equations (PDE). COMSOL offers a unified workflow for electrical, mechanical, fluid, 

acoustic and chemical applications. 

To create models for use in specialized application or engineering fields, COMSOL Multiphysics® can 

be used with any combination of additional modules in the product suite. The interface products also 

make it possible to integrate the simulation with other engineering and mathematics programs used in 

product and process design. When a model has been developed, it can even be converted into a 

simulation application with a dedicated user interface, which can be designed for very specific use by 

people outside the research and development department. 

To solve the continuous or variable flow in terms of time, the program uses the incompressible Navier-

Stokes module. 
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The generalized equations of transport properties and velocity gradients are presented below: 

𝜌
𝜕𝑢⃗⃗ 

𝜕𝑡
− ∇ ∙ [𝜈(∇𝑢⃗ + (∇𝑢⃗ )𝑇)] + 𝜌(𝑢⃗ ∙ ∇)𝑢⃗ + ∇𝑝 = 𝐹        (1) 

∇ ∙ 𝑢⃗ = 0            (2) 

The first equation (1) is the transport equation and the second (2) is the continuity equation for 

incompressible fluids, where: 

 - dynamic viscosity 

 - density 

𝑢⃗  - speed field 

p - pressure 

𝐹  - the field of volume forces, such as gravity 

These application modules are general enough for all types of incompressible flows. In practice, 

however, successful turbulent flow analyzes require the simplification of the transport description. 

For turbulent flow, k-ε of incompressible fluids, the Navier-Stokes equations are used to preserve 

momentum and the continuity equations to conserve mass.. 

1.3 Boundary conditions 

Regarding the uniqueness conditions, the motion in the computational range being permanent, the initial 

conditions are superfluous, and the boundary conditions for the present application on air flow in the 

incompressible range described with the Navier-Stokes equations are grouped in the following types of 

conditions.: 

- The condition at the limit of the upper wall; 

- The condition at the limit of the lower wall; 

- The condition for the inlet of the calculation field; 

- The condition for the outlet of the calculation field; 

- Boundary condition for protection screens. 

a. The condition at the upper wall boundary 

Boundary condition applied to the upper side of the calculation range, wall type with the Slip option 

prescribing a non-penetrating condition, 𝑢⃗ × 𝑛⃗ = 0. Therefore, it implicitly assumes that there are no 

viscous effects on the wall and therefore no boundary layer develops. From a modeling point of view, 

this was considered a reasonable approximation because the main effect of the wall is to prevent fluid 

from escaping. 
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b. The condition at the lower wall boundary 

For the lower side of the calculation range a boundary condition of such wall type was applied but to 

which a roughness was applied, respectively the specific roughness of a sandy soil, having the absolute 

roughness k = 3.2 μm. 

c. Condition for entry into the calculation field 

The limit condition for entering the calculation range was set to Inlet type with speed, introducing into 

the program the speed profile of the incident wind for all 3 simulations. 

Thus, for the realization of real-scale numerical simulations, uniqueness conditions were proposed, at 

the input limit, consisting of a series of 3 power law type profiles (Davenport-Velozzi, see table 1.1) for 

the incident wind speed in section input of the computational domain. The 3 incident speed profiles 

correspond to the 3 speeds at the reference height z = 10 m (U (10)). 

In the calculation of these speed profiles the relation expressing the law of power was used (Davenport-

Velozzi): 

𝑈(𝑧) = 𝑈(𝑧1) ∙ (
𝑧

𝑧1
)
𝛼

           (3) 

where: 

U(z) - wind speed at a current height [m/s]; 

U(z1) - wind speed at a reference height [m/s]; 

z - current height [m]; 

z1 - reference height [m]; 

α - Davenport-Velozzi exponent [-]; 

δ - the thickness of the atmospheric boundary layer [m]. 

Tabel 1.1 – Values for the Davenport exponent 

 DAVENPORT 

 Surface of 

the sea 

Open field Suburban 

field, forest 

Center of big 

cities 

α [-] 0,12 0,16 0,28 0,36 

δ [m] 220 275 400 520 
 

The simulation refers to the action of the soil on wind speeds on a sandy open ground, so that the value 

of Davenport's exponent was chosen α = 0.16. 

It turns out that the relationship regarding the law of power, above, becomes: 

𝑈(𝑧) = 𝑈(10) ∙ (
𝑧

10
)
0.16

          (4) 
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Numerical simulations were performed for 3 distinct incident speed profiles to follow the influence of 

permeable protection screens on the speed fields in the calculation domains. 

In the numerical simulations the inlet boundaries were entered as incident speed profiles, the results of 

previous calculations, with the power law, for the speeds at the reference height U (10) = 8 m/s, U (10) 

= 12 m/s and U (10) = 16 m/s. These 3 incident wind speed profiles are shown graphically in the 

following figures. 

Figure 1-1 shows the speed profile of the incident wind upstream of the protection screens for the 

exponent α = 0.16 and the reference speed U (10) = 8 m/s. 

 

Fig. 1-1 - The incident wind speed profile upstream of the protection screens for the exponent α = 0.16 and the reference speed 

U(10) = 8m/s 

Figure 1-2 shows the speed profile of the incident wind upstream of the protection screens for the 

exponent α = 0.16 and the reference speed U (10) = 12 m/s. 
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Fig. 1-2 - The incident wind speed profile upstream of the protection screens for the exponent α = 0.16 and the reference speed 

U(10) = 12m/s 

Figure 1-3 shows the speed profile of the incident wind upstream of the protection screens for the 

exponent α = 0.16 and the reference speed U (10) = 16 m/s. 
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Fig. 1-3- The incident wind speed profile upstream of the protection screens for the exponent α = 0.16 and the reference speed 

U(10) = 16m/s 

d. Condition on exit from the computational domain 

To exit the calculation range, the Outlet type condition was chosen, having the pressure set to 0. 

e. Boundary condition for the protection screens 

For the permeable protection screens, the screen-type limit condition was chosen, with a degree of 

permeability of 40%, with the diameter of the wires that make up the screen of 1 mm. 

1.4 Discretization of the computational domain 

For the discretization of the model, COMSOL Multiphysics® software uses different numerical 

techniques depending on the type of simulation studied. The predominant discretization methods are 

based on finite elements. Consequently, the general purpose placement algorithm creates a network with 

appropriate item types to match the associated numerical methods. For example, the default algorithm 

can use a tetrahedral network or a combination of a tetrahedral network and a network for boundary 

condition areas, with a combination of element types, to provide faster and more accurate results. 

As the default element type for most application modes, COMSOL Multiphysics uses second-order 

Lagrange elements or shape functions. These and other higher order elements add additional degrees of 

freedom to the midpoints and inner nodes of the discretized elements. These degrees of freedom offer a 

more precise solution, but also require more memory due to the finesse of the discretized system. For 
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many fields of application, such as the study of loads in structural and solid mechanics, the increased 

accuracy of a second-order element is important. In modeling fluid flow using incompressible Navier-

Stokes equations, a combination of element types that use an element for the higher-order velocity 

component than for the pressure component usually provides the best results. The default element for 

the Navier-Stokes Incompressible application mode is element P2-P1 using second-order elements for 

speed components and linear elements for pressure.  

The discretization used in a fluid flow simulation depends on the flow pattern and the accuracy required 

in the simulation. A fluid flow pattern may inherently require fine discretization to converge, even if the 

results may not properly require high accuracy.  

2. NUMERICAL TESTING, ORDERING, AND CODING OF TESTS 

Numerical tests, a total of 48, were performed for 3 reference wind speeds, for 4 types of protection 

screens assemblies and for 4 downstream sections of the screens. 

2.1 Numerical tests ordening 

The 48 numerical tests (48TN) in this research are ordered as follows: 

- 16 numerical tests grouped in 3 categories of numerical tests CTi, i = 1,2,3 (CT1, CT2, 

CT3), each of these categories corresponding to a reference speed of the upstream incident 

wind, U(10) (U(10)=8 m/s, U(10)=12 m/s, U(10)=16 m/s); 

- each category of numerical CTi tests comprises 4 groups of tests GTi,j (GT1,1...GT3,4); 

each test group corresponds to the number of protection screens (n=1, 2, 3, 4); 

- each group of tests GTi, j comprises 4 numerical tests TNi, j, k, corresponding to the 4 

sections located at the distances dav from the last row of protection screens (dav=2H, dav=4H, 

dav=6H,dav=8H). 

Table 2.1 shows, schematically, the way in which the numerical tests are ordered by reference speeds, 

by the number of protection screens and by the position of the downstream sections.. 

Tab. 2.1. Numerical tests ordering 

Table 2.2 shows the distribution of numerical TN tests related to downstream dav distances, by groups 

of GT tests corresponding to the number of protection screens n and by categories of CT tests related to 

reference speeds U(10). 

 

 

CT- Category 
Tests 

1CT=4GT=16TN 3CT i 
(i=1…3) 

CT1…CT3 3CT=12GT=48TN 

GT- Group 
Tests 

1GT=4TN 12GT i,j  
(i=1…3, j=1…4) 

GT1,1…GT3,4 12GT=48TN 

TN- 

Numerical 
tests 

1TN=1TN 48TN i,j,k (i=1…3, 

j=1…4, k=1…4) 

TN1,1,1…TN3,4,4 48TN=48TN 
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Tab. 2.2. Distribution of TN numerical tests by groups of GT tests and by categories of CT tests 

 

2.2 Coding of numerical tests 

For a better control over the numerical tests performed in this paper, they were coded by a basic code 

(CB) and a code specific to the numerical test performed (CT). 

Basic Code CB :P-H-d-dam      

Ex : CB:40-10-4-2H 

where, 

P – degree of penetrability (P=40 %) 

H – the height of the protection screens (H=10 m) 

d – the distance between the protection screens in the wind direction (d=4 m) 

dam– distance measured upstream of the first row of protective screens at which the incident wind speed 

profile is considered (dam=2H) 

Aerodynamic Test Code (or Test Category) CT:U(10)-n-dav  

Ex : CT:8-2-6H for  U(10)=8 m/s, n=2 rows, dav=6H 

where, 

U(10) – incident wind speed, 10 m from the ground 

n – the number of protection screens 

dav – the distance measured downstream from the last row of protective screens 
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3. RESULTS OF NUMERICAL SIMULATIONS 

In this chapter, the numerical tests performed for 3 reference speeds of the incident wind are presented 

(U(10)=8 m/s, U(10)=12 m/s, U(10)=16 m/s), for 4 types of protection screens (n=1, 2, 3, 4 screens) and 

for 4 downstream sections of the screens (dav=2H, dav=4H, dav=6H,dav=8H). 

3.1 Numerical testing for test category CT1 (U(10)=8m/s) 

3.1.1 Numerical testing for the test group GT1,1 (n=1 screen) from the tests category CT1 

(U(10)=8m/s) 

These numerical tests were performed for the situations included in the group of numerical tests GT1,1 

which refer to the movement of air over a sandy soil provided with 1 row of permeable protective 

screens. (n=1), group belonging to the category of numerical tests CT1 relating to a reference speed 

upstream of the protection screen (U(10)=8 m/s). 

The calculation range corresponding to the GT1,1 numerical test group has a length of 100 m (10H) and 

a height of 20 m. At a distance of 2H = 20 m from the section entering the calculation range there is a 

protection screen with permeability of 40% and with height H = 10 m.  

The following figure shows the diagram of the calculation range in the range of motion for the case of 

the location of n = 1 protection screens (CT1, GT1,1, CB:40-10-4-2H). 

 

 

Fig. 3-1 - Schematic of the computational domain for the case of placing n = 1 protection screens (CT1, GT1,1, CB:40-10-4-2H) 

The calculation domain from the computational domain thus established, was then meshed, generating 

the computing network for calculations, with the COMSOL Multiphysics program at a level of 

discretization that ensures the obtaining of a speed field, on the range of motion, with a convenient 

approximation. 

Figure 3-2 shows the discretization of the computational domain in the area of the protection screens, 

for a number of protection screens n=1 (CT1, GT1,1, CB:40-10-4-2H). 
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Fig. 3-2 - Discretization of the computational domain in the area of the protection screens, for a number of protection screens n=1 

(CT1, GT1,1, CB:40-10-4-2H) 

Applying, on the computational domain, the finite element model COMSOL Multiphysics, the velocity 

range in this calculation field is obtained. 

Figure 3-3 shows the speed field in the computational domain for the reference speed U(10)=8 m/s and 

number of protection screens n=1 (CT1,GT1,1, CB:40-10-4-2H). 

 

Fig. 3-3 - Speed field in the computational domain for the reference speed U(10)=8 m/s and number of protection screens n=1 

(CT1, GT1,1, CB:40-10-4-2H) 

From the speed field corresponding to the test group GT1,1, from the category of tests CT1, the speed 

profiles from 4 sections located at the downstream distances from the protection screens were extracted, 

dav = 2H, dav = 4H, dav = 6H, dav = 8H. These speed profiles were represented up to the height z = 10 m, 

because, for the present research, only the speeds at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 2.00 m are 

concerned, heights at which the phenomenon of sand entrainment produces. 
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The speed profiles in the 4 sections downstream of the protection screen (dav = 2H, dav = 4H, dav = 6H, 

dav = 8H), resulting from the reduction of the incident wind speed, were compared with the power law 

type speed profile in upstream of the protection screens, i.e. at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 

2.00 m. 

Figures 3-4, 3-5, 3-6, 3-7 show the speed profiles U(z) downstream of the screen, for the reference 

speed U(10)=8 m/s and number of protection screens n=1, at distances dav = 2H (CT1, GT1,1, 

TN1,1,1, CB: 40-10-4-2H, CT: 8-1-2H), dav = 4H (CT1, GT1,1 , TN1,1,2, CB:40-10-4-2H, CT:8-1-

4H), dav = 6H (CT1, GT1,1, TN1,1,3, CB:40-10-4-2H, CT: 8-1-6H), dav = 8H (CT1, GT1,1, 

TN1,1,4, CB:40-10-4-2H, CT:8-1-8H), compared to the speed profile of the incident wind. 

 

Fig. 3-4- Speed profile U(z) downstream of the screens, for reference speed U(10)=8m/s and number of protection screens n=1, 

at distance dav=2H (CT1, GT1,1, TN1,1, 1, CB:40-10-4-2H, CT:8-1-2H). Comparison with the incident wind speed profile. 
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Fig. 3-5 - Speed profile U(z) downstream of the screens, for reference speed U(10)=8m/s and number of protection screens n=1, 

at distance dav=4H (CT1, GT1,1, TN1,1, 2, CB:40-10-4-2H, CT:8-1-4H). Comparison with the incident wind speed profile. 

 

 

 

Fig. 3-6 - Speed profile U(z) downstream of the screens, for reference speed U(10)=8m/s and number of protection screens n=1, 

at distance dav=6H (CT1, GT1,1, TN1,1, 3, CB:40-10-4-2H, CT:8-1-6H). Comparison with the incident wind speed profile. 
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Fig. 3-7 - Speed profile U(z) downstream of the screens, for reference speed U(10)=8m/s and number of protection screens n=1, 

at distance dav=8H (CT1, GT1,1, TN1,1, 4, CB:40-10-4-2H, CT:8-1-8H). Comparison with the incident wind speed profile. 

Next, wind speeds were determined at heights z1=0,20 m, z2=1,00 m și z3=2,00 m from the speed 

profiles corresponding to the downstream sections of the protection screens located at distances dav=2H, 

dav=4H, dav=6H,dav=8H. 

Figure 3-8 shows the variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the 

downstream distance dav for the reference speed U(10)=8 m/s and number of protection screens n=1 

(CT1, GT1.1, CB:40-10-4-2H). 
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Fig. 3-8 - Variation of U speeds at heights z1=0,20m, z2=1m and z3=2m, depending on the downstream distance dav for the 

reference speed U(10)=8 m/s and number of protection screens n=1 (CT1, GT1.1, CB:40-10-4-2H) 

 

Then, for heights z1=0,20 m, z2=1,00 m și z3=2,00 m, for the sections downstream of the protection 

screens located at distances dav=2H, dav=4H, dav=6H,dav=8H, the differences were made between the 

speeds on the upstream speed profile located at dam=2H and the speeds from the homologous points on 

the downstream speed profiles, ie ΔU=U(z)am-U(z)av. 

Figure 3-9 shows the variation of the speed decrease ΔU=U(z)am-U(z)av at the heights z1=0,20m,  

z2=1m și z3=2m, depending on the downstream distance dav for the reference speed U(10)=8 m/s and 

number of protective screens n=1 (CT1, GT1,1, CB:40-10-4-2H). 
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Fig. 3-9 - Variation of ΔU=U(z)am-U(z)av speeds at heights z1=0,20m, z2=1m and z3=2m, depending on the downstream 

distance dav for the reference speed U(10)=8 m/s and number of protection screens n=1 (CT1, GT1.1, CB:40-10-4-2H) 

 

3.1.2 Numerical testing for the test group GT1,2 (n=2 screens) from the tests category CT1 

(U(10)=8m/s)) 

These numerical tests were performed for the situations included in the group of numerical tests GT1,2 

which refer to the movement of air over a sandy soil provided with 2 rows of permeable protective 

screens. (n=2), group belonging to the category of numerical tests CT1 relating to a reference speed 

upstream of the protection screen (U(10)=8 m/s). 

The calculation range corresponding to the GT1,2 numerical test group has a length of 100 m (10H) and 

a height of 20 m. At a distance of 2H = 20 m from the section entering the calculation range there are 2 

protection screens with permeability of 40% and with height H = 10 m.  

Figure 3-10 shows the diagram of the calculation range in the range of motion for the case of the 

location of n = 2 protection screens (CT1, GT1,2, CB:40-10-4-2H). 
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Fig. 3-10 - Schematic of the computational domain for the case of placing n = 2 protection screens (CT1, GT1,2, CB:40-10-4-2H) 

The calculation domain from the computational domain thus established, was then meshed, generating 

the computing network for calculations, with the COMSOL Multiphysics program at a level of 

discretization that ensures the obtaining of a speed field, on the range of motion, with a convenient 

approximation 

Figure 3-11 shows the discretization of the computational domain in the area of the protection screens, 

for a number of protection screens n=2 (CT1, GT1,2, CB:40-10-4-2H). 

 

Fig. 3-11 - Discretization of the computational domain in the area of the protection screens, for a number of protection screens n=2 

(CT1, GT1,2, CB:40-10-4-2H) 

Applying, on the computational domain, the finite element model COMSOL Multiphysics, the velocity 

range in this calculation field is obtained. 

Figure 3-12 shows the speed field in the computational domain for the reference speed U(10)=8 m/s and 

number of protection screens n=2 (CT1,GT1,2, CB:40-10-4-2H). 
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Fig. 3-12 - Speed field in the computational domain for the reference speed U(10)=8 m/s and number of protection screens n=2 

(CT1, GT1,2, CB:40-10-4-2H) 

From the speed field corresponding to the test group GT1,2, from the category of tests CT1, the speed 

profiles from 4 sections located at the downstream distances from the protection screens were extracted, 

dav = 2H, dav = 4H, dav = 6H, dav = 8H. These speed profiles were represented up to the height z = 10 m, 

because, for the present research, only the speeds at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 2.00 m are 

concerned, heights at which the phenomenon of sand entrainment produces. 

The speed profiles in the 4 sections downstream of the protection screens (dav = 2H, dav = 4H, dav = 6H, 

dav = 8H), resulting from the reduction of the incident wind speed, were compared with the power law 

type speed profile in upstream of the protection screens, i.e. at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 

2.00 m. 

Figures 3-13, 3-14, 3-15, 3-16 show the speed profiles U(z) downstream of the screens, for the reference 

speed U(10)=8 m/s and number of protection screens n=2, at distances dav = 2H (CT1, GT1,2, 

TN1,2,1, CB: 40-10-4-2H, CT: 8-2-2H), dav = 4H (CT1, GT1,2 , TN1,2,2, CB:40-10-4-2H, CT:8-2-

4H), dav = 6H (CT1, GT1,2, TN1,2,3, CB:40-10-4-2H, CT:8-2-6H), dav = 8H (CT1, GT1,2, TN1,2,4, 

CB:40-10-4-2H, CT:8-2-8H), compared to the speed profile of the incident wind. 
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Fig. 3-13 - Speed profile U(z) downstream of the screens, for reference speed U(10)=8m/s and number of protection screens n=2, at 

distance dav=2H (CT1, GT1,2, TN1,2,1, CB:40-10-4-2H, CT:8-2-2H). Comparison with the incident wind speed profile. 
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Fig. 3-14 - Speed profile U(z) downstream of the screens, for reference speed U(10)=8m/s and number of protection screens n=2, at 

distance dav=4H (CT1, GT1,2, TN1,2,2, CB:40-10-4-2H, CT:8-2-4H). Comparison with the incident wind speed profile. 

 

 

Fig. 3-15 - Speed profile U(z) downstream of the screens, for reference speed U(10)=8m/s and number of protection screens n=2, at 

distance dav=6H (CT1, GT1,2, TN1,2,3, CB:40-10-4-2H, CT:8-2-6H). Comparison with the incident wind speed profile. 
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Fig. 3-16 - Speed profile U(z) downstream of the screens, for reference speed U(10)=8m/s and number of protection screens n=2, at 

distance dav=4H (CT1, GT1,2, TN1,2,4, CB:40-10-4-2H, CT:8-2-8H). Comparison with the incident wind speed profile. 

Next, wind speeds were determined at heights z1=0,20 m, z2=1,00 m și z3=2,00 m from the speed 

profiles corresponding to the downstream sections of the protection screens located at distances dav=2H, 

dav=4H, dav=6H,dav=8H. 

Figure 3-17 shows the variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the 

downstream distance dav for the reference speed U(10)=8 m/s and number of protection screens n=2 

(CT1, GT1.2, CB:40-10-4-2H). 
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Fig. 3-17 - Variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance dav for the 

reference speed U(10)=8 m/s and number of protection screens n=2 (CT1, GT1.2, CB:40-10-4-2H) 

Then, for heights z1=0,20 m, z2=1,00 m și z3=2,00 m, for the sections downstream of the 

protection screens located at distances dav=2H, dav=4H, dav=6H,dav=8H, the differences were made 

between the speeds on the upstream speed profile located at dam=2H and the speeds from the 

homologous points on the downstream speed profiles, ie ΔU=U(z)am-U(z)av. 

Figure 3-18 shows the variation of the speed decrease ΔU=U(z)am-U(z)av at the heights z1=0,20m,  

z2=1m și z3=2m, depending on the downstream distance dav for the reference speed U(10)=8 m/s and 

number of protective screens n=2 (CT1, GT1,2, CB:40-10-4-2H). 
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Fig. 3-18 - Variația scăderii de viteză ΔU=U(z)am-U(z)av la înălțimile z1=0,20 m, z2=1m și z3=2m, funcție de distanța aval dav 

pentru viteza de referință U(10)=8 m/s și număr de ecrane de protecție n=2 (CT1,GT1,2, CB:40-10-4-2H) 

1.00

1.50

2.00

2.50

3.00

dav=2H dav=4H dav=6H dav=8H

U
(z

1)
m

in
.a

n
tr

.[
m

/s
]

dav [nr.H]

z1

z2

z3



  

 

 

 

Page 26 of 93 

 

3.1.3 Numerical testing for the test group GT1,3 (n=3 screens) from the tests category CT1 

(U(10)=8 m/s) 

These numerical tests were performed for the situations included in the group of numerical tests GT1,3 

which refer to the movement of air over a sandy soil provided with 3 rows of permeable protective 

screens. (n=3), group belonging to the category of numerical tests CT1 relating to a reference speed 

upstream of the protection screen (U(10)=8 m/s). 

The calculation range corresponding to the GT1,3 numerical test group has a length of 100 m (10H) and 

a height of 20 m. At a distance of 2H = 20 m from the section entering the calculation range there is a 

protection screen with permeability of 40% and with height H = 10 m.  

Figure 3-19 shows the diagram of the calculation range in the range of motion for the case of the 

location of n = 3 protection screens (CT1, GT1,3, CB:40-10-4-2H). 

 

Fig. 3-19 - Schematic of the computational domain for the case of placing n = 3 protection screens (CT1, GT1,3, CB:40-10-4-2H) 

The calculation domain from the computational domain thus established, was then meshed, generating 

the computing network for calculations, with the COMSOL Multiphysics program at a level of 

discretization that ensures the obtaining of a speed field, on the range of motion, with a convenient 

approximation. 

Figure 3-20 shows the discretization of the computational domain in the area of the protection screens, 

for a number of protection screens n=3 (CT1, GT1,3, CB:40-10-4-2H). 



  

 

 

 

Page 27 of 93 

 

 

Fig. 3-20 - Discretization of the computational domain in the area of the protection screens, for a number of protection screens n=3 

(CT1, GT1,3, CB:40-10-4-2H) 

Applying, on the computational domain, the finite element model COMSOL Multiphysics, the velocity 

range in this calculation field is obtained. 

Figure 3-21 shows the speed field in the computational domain for the reference speed U(10)=8 m/s and 

number of protection screens n=3 (CT1,GT1,3, CB:40-10-4-2H). 

 

Fig. 3-21 - Speed field in the computational domain for the reference speed U(10)=8 m/s and number of protection screens n=3 

(CT1,GT1,3, CB:40-10-4-2H) 

From the speed field corresponding to the test group GT1,3, from the category of tests CT1, the speed 

profiles from 4 sections located at the downstream distances from the protection screens were extracted, 

dav = 2H, dav = 4H, dav = 6H, dav = 8H. These speed profiles were represented up to the height z = 10 m, 

because, for the present research, only the speeds at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 2.00 m are 

concerned, heights at which the phenomenon of sand entrainment produces. 
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The speed profiles in the 4 sections downstream of the protection screens (dav = 2H, dav = 4H, dav = 6H, 

dav = 8H), resulting from the reduction of the incident wind speed, were compared with the power law 

type speed profile in upstream of the protection screens, i.e. at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 

2.00 m. 

Figures 3-22, 3-23, 3-24, 3-25 show the speed profiles U(z) downstream of the screens, for the reference 

speed U(10)=8 m/s and number of protection screens n=3, at distances dav = 2H (CT1, GT1,3, 

TN1,3,1, CB: 40-10-4-2H, CT:8-3-2H), dav = 4H (CT1, GT1,3 , TN1,3,2, CB:40-10-4-2H, CT:8-3-

4H), dav = 6H (CT1, GT1,3, TN1,3,3, CB:40-10-4-2H, CT:8-3-6H), dav = 8H (CT1, GT1,3, TN1,3,4, 

CB:40-10-4-2H, CT:8-3-8H), compared to the speed profile of the incident wind. 

 

 

Fig. 3-22 - Speed profile U(z) downstream of the screens, for reference speed U(10)=8m/s and number of protection screens n=3, at 

distance dav= 2H (CT1,GT1,3, TN1,3,1,CB:40-10-4-2H, CT:8-3-2H). Comparison with the incident wind speed profile. 
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Fig. 3-23 - Speed profile U(z) downstream of the screens, for reference speed U(10)=8m/s and number of protection screens n=3, at 

distance dav= 4H (CT1,GT1,3, TN1,3,2,CB:40-10-4-2H, CT:8-3-4H). Comparison with the incident wind speed profile. 

 

 

Fig. 3-24 - Speed profile U(z) downstream of the screens, for reference speed U(10)=8m/s and number of protection screens n=3, at 

distance dav= 6H (CT1,GT1,3, TN1,3,3, CB:40-10-4-2H, CT:8-3-6H). Comparison with the incident wind speed profile. 

 

0

1

2

3

4

5

6

7

8

9

10

0 2 4 6 8 10

z
[m

]

U(z) [m/s]

Profil viteza amonte Profil viteza aval dav=4H

0

1

2

3

4

5

6

7

8

9

10

0 2 4 6 8 10

z
[m

]

U(z) [m/s]

Profil de viteza amonte Profil de viteza aval dav=6H



  

 

 

 

Page 30 of 93 

 

 

Fig. 3-25 - Speed profile U(z) downstream of the screens, for reference speed U(10)=8m/s and number of protection screens n=3, at 

distance dav= 8H (CT1,GT1,3, TN1,3,4,CB:40-10-4-2H, CT:8-3-8H). Comparison with the incident wind speed profile. 

Next, wind speeds were determined at heights z1=0,20 m, z2=1,00 m și z3=2,00 m from the speed 

profiles corresponding to the downstream sections of the protection screens located at distances dav=2H, 

dav=4H, dav=6H,dav=8H. 

Figure 3-26 shows the variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the 

downstream distance dav for the reference speed U(10)=8 m/s and number of protection screens n=3 

(CT1, GT1.3, CB:40-10-4-2H). 
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Fig. 3-26 - Variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance dav for the 

reference speed U(10)=8 m/s and number of protection screens n=3 (CT1,GT1,3, CB:40-10-4-2H) 

Then, for heights z1=0,20 m, z2=1,00 m și z3=2,00 m, for the sections downstream of the 

protection screens located at distances dav=2H, dav=4H, dav=6H,dav=8H, the differences were made 

between the speeds on the upstream speed profile located at dam=2H and the speeds from the 

homologous points on the downstream speed profiles, ie ΔU=U(z)am-U(z)av. 

Figure 3-27 shows the variation of the speed decrease ΔU=U(z)am-U(z)av at the heights z1=0,20m,  

z2=1m și z3=2m, depending on the downstream distance dav for the reference speed U(10)=8 m/s and 

number of protective screens n=3 (CT1, GT1,3, CB:40-10-4-2H). 

 

Fig. 3-27 - Variation of ΔU=U(z)am-U(z)av speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance 

dav for the reference speed U(10)=8 m/s and number of protection screens n=3 (CT1,GT1,3, CB:40-10-4-2H) 
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3.1.4 Numerical testing for the test group GT1,4 (n=4 screens) from the tests category CT1 

(U(10)=8 m/s) 

These numerical tests were performed for the situations included in the group of numerical tests GT1,4 

which refer to the movement of air over a sandy soil provided with 4 rows of permeable protective 

screens. (n=4), group belonging to the category of numerical tests CT1 relating to a reference speed 

upstream of the protection screen (U(10)=8 m/s). 

The calculation range corresponding to the GT1,4 numerical test group has a length of 100 m (10H) and 

a height of 20 m. At a distance of 2H = 20 m from the section entering the calculation range there is a 

protection screen with permeability of 40% and with height H = 10 m. 

Figure 3-28 shows the diagram of the calculation range in the range of motion for the case of the 

location of n = 4 protection screens (CT1, GT1,4, CB:40-10-4-2H). 

 
Fig. 3-28 - Schematic of the computational domain for the case of placing n = 4 protection screens (CT1, GT1,4, CB:40-10-4-2H) 

The calculation domain from the computational domain thus established, was then meshed, generating 

the computing network for calculations, with the COMSOL Multiphysics program at a level of 

discretization that ensures the obtaining of a speed field, on the range of motion, with a convenient 

approximation. 

Figure 3-29 shows the discretization of the computational domain in the area of the protection screens, 

for a number of protection screens n=4 (CT1, GT1,4, CB:40-10-4-2H). 
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Fig. 3-29 - Discretization of the computational domain in the area of the protection screens, for a number of protection screens n=4 

(CT1, GT1,4, CB:40-10-4-2H) 

Applying, on the computational domain, the finite element model COMSOL Multiphysics, the velocity 

range in this calculation field is obtained. 

Figure 3-30 shows the speed field in the computational domain for the reference speed U(10)=8 m/s and 

number of protection screens n=4 (CT1,GT1,4, CB:40-10-4-2H). 

 
Fig. 3-30 - Speed field in the computational domain for the reference speed U(10)=8 m/s and number of protection screens n=4 

(CT1,GT1,4, CB:40-10-4-2H) 

From the speed field corresponding to the test group GT1,4, from the category of tests CT1, the speed 

profiles from 4 sections located at the downstream distances from the protection screens were extracted, 

dav = 2H, dav = 4H, dav = 6H, dav = 8H. These speed profiles were represented up to the height z = 10 m, 

because, for the present research, only the speeds at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 2.00 m are 

concerned, heights at which the phenomenon of sand entrainment produces. 
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 The speed profiles in the 4 sections downstream of the protection screens (dav = 2H, dav = 4H, 

dav = 6H, dav = 8H), resulting from the reduction of the incident wind speed, were compared with the 

power law type speed profile in upstream of the protection screens, i.e. at heights z1 = 0.20 m, z2 = 1.00 

m and z3 = 2.00 m. 

Figures 3-31, 3-32, 3-33 , 3-34 show the speed profiles U(z) downstream of the screens, for the 

reference speed U(10)=8 m/s and number of protection screens n=4, at distances dav= 2H (CT1,GT1,4, 

TN1,4,1,CB:40-10-4-2H, CT:8-4-2H), dav= 4H(CT1,GT1,4, TN1,4,2,CB:40-10-4-2H, CT:8-4-4H), 

dav= 6H (CT1,GT1,4, TN1,4,3, CB:40-10-4-2H, CT:8-4-6H), dav= 8H (CT1,GT1,4, TN1,3,4,CB:40-

10-4-2H, CT:8-4-8H), compared to the speed profile of the incident wind. 

 
Fig. 3-31 - Speed profile U(z) downstream of the screens, for reference speed U(10)=8m/s and number of protection screens n=4, at 

distance dav= 2H (CT1,GT1,4, TN1,4,1,CB:40-10-4-2H, CT:8-4-2H). Comparison with the incident wind speed profile. 
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Fig. 3-32 - Speed profile U(z) downstream of the screens, for reference speed U(10)=8m/s and number of protection screens n=4, at 

distance dav = 4H (CT1,GT1,4, TN1,4,2,CB:40-10-4-2H, CT:8-4-4H). Comparison with the incident wind speed profile. 

 

 
Fig. 3-33 - Speed profile U(z) downstream of the screens, for reference speed U(10)=8m/s and number of protection screens n=4, at 

distance dav= 6H (CT1,GT1,4, TN1,4,3, CB:40-10-4-2H, CT:8-4-6H). Comparison with the incident wind speed profile. 
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Fig. 3-34 - Speed profile U(z) downstream of the screens, for reference speed U(10)=8m/s and number of protection screens n=4, at 

distance dav= 8H (CT1,GT1,4, TN1,4,4,CB:40-10-4-2H, CT:8-4-8H). Comparison with the incident wind speed profile. 

Next, wind speeds were determined at heights z1=0,20 m, z2=1,00 m și z3=2,00 m from the speed 

profiles corresponding to the downstream sections of the protection screens located at distances dav=2H, 

dav=4H, dav=6H,dav=8H. 

Figure 3-35 shows the variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the 

downstream distance dav for the reference speed U(10)=8 m/s and number of protection screens n=4 

(CT1,GT1,4, CB:40-10-4-2H). 
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Fig. 3-35 - Variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance dav for the 

reference speed U(10)=8 m/s and number of protection screens n=4 (CT1,GT1,4, CB:40-10-4-2H) 

Then, for heights z1=0,20 m, z2=1,00 m și z3=2,00 m, for the sections downstream of the protection 

screens located at distances dav=2H, dav=4H, dav=6H,dav=8H, the differences were made between the 

speeds on the upstream speed profile located at dam=2H and the speeds from the homologous points on 

the downstream speed profiles, ie ΔU=U(z)am-U(z)av. 

Figure 3-36 shows the variation of the speed decrease ΔU=U(z)am-U(z)av at the heights z1=0,20m,  

z2=1m și z3=2m, depending on the downstream distance dav for the reference speed U(10)=8 m/s and 

number of protective screens n=4 (CT1,GT1,4, CB:40-10-4-2H). 

 
Fig. 3-36 - Variation of ΔU=U(z)am-U(z)av speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance 

dav for the reference speed U(10)=8 m/s and number of protection screens n=4 (CT1,GT1,4, CB:40-10-4-2H) 
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3.2 Numerical testing for test category CT2 (U(10)=12 m/s) 

3.2.1 Numerical testing for the test group GT2,1 (n=1 screen) from the tests category CT2 

(U(10)=12 m/s) 

These numerical tests were performed for the situations included in the group of numerical tests GT2,1 

which refer to the movement of air over a sandy soil provided with 1 row of permeable protective 

screens. (n=1), group belonging to the category of numerical tests CT2 relating to a reference speed 

upstream of the protection screen (U(10)=12 m/s). 

The calculation range corresponding to the GT2,1 numerical test group has a length of 100 m (10H) and 

a height of 20 m. At a distance of 2H = 20 m from the section entering the calculation range there is a 

protection screen with permeability of 40% and with height H = 10 m. 

Figure 3-37 shows the diagram of the calculation range in the range of motion for the case of the 

location of n = 1 protection screens (CT2, GT2,1, CB:40-10-4-2H). 

 

Fig. 3-37 - Schematic of the computational domain for the case of placing n = 1 protection screens (CT2, GT2,1, CB:40-10-4-2H) 

The calculation domain from the computational domain thus established, was then meshed, generating 

the computing network for calculations, with the COMSOL Multiphysics program at a level of 

discretization that ensures the obtaining of a speed field, on the range of motion, with a convenient 

approximation. 

Figure 3-38 shows the discretization of the computational domain in the area of the protection screens, 

for a number of protection screens n=1 (CT2, GT2,1, CB:40-10-4-2H). 
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Fig. 3-38 - Discretization of the computational domain in the area of the protection screens, for a number of protection screens n=1 

(CT2, GT2,1, CB:40-10-4-2H) 

Applying, on the computational domain, the finite element model COMSOL Multiphysics, the velocity 

range in this calculation field is obtained. 

Figure 3-39 shows the speed field in the computational domain for the reference speed U(10)=12 m/s 

and number of protection screens n=1(CT2,GT2,1, CB:40-10-4-2H). 

 

Fig. 3-39 - Speed field in the computational domain for the reference speed U(10)=12 m/s and number of protection screens n=1 

(CT2,GT2,1, CB:40-10-4-2H) 

From the speed field corresponding to the test group GT2,1, from the category of tests CT2, the speed 

profiles from 4 sections located at the downstream distances from the protection screens were extracted, 

dav = 2H, dav = 4H, dav = 6H, dav = 8H. These speed profiles were represented up to the height z = 10 m, 

because, for the present research, only the speeds at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 2.00 m are 

concerned, heights at which the phenomenon of sand entrainment produces. 
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The speed profiles in the 4 sections downstream of the protection screens (dav = 2H, dav = 4H, dav = 6H, 

dav = 8H), resulting from the reduction of the incident wind speed, were compared with the power law 

type speed profile in upstream of the protection screens, i.e. at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 

2.00 m. 

Figures 3-40, 3-41, 3-42, 3-43 show the speed profiles U(z) downstream of the screens, for the reference 

speed U(10)=12 m/s and number of protection screens n=1, at distances dav= 2H (CT2,GT2,1, 

TN2,1,1,CB:40-10-4-2H, CT:12-1-2H), dav= 4H (CT2,GT2,1, TN2,1,2,CB:40-10-4-2H, CT:12-1-4H), 

dav= 6H (CT2,GT2,1, TN2,1,3, CB:40-10-4-2H, CT:12-1-6H), dav= 8H (CT2,GT2,1, TN2,1,4,CB:40-

10-4-2H, CT:12-1-8H), compared to the speed profile of the incident wind. 

 

Fig. 3-40 - Speed profile U(z) downstream of the screens, for reference speed U(10)=12 m/s and number of protection screens n=1, 

at distance dav= 2H (CT2,GT2,1, TN2,1,1,CB:40-10-4-2H, CT:12-1-2H). Comparison with the incident wind speed profile. 
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Fig. 3-41 - Speed profile U(z) downstream of the screens, for reference speed U(10)=12 m/s and number of protection screens n=1, 

at distance dav= 4H (CT2,GT2,1, TN2,1,2,CB:40-10-4-2H, CT:12-1-4H). Comparison with the incident wind speed profile. 

 

 

Fig. 3-42 - Speed profile U(z) downstream of the screens, for reference speed U(10)=12 m/s and number of protection screens n=1, 

at distance dav= 6H (CT2,GT2,1, TN2,1,3, CB:40-10-4-2H, CT:12-1-6H). Comparison with the incident wind speed profile. 
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Fig. 3-43 - Speed profile U(z) downstream of the screens, for reference speed U(10)=12 m/s and number of protection screens n=1, 

at distance dav= 8H (CT2,GT2,1, TN2,1,4,CB:40-10-4-2H, CT:12-1-8H). Comparison with the incident wind speed profile. 

Next, wind speeds were determined at heights z1=0,20 m, z2=1,00 m și z3=2,00 m from the speed 

profiles corresponding to the downstream sections of the protection screens located at distances dav=2H, 

dav=4H, dav=6H,dav=8H. 

Figure 3-44 shows the variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the 

downstream distance dav for the reference speed U(10)=12 m/s and number of protection screens n=1 

(CT2,GT2,1, CB:40-10-4-2H). 
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Fig. 3-44 - Variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance dav for the 

reference speed U(10)=12 m/ and number of protection screens n=1 (CT2,GT2,1, CB:40-10-4-2H) 

Then, for heights z1=0,20 m, z2=1,00 m și z3=2,00 m, for the sections downstream of the protection 

screens located at distances dav=2H, dav=4H, dav=6H,dav=8H, the differences were made between the 

speeds on the upstream speed profile located at dam=2H and the speeds from the homologous points on 

the downstream speed profiles, ie ΔU=U(z)am-U(z)av. 

Figure 3-45 shows the variation of the speed decrease ΔU=U(z)am-U(z)av at the heights z1=0,20m,  

z2=1m și z3=2m, depending on the downstream distance dav for the reference speed U(10)=12 m/s and 

number of protective screens n=1 (CT2,GT2,1, CB:40-10-4-2H). 

 

Fig. 3-45 - Variation of ΔU=U(z)am-U(z)av speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance 

dav for the reference speed U(10)=12 m/s and number of protection screens n=1 (CT2,GT2,1, CB:40-10-4-2H)  
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3.2.2 Numerical testing for the test group GT2,2 (n=2 screens) from the tests category CT2 

(U(10)=12 m/s) 

These numerical tests were performed for the situations included in the group of numerical tests GT2,2 

which refer to the movement of air over a sandy soil provided with 2 rows of permeable protective 

screens. (n=2), group belonging to the category of numerical tests CT2 relating to a reference speed 

upstream of the protection screen (U(10)=12 m/s). 

The calculation range corresponding to the GT2,2 numerical test group has a length of 100 m (10H) and 

a height of 20 m. At a distance of 2H = 20 m from the section entering the calculation range there is a 

protection screen with permeability of 40% and with height H = 10 m.  

Figure 3-46 shows the diagram of the calculation range in the range of motion for the case of the 

location of n=2 protection screens (CT2, GT2,2, CB:40-10-4-2H). 

 

Fig. 3-46 - Schematic of the computational domain for the case of placing n = 1 protection screens (CT2, GT2,2, CB:40-10-4-2H) 

The calculation domain from the computational domain thus established, was then meshed, generating 

the computing network for calculations, with the COMSOL Multiphysics program at a level of 

discretization that ensures the obtaining of a speed field, on the range of motion, with a convenient 

approximation. 

Figure 3-47 shows the discretization of the computational domain in the area of the protection screens, 

for a number of protection screens n=2 (CT2, GT2,2, CB:40-10-4-2H). 
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Fig. 3-47 - Discretization of the computational domain in the area of the protection screens, for a number of protection screens n=2 

(CT2, GT2,2, CB:40-10-4-2H) 

Applying, on the computational domain, the finite element model COMSOL Multiphysics, the velocity 

range in this calculation field is obtained. 

Figure 3-48 shows the speed field in the computational domain for the reference speed U(10)=12 m/s 

and number of protection screens n=2 (CT2,GT2,2, CB:40-10-4-2H). 

 

Fig. 3-48 - Speed field in the computational domain for the reference speed U(10)=12 m/s and number of protection screens n=2 

(CT2,GT2,2, CB:40-10-4-2H) 

From the speed field corresponding to the test group GT2,2, from the category of tests CT2, the speed 

profiles from 4 sections located at the downstream distances from the protection screens were extracted, 

dav = 2H, dav = 4H, dav = 6H, dav = 8H. These speed profiles were represented up to the height z = 10 m, 

because, for the present research, only the speeds at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 2.00 m are 

concerned, heights at which the phenomenon of sand entrainment produces. 
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The speed profiles in the 4 sections downstream of the protection screens (dav = 2H, dav = 4H, dav = 6H, 

dav = 8H), resulting from the reduction of the incident wind speed, were compared with the power law 

type speed profile in upstream of the protection screens, i.e. at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 

2.00 m. 

Figures 3-49, 3-50, 3-51, 3-52 show the speed profiles U(z) downstream of the screens, for the reference 

speed U(10)=12 m/s and number of protection screens n=2, at distances dav= 2H (CT2,GT2,2, 

TN2,2,1,CB:40-10-4-2H, CT:12-2-2H), dav= 4H (CT2,GT2,2, TN2,2,2,CB:40-10-4-2H, CT:12-2-4H), 

dav= 6H (CT2,GT2,2, TN2,2,3, CB:40-10-4-2H, CT:12-2-6H), dav= 8H (CT2,GT2,2, TN2,2,4,CB:40-

10-4-2H, CT:12-2-8H), compared to the speed profile of the incident wind. 

 

Fig. 3-49 - Speed profile U(z) downstream of the screens, for reference speed U(10)=12 m/s and number of protection screens n=2, 

at distance dav= 2H (CT2,GT2,2, TN2,2,1,CB:40-10-4-2H, CT:12-2-2H). Comparison with the incident wind speed profile. 
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Fig. 3-50 - Speed profile U(z) downstream of the screens, for reference speed U(10)=12 m/s and number of protection screens n=2, 

at distance dav= 4H (CT2,GT2,2, TN2,2,2,CB:40-10-4-2H, CT:12-2-4H). Comparison with the incident wind speed profile. 

 

 

Fig. 3-51 - Speed profile U(z) downstream of the screens, for reference speed U(10)=12 m/s and number of protection screens n=2, 

at distance dav= 6H (CT2,GT2,2, TN2,2,3, CB:40-10-4-2H, CT:12-2-6H). Comparison with the incident wind speed profile. 
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Fig. 3-52 - Speed profile U(z) downstream of the screens, for reference speed U(10)=12 m/s and number of protection screens n=2, 

at distance dav= 8H (CT2,GT2,2, TN2,2,4,CB:40-10-4-2H, CT:12-2-8H). Comparison with the incident wind speed profile. 

Next, wind speeds were determined at heights z1=0,20 m, z2=1,00 m și z3=2,00 m from the speed 

profiles corresponding to the downstream sections of the protection screens located at distances dav=2H, 

dav=4H, dav=6H,dav=8H. 

Figure 3-53 shows the variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the 

downstream distance dav for the reference speed U(10)=12 m/s and number of protection screens n=2 

(CT2,GT2,2, CB:40-10-4-2H). 
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Fig. 3-53 - Variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance dav for the 

reference speed U(10)=12 m/s and number of protection screens n=2 (CT2,GT2,2, CB:40-10-4-2H) 

Then, for heights z1=0,20 m, z2=1,00 m și z3=2,00 m, for the sections downstream of the protection 

screens located at distances dav=2H, dav=4H, dav=6H,dav=8H, the differences were made between the 

speeds on the upstream speed profile located at dam=2H and the speeds from the homologous points on 

the downstream speed profiles, ie ΔU=U(z)am-U(z)av. 

Figure 3-54 shows the variation of the speed decrease ΔU=U(z)am-U(z)av at the heights z1=0,20m,  

z2=1m și z3=2m, depending on the downstream distance dav for the reference speed U(10)=12 m/s and 

number of protective screens n=2 (CT2,GT2,2, CB:40-10-4-2H). 

 

Fig. 3-54 - Variation of ΔU=U(z)am-U(z)av speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance 

dav for the reference speed U(10)=12 m/s and number of protection screens n=2 (CT2,GT2,2, CB:40-10-4-2H) 
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3.2.3 Numerical testing for the test group GT2,3 (n=3 screens) from the tests category CT2 

(U(10)=12 m/s) 

These numerical tests were performed for the situations included in the group of numerical tests GT2,3 

which refer to the movement of air over a sandy soil provided with 3 rows of permeable protective 

screens. (n=3), group belonging to the category of numerical tests CT2 relating to a reference speed 

upstream of the protection screen (U(10)=12 m/s). 

The calculation range corresponding to the GT2,3 numerical test group has a length of 100 m (10H) and 

a height of 20 m. At a distance of 2H = 20 m from the section entering the calculation range there is a 

protection screen with permeability of 40% and with height H = 10 m. 

Figure 3-55 shows the diagram of the calculation range in the range of motion for the case of the 

location of n=3 protection screens (CT2, GT2,3, CB:40-10-4-2H). 

 
Fig. 3-55 - Schematic of the computational domain for the case of placing n = 2 protection screens (CT2, GT2,3, CB:40-10-4-2H) 

The calculation domain from the computational domain thus established, was then meshed, generating 

the computing network for calculations, with the COMSOL Multiphysics program at a level of 

discretization that ensures the obtaining of a speed field, on the range of motion, with a convenient 

approximation. 

Figure 3-56 shows the discretization of the computational domain in the area of the protection screens, 

for a number of protection screens n=3 (CT2, GT2,3, CB:40-10-4-2H). 
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Fig. 3-56 - Discretization of the computational domain in the area of the protection screens, for a number of protection screens n=3 

(CT2, GT2,3, CB:40-10-4-2H) 

Applying, on the computational domain, the finite element model COMSOL Multiphysics, the velocity 

range in this calculation field is obtained. 

Figure 3-57 shows the speed field in the computational domain for the reference speed U(10)=12 m/s 

and number of protection screens n=3 (CT2,GT2,3, CB:40-10-4-2H). 

 
Fig. 3-57 - Speed field in the computational domain for the reference speed U(10)=12 m/s and number of protection screens n=3 

(CT2,GT2,3, CB:40-10-4-2H) 

From the speed field corresponding to the test group GT2,3, from the category of tests CT2, the speed 

profiles from 4 sections located at the downstream distances from the protection screens were extracted, 

dav = 2H, dav = 4H, dav = 6H, dav = 8H. These speed profiles were represented up to the height z = 10 m, 

because, for the present research, only the speeds at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 2.00 m are 

concerned, heights at which the phenomenon of sand entrainment produces. 
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The speed profiles in the 4 sections downstream of the protection screens (dav = 2H, dav = 4H, dav = 6H, 

dav = 8H), resulting from the reduction of the incident wind speed, were compared with the power law 

type speed profile in upstream of the protection screens, i.e. at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 

2.00 m. 

Figures 3-58, 3-59, 3-60, 3-61 show the speed profiles U(z) downstream of the screens, for the reference 

speed U(10)=12 m/s and number of protection screens n=3, at distances dav= 2H (CT2,GT2,3, 

TN2,3,1,CB:40-10-4-2H, CT:12-3-2H), dav= 4H (CT2,GT2,3, TN2,3,2,CB:40-10-4-2H, CT:12-3-4H), 

dav= 6H (CT2,GT2,3, TN2,3,3, CB:40-10-4-2H, CT:12-3-6H), dav= 8H (CT2,GT2,3, TN2,3,4,CB:40-

10-4-2H, CT:12-3-8H), compared to the speed profile of the incident wind. 

 
Fig. 3-58 - Speed profile U(z) downstream of the screens, for reference speed U(10)=12 m/s and number of protection screens n=3, 

at distance dav= 2H (CT2,GT2,3, TN2,3,1,CB:40-10-4-2H, CT:12-3-2H). Comparison with the incident wind speed profile. 
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Fig. 3-59 - Speed profile U(z) downstream of the screens, for reference speed U(10)=12 m/s and number of protection screens n=3, 

at distance dav= 4H (CT2,GT2,3, TN2,3,2,CB:40-10-4-2H, CT:12-3-4H). Comparison with the incident wind speed profile. 

 

 

Fig. 3-60 - Speed profile U(z) downstream of the screens, for reference speed U(10)=12 m/s and number of protection screens n=3, 

at distance dav= 6H (CT2,GT2,3, TN2,3,3, CB:40-10-4-2H, CT:12-3-6H). Comparison with the incident wind speed profile. 
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Fig. 3-61 - Speed profile U(z) downstream of the screens, for reference speed U(10)=12 m/s and number of protection screens n=3, 

at distance dav= 8H (CT2,GT2,3, TN2,3,4,CB:40-10-4-2H, CT:12-3-8H). Comparison with the incident wind speed profile. 

Next, wind speeds were determined at heights z1=0,20 m, z2=1,00 m și z3=2,00 m from the speed 

profiles corresponding to the downstream sections of the protection screens located at distances dav=2H, 

dav=4H, dav=6H,dav=8H. 

Figure 3-62 shows the variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the 

downstream distance dav for the reference speed U(10)=12 m/s and number of protection screens n=3 

(CT2,GT2,3, CB:40-10-4-2H). 
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Fig. 3-62 - Variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance dav for the 

reference speed U(10)=12 m/s and number of protection screens n=3 (CT2,GT2,3, CB:40-10-4-2H) 

Then, for heights z1=0,20 m, z2=1,00 m și z3=2,00 m, for the sections downstream of the protection 

screens located at distances dav=2H, dav=4H, dav=6H,dav=8H, the differences were made between the 

speeds on the upstream speed profile located at dam=2H and the speeds from the homologous points on 

the downstream speed profiles, ie ΔU=U(z)am-U(z)av. 

Figure 3-63 shows the variation of the speed decrease ΔU=U(z)am-U(z)av at the heights z1=0,20m,  

z2=1m și z3=2m, depending on the downstream distance dav for the reference speed U(10)=12 m/s and 

number of protection screens n=3 (CT2,GT2,3, CB:40-10-4-2H). 

 

Fig. 3-63 - Variation of ΔU=U(z)am-U(z)av speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance 

dav for the reference speed U(10)=12 m/s and number of protection screens n=3 (CT2,GT2,3, CB:40-10-4-2H) 
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3.2.4 Numerical testing for the test group GT2,4 (n=4 screens) from the tests category CT2 

(U(10)=12 m/s) 

These numerical tests were performed for the situations included in the group of numerical tests GT2,4 

which refer to the movement of air over a sandy soil provided with 4 rows of permeable protective 

screens. (n=4), group belonging to the category of numerical tests CT2 relating to a reference speed 

upstream of the protection screen (U(10)=12 m/s). 

The calculation range corresponding to the GT2,4 numerical test group has a length of 100 m (10H) and 

a height of 20 m. At a distance of 2H = 20 m from the section entering the calculation range there is a 

protection screen with permeability of 40% and with height H = 10 m.  

Figure 3-64 shows the diagram of the calculation range in the range of motion for the case of the 

location of n=4 protection screens (CT2, GT2,4, CB:40-10-4-2H). 

 

Fig. 3-64 - Schematic of the computational domain for the case of placing a n=4 protection screens (CT2, GT2,4, CB:40-10-4-2H) 

The calculation domain from the computational domain thus established, was then meshed, generating 

the computing network for calculations, with the COMSOL Multiphysics program at a level of 

discretization that ensures the obtaining of a speed field, on the range of motion, with a convenient 

approximation. 

Figure 3-65 shows the discretization of the computational domain in the area of the protection screens, 

for a number of protection screens n=4 (CT2, GT2,4, CB:40-10-4-2H). 
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Fig. 3-65 - Discretization of the computational domain in the area of the protection screens, for a number of protection screens n=4 

(CT2, GT2,4, CB:40-10-4-2H) 

Applying, on the computational domain, the finite element model COMSOL Multiphysics, the velocity 

range in this calculation field is obtained. 

Figure 3-66 shows the speed field in the computational domain for the reference speed U(10)=12 m/s 

and number of protection screens n=4 (CT2,GT2,4, CB:40-10-4-2H). 

 

Fig. 3-66 - Speed field in the computational domain for the reference speed U(10)=12 m/s and number of protection screens n=4 

(CT2,GT2,4, CB:40-10-4-2H) 

From the speed field corresponding to the test group GT2,4, from the category of tests CT2, the speed 

profiles from 4 sections located at the downstream distances from the protection screens were extracted, 

dav = 2H, dav = 4H, dav = 6H, dav = 8H. These speed profiles were represented up to the height z = 10 m, 

because, for the present research, only the speeds at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 2.00 m are 

concerned, heights at which the phenomenon of sand entrainment produces. 
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The speed profiles in the 4 sections downstream of the protection screens (dav = 2H, dav = 4H, dav = 6H, 

dav = 8H), resulting from the reduction of the incident wind speed, were compared with the power law 

type speed profile in upstream of the protection screens, i.e. at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 

2.00 m. 

Figures 3-67, 3-68, 3-69, 3-70 show the speed profiles U(z) downstream of the screens, for the reference 

speed U(10)=12 m/s and number of protection screens n=4, at distances dav= 2H (CT2,GT2,4, 

TN2,4,1,CB:40-10-4-2H, CT:12-4-2H), dav= 4H (CT2,GT2,4, TN2,4,2,CB:40-10-4-2H, CT:12-4-4H), 

dav= 6H (CT2,GT2,4, TN2,4,3, CB:40-10-4-2H, CT:12-4-6H), dav= 8H (CT2,GT2,4, TN2,3,4,CB:40-

10-4-2H, CT:12-4-8H), compared to the speed profile of the incident wind. 

 

Fig. 3-67 - Speed profile U(z) downstream of the screens, for reference speed U(10)=12 m/s and number of protection screens n=4, 

at distance dav= 2H (CT2,GT2,4, TN2,4,1,CB:40-10-4-2H, CT:12-4-2H). Comparison with the incident wind speed profile. 
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Fig. 3-68 - Speed profile U(z) downstream of the screens, for reference speed U(10)=12 m/s and number of protection screens n=4, 

at distance dav= 4H (CT2,GT2,4, TN2,4,2,CB:40-10-4-2H, CT:12-4-4H). Comparison with the incident wind speed profile. 

 

 

Fig. 3-69 - Speed profile U(z) downstream of the screens, for reference speed U(10)=12 m/s and number of protection screens n=4, 

at distance dav= 6H (CT2,GT2,4, TN2,4,3, CB:40-10-4-2H, CT:12-4-6H). Comparison with the incident wind speed profile. 
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Fig. 3-70 - Speed profile U(z) downstream of the screens, for reference speed U(10)=12 m/s and number of protection screens n=4, 

at distance dav= 8H (CT2,GT2,4, TN2,4,4,CB:40-10-4-2H, CT:12-4-8H). Comparison with the incident wind speed profile. 

Next, wind speeds were determined at heights z1=0,20 m, z2=1,00 m și z3=2,00 m from the speed 

profiles corresponding to the downstream sections of the protection screens located at distances dav=2H, 

dav=4H, dav=6H,dav=8H. 

Figure 3-71 shows the variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the 

downstream distance dav for the reference speed U(10)=12 m/s and number of protection screens n=4 

(CT2,GT2,4, CB:40-10-4-2H). 
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Fig. 3-71 - Variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance dav for the 

reference speed U(10)=12 m/s and number of protection screens n=4 (CT2,GT2,4, CB:40-10-4-2H) 

Then, for heights z1=0,20 m, z2=1,00 m și z3=2,00 m, for the sections downstream of the protection 

screens located at distances dav=2H, dav=4H, dav=6H,dav=8H, the differences were made between the 

speeds on the upstream speed profile located at dam=2H and the speeds from the homologous points on 

the downstream speed profiles, ie ΔU=U(z)am-U(z)av. 

Figure 3-72 shows the variation of the speed decrease ΔU=U(z)am-U(z)av at the heights z1=0,20m,  

z2=1m și z3=2m, depending on the downstream distance dav for the reference speed U(10)=12 m/s and 

number of protection screens n=4 (CT2,GT2,4, CB:40-10-4-2H). 

 

Fig. 3-72 - Variation of ΔU=U(z)am-U(z)av speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance 

dav for the reference speed U(10)=12 m/s and number of protection screens n=4 (CT2,GT2,4, CB:40-10-4-2H) 
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3.3 Numerical testing for test category CT3 (U(10)=16 m/s) 

3.3.1 Numerical testing for the test group GT3,1 (n=1 ecran) from the tests category CT3 

(U(10)=16 m/s) 

These numerical tests were performed for the situations included in the group of numerical tests GT3,1 

which refer to the movement of air over a sandy soil provided with 1 row of permeable protective 

screens. (n=1), group belonging to the category of numerical tests CT3 relating to a reference speed 

upstream of the protection screen (U(10)=16 m/s). 

The calculation range corresponding to the GT3,1 numerical test group has a length of 100 m (10H) and 

a height of 20 m. At a distance of 2H = 20 m from the section entering the calculation range there is a 

protection screen with permeability of 40% and with height H = 10 m.  

Figure 3-73 shows the diagram of the calculation range in the range of motion for the case of the 

location of n = 1 protection screens (CT3, GT3,1, CB:40-10-4-2H). 

 

Fig. 3-73 - Schematic of the computational domain for the case of placing n = 1 protection screens (CT3, GT3,1, CB:40-10-4-2H) 

The calculation domain from the computational domain thus established, was then meshed, generating 

the computing network for calculations, with the COMSOL Multiphysics program at a level of 

discretization that ensures the obtaining of a speed field, on the range of motion, with a convenient 

approximation. 

Figure 3-74 shows the discretization of the computational domain in the area of the protection screens, 

for a number of protection screens n=1 (CT3, GT3,1, CB:40-10-4-2H). 
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Fig. 3-74 - Discretization of the computational domain in the area of the protection screens, for a number of protection screens n=1 

(CT3, GT3,1, CB:40-10-4-2H) 

Applying, on the computational domain, the finite element model COMSOL Multiphysics, the velocity 

range in this calculation field is obtained. 

Figure 3-75 shows the speed field in the computational domain for the reference speed U(10)=16 m/s 

and number of protection screens n=1 (CT3,GT3,1, CB:40-10-4-2H). 

 

Fig. 3-75 - Speed field in the computational domain for the reference speed U(10)=16 m/s and number of protection screens n=1 

(CT3,GT3,1, CB:40-10-4-2H) 

From the speed field corresponding to the test group GT3,1, from the category of tests CT3, the speed 

profiles from 4 sections located at the downstream distances from the protection screens were extracted, 

dav = 2H, dav = 4H, dav = 6H, dav = 8H. These speed profiles were represented up to the height z = 10 m, 

because, for the present research, only the speeds at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 2.00 m are 

concerned, heights at which the phenomenon of sand entrainment produces. 
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The speed profiles in the 4 sections downstream of the protection screens (dav = 2H, dav = 4H, dav = 6H, 

dav = 8H), resulting from the reduction of the incident wind speed, were compared with the power law 

type speed profile in upstream of the protection screens, i.e. at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 

2.00 m. 

Figures 3-76, 3-77, 3-78, 3-79 show the speed profiles U(z) downstream of the screens, for the reference 

speed U(10)=16 m/s and number of protection screens n=1, la distanțele dav= 2H (CT3,GT3,1, 

TN3,1,1,CB:40-10-4-2H, CT:16-1-2H), dav= 4H(CT3,GT3,1, TN3,1,2,CB:40-10-4-2H, CT:16-1-4H), 

dav= 6H (CT3,GT3,1, TN3,1,3, CB:40-10-4-2H, CT:16-1-6H), dav= 8H (CT3,GT3,1, TN3,1,4,CB:40-

10-4-2H, CT:16-1-8H), compared to the speed profile of the incident wind. 

 

Fig. 3-76 - Speed profile U(z) downstream of the screens, for reference speed U(10)=16 m/s and number of protection screens n=1, 

at distance dav= 2H (CT3,GT3,1, TN3,1,1,CB:40-10-4-2H, CT:16-1-2H). Comparison with the incident wind speed profile 

 

0

2

4

6

8

10

0 5 10 15 20

z 
[m

]

U(z) [m/s]

Profil viteza amonte Profil viteza aval dav=2H



  

 

 

 

Page 65 of 93 

 

 

Fig. 3-77 - Speed profile U(z) downstream of the screens, for reference speed U(10)=16 m/s and number of protection screens n=1, 

at distance dav= 4H (CT3,GT3,1, TN3,1,2,CB:40-10-4-2H, CT:16-1-4H). Comparison with the incident wind speed profile 

 

 

Fig. 3-78 - Speed profile U(z) downstream of the screens, for reference speed U(10)=16 m/s and number of protection screens n=1, 

at distance dav= 6H (CT3,GT3,1, TN3,1,3, CB:40-10-4-2H, CT:16-1-6H). Comparison with the incident wind speed profile 
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Fig. 3-79 - Speed profile U(z) downstream of the screens, for reference speed U(10)=16 m/s and number of protection screens n=1, 

at distance dav= 8H (CT3,GT3,1, TN3,1,4,CB:40-10-4-2H, CT:16-1-8H). Comparison with the incident wind speed profile 

Next, wind speeds were determined at heights z1=0,20 m, z2=1,00 m și z3=2,00 m from the speed 

profiles corresponding to the downstream sections of the protection screens located at distances dav=2H, 

dav=4H, dav=6H,dav=8H. 

Figure 3-80 shows the variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the 

downstream distance dav for the reference speed U(10)=16 m/s and number of protection screens n=1 

(CT3,GT3,1, CB:40-10-4-2H). 
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Fig. 3-80 - Variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance dav for the 

reference speed U(10)=16 m/s and number of protection screens n=1 (CT3,GT3,1, CB:40-10-4-2H) 

Then, for heights z1=0,20 m, z2=1,00 m și z3=2,00 m, for the sections downstream of the protection 

screens located at distances dav=2H, dav=4H, dav=6H,dav=8H, the differences were made between the 

speeds on the upstream speed profile located at dam=2H and the speeds from the homologous points on 

the downstream speed profiles, ie ΔU=U(z)am-U(z)av. 

Figure 3-81 the variation of the speed decrease ΔU=U(z)am-U(z)av at the heights z1=0,20m,  z2=1m și 

z3=2m, depending on the downstream distance dav for the reference speed U(10)=16 m/s and number of 

protection screens n=1 (CT3,GT3,1, CB:40-10-4-2H). 

 

Fig. 3-81 - Variation of ΔU=U(z)am-U(z)av speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance 

dav for the reference speed U(10)=16 m/s and number of protection screens n=1 (CT3,GT3,1, CB:40-10-4-2H) 
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3.3.2 Numerical testing for the test group GT3,2 (n=2 ecrane) from the tests category CT3 

(U(10)=16 m/s) 

These numerical tests were performed for the situations included in the group of numerical tests GT3,2 

which refer to the movement of air over a sandy soil provided with 2 rows of permeable protective 

screens. (n=2), group belonging to the category of numerical tests CT3 relating to a reference speed 

upstream of the protection screen (U(10)=16 m/s). 

The calculation range corresponding to the GT3,2 numerical test group has a length of 100 m (10H) and 

a height of 20 m. At a distance of 2H = 20 m from the section entering the calculation range there is a 

protection screen with permeability of 40% and with height H = 10 m  

Figure 3-82 shows the diagram of the calculation range in the range of motion for the case of the 

location of n=2 protection screens (CT3, GT3,2, CB:40-10-4-2H). 

 

Fig. 3-82 - Schematic of the computational domain for the case of placing n = 2 protection screens (CT3, GT3,2, CB:40-10-4-2H) 

The calculation domain from the computational domain thus established, was then meshed, generating 

the computing network for calculations, with the COMSOL Multiphysics program at a level of 

discretization that ensures the obtaining of a speed field, on the range of motion, with a convenient 

approximation. 

Figure 3-83 shows the discretization of the computational domain in the area of the protection screens, 

for a number of protection screens n=2 (CT3, GT3,2, CB:40-10-4-2H). 
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Fig. 3-83 - Discretization of the computational domain in the area of the protection screens, for a number of protection screens n=2 

(CT3, GT3,2, CB:40-10-4-2H) 

Applying, on the computational domain, the finite element model COMSOL Multiphysics, the velocity 

range in this calculation field is obtained. 

Figure 3-84 shows the speed field in the computational domain for the reference speed U(10)=16 m/s 

and number of protection screens n=2 (CT31,GT3,2, CB:40-10-4-2H). 

 

Fig. 3-84 - Speed field in the computational domain for the reference speed U(10)=16 m/s and number of protection screens n=2 

(CT3,GT3,2, CB:40-10-4-2H) 

From the speed field corresponding to the test group GT3,2, from the category of tests CT3, the speed 

profiles from 4 sections located at the downstream distances from the protection screens were extracted, 

dav = 2H, dav = 4H, dav = 6H, dav = 8H. These speed profiles were represented up to the height z = 10 m, 

because, for the present research, only the speeds at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 2.00 m are 

concerned, heights at which the phenomenon of sand entrainment produces. 
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The speed profiles in the 4 sections downstream of the protection screens (dav = 2H, dav = 4H, dav = 6H, 

dav = 8H), resulting from the reduction of the incident wind speed, were compared with the power law 

type speed profile in upstream of the protection screens, i.e. at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 

2.00 m. 

Figures 3-85, 3-86, 3-87, 3-88 show the speed profiles U(z) downstream of the screens, for the reference 

speed U(10)=16 m/s and number of protection screens n=2, at distances dav= 2H (CT3,GT3,2, 

TN3,2,1,CB:40-10-4-2H, CT:16-2-2H), dav= 4H(CT3,GT3,2, TN3,2,2,CB:40-10-4-2H, CT:16-2-4H), 

dav= 6H (CT3,GT3,2, TN3,2,3, CB:40-10-4-2H, CT:16-2-6H), dav= 8H (CT3,GT3,2, TN3,2,4,CB:40-

10-4-2H, CT:16-2-8H), compared to the speed profile of the incident wind. 

 

Fig. 3-85 - Speed profile U(z) downstream of the screens, for reference speed U(10)=16 m/s și and number of protection screens 

n=2, at distance dav= 2H (CT3,GT3,2, TN3,2,1,CB:40-10-4-2H, CT:16-2-2H). Comparison with the incident wind speed profile 
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Fig. 3-86 - Speed profile U(z) downstream of the screens, for reference speed U(10)=16 m/s și and number of protection screens 

n=2, at distance dav= 4H (CT3,GT3,2, TN3,2,2,CB:40-10-4-2H, CT:16-2-4H). Comparison with the incident wind speed profile 

 

 

Fig. 3-87 - Speed profile U(z) downstream of the screens, for reference speed U(10)=16 m/s și and number of protection screens 

n=2, at distance dav= 6H (CT3,GT3,2, TN3,2,3, CB:40-10-4-2H, CT:16-2-6H). Comparison with the incident wind speed profile 
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Fig. 3-88 - Speed profile U(z) downstream of the screens, for reference speed U(10)=16 m/s și and number of protection screens 

n=2, at distance dav= 8H (CT3,GT3,2, TN3,2,4,CB:40-10-4-2H, CT:16-2-8H). Comparison with the incident wind speed profile 

Next, wind speeds were determined at heights z1=0,20 m, z2=1,00 m și z3=2,00 m from the speed 

profiles corresponding to the downstream sections of the protection screens located at distances dav=2H, 

dav=4H, dav=6H,dav=8H. 

Figure 3-89 shows the variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the 

downstream distance dav for the reference speed U(10)=16 m/s and number of protection screens n=2 

(CT3,GT3,2, CB:40-10-4-2H). 
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Fig. 3-89 - Variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance dav for the 

reference speed U(10)=16 m/s and number of protection screens n=2 (CT3,GT3,2, CB:40-10-4-2H) 

Then, for heights z1=0,20 m, z2=1,00 m și z3=2,00 m, for the sections downstream of the protection 

screens located at distances dav=2H, dav=4H, dav=6H,dav=8H, the differences were made between the 

speeds on the upstream speed profile located at dam=2H and the speeds from the homologous points on 

the downstream speed profiles, ie ΔU=U(z)am-U(z)av. 

Figure 3-90 shows the variation of the speed decrease ΔU=U(z)am-U(z)av at the heights z1=0,20m,  

z2=1m și z3=2m, depending on the downstream distance dav for the reference speed U(10)=16 m/s and 

number of protective screens n=2 (CT3,GT3,2, CB:40-10-4-2H). 

 

Fig. 3-90 - Variation of ΔU=U(z)am-U(z)av speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance 

dav for the reference speed U(10)=16 m/s and number of protection screens n=2 (CT3,GT3,2, CB:40-10-4-2H) 
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3.3.3 Numerical testing for the test group GT3,3 (n=3 screens) from the tests category CT3 

(U(10)=16 m/s) 

These numerical tests were performed for the situations included in the group of numerical tests GT3,3 

which refer to the movement of air over a sandy soil provided with 3 rows of permeable protective 

screens. (n=3), group belonging to the category of numerical tests CT3 relating to a reference speed 

upstream of the protection screen (U(10)=16 m/s). 

The calculation range corresponding to the GT3,3 numerical test group has a length of 100 m (10H) and 

a height of 20 m. At a distance of 2H = 20 m from the section entering the calculation range there is a 

protection screen with permeability of 40% and with height H = 10 m.  

Figure 3-91 shows the diagram of the calculation range in the range of motion for the case of the 

location of n = 3 protection screens (CT3, GT3,3, CB:40-10-4-2H). 

 

Fig. 3-91 - Schematic of the computational domain for the case of placing n = 3 protection screens (CT3, GT3,3, CB:40-10-4-2H) 

The calculation domain from the computational domain thus established, was then meshed, generating 

the computing network for calculations, with the COMSOL Multiphysics program at a level of 

discretization that ensures the obtaining of a speed field, on the range of motion, with a convenient 

approximation. 

Figure 3-92 shows the discretization of the computational domain in the area of the protection screens, 

for a number of protection screens n=3 (CT3, GT3,3, CB:40-10-4-2H). 
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Fig. 3-92 - Discretization of the computational domain in the area of the protection screens, for a number of protection screens n=3 

(CT3, GT3,3, CB:40-10-4-2H) 

Applying, on the computational domain, the finite element model COMSOL Multiphysics, the velocity 

range in this calculation field is obtained. 

Figure 3-93 shows the speed field in the computational domain for the reference speed U(10)=16 m/s 

and number of protection screens n=3 (CT3,GT3,3, CB:40-10-4-2H). 

 

Fig. 3-93 - Speed field in the computational domain for the reference speed U(10)=16 m/s and number of protection screens n=3 

(CT3,GT3,3, CB:40-10-4-2H) 

From the speed field corresponding to the test group GT3,3, from the category of tests CT3, the speed 

profiles from 4 sections located at the downstream distances from the protection screens were extracted, 

dav = 2H, dav = 4H, dav = 6H, dav = 8H. These speed profiles were represented up to the height z = 10 m, 

because, for the present research, only the speeds at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 2.00 m are 

concerned, heights at which the phenomenon of sand entrainment produces. 
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The speed profiles in the 4 sections downstream of the protection screens (dav = 2H, dav = 4H, dav = 6H, 

dav = 8H), resulting from the reduction of the incident wind speed, were compared with the power law 

type speed profile in upstream of the protection screens, i.e. at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 

2.00 m. 

Figures 3-94, 3-95, 3-96, 3-97 show the speed profiles U(z) downstream of the screens, for the reference 

speed U(10)=16 m/s and number of protection screens n=3, at distances dav= 2H (CT3,GT3,3, 

TN3,3,1,CB:40-10-4-2H, CT:16-3-2H), dav= 4H(CT3,GT3,3, TN3,3,2,CB:40-10-4-2H, CT:16-3-4H), 

dav= 6H (CT3,GT3,3, TN3,3,3, CB:40-10-4-2H, CT:16-3-6H), dav= 8H (CT3,GT3,3, TN3,3,4,CB:40-

10-4-2H, CT:16-3-8H), compared to the speed profile of the incident wind. 

 

Fig. 3-94 - Speed profile U(z) downstream of the screens, for reference speed U(10)=16m/s and number of protection screens n=3, 

at distance dav= 2H (CT3,GT3,3, TN3,3,1,CB:40-10-4-2H, CT:16-3-2H). Comparison with the incident wind speed profile 
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Fig. 3-95 - Speed profile U(z) downstream of the screens, for reference speed U(10)=16m/s and number of protection screens n=3, 

at distance dav= 4H (CT3,GT3,3, TN3,3,2,CB:40-10-4-2H, CT:16-3-4H). Comparison with the incident wind speed profile 

 

 

Fig. 3-96 - Speed profile U(z) downstream of the screens, for reference speed U(10)=16m/s and number of protection screens n=3, 

at distance dav= 6H (CT3,GT3,3, TN3,3,3, CB:40-10-4-2H, CT:16-3-6H). Comparison with the incident wind speed profile 
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Fig. 3-97 - Speed profile U(z) downstream of the screens, for reference speed U(10)=16m/s and number of protection screens n=3, 

at distance dav= 8H (CT3,GT3,3, TN3,3,4,CB:40-10-4-2H, CT:16-3-8H). Comparison with the incident wind speed profile 

Next, wind speeds were determined at heights z1=0,20 m, z2=1,00 m și z3=2,00 m from the speed 

profiles corresponding to the downstream sections of the protection screens located at distances dav=2H, 

dav=4H, dav=6H,dav=8H. 

Figure 3-98 shows the variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the 

downstream distance dav for the reference speed U(10)=16 m/s and number of protection screens n=3 

(CT3,GT3,3, CB:40-10-4-2H). 
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Fig. 3-98 - Variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance dav for the 

reference speed U(10)=16 m/s and number of protection screens n=3 (CT3,GT3,3, CB:40-10-4-2H) 

Then, for heights z1=0,20 m, z2=1,00 m și z3=2,00 m, for the sections downstream of the protection 

screens located at distances dav=2H, dav=4H, dav=6H,dav=8H, the differences were made between the 

speeds on the upstream speed profile located at dam=2H and the speeds from the homologous points on 

the downstream speed profiles, ie ΔU=U(z)am-U(z)av. 

Figure 3-99 shows the variation of the speed decrease ΔU=U(z)am-U(z)av at the heights z1=0,20m,  

z2=1m și z3=2m, depending on the downstream distance dav for the reference speed U(10)=16 m/s and 

number of protective screens n=3 (CT3,GT3,3, CB:40-10-4-2H). 

 

Fig. 3-99 - Variation of ΔU=U(z)am-U(z)av speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance 

dav for the reference speed U(10)=16 m/s and number of protection screens n=3 (CT3,GT3,3, CB:40-10-4-2H) 

 

4.00

4.50

5.00

5.50

6.00

6.50

x=2H x=4H x=6H x=8H

U
(z

1)
m

in
.a

n
tr

.[
m

/s
]

dav [nr.H]

z1

z2

z3

3.00

3.50

4.00

4.50

5.00

5.50

6.00

6.50

7.00

x=2H x=4H x=6H x=8H

U
(z

1)
m

in
.a

n
tr

.[
m

/s
]

dav [nr.H]

z1

z2

z3



  

 

 

 

Page 80 of 93 

 

3.3.4 Numerical testing for the test group GT3,4 (n=4 screens) from the tests category CT3 

(U(10)=16 m/s) 

These numerical tests were performed for the situations included in the group of numerical tests GT3,4 

which refer to the movement of air over a sandy soil provided with 4 rows of permeable protective 

screens. (n=4), group belonging to the category of numerical tests CT3 relating to a reference speed 

upstream of the protection screen (U(10)=16 m/s). 

The calculation range corresponding to the GT3,4 numerical test group has a length of 100 m (10H) and 

a height of 20 m. At a distance of 2H = 20 m from the section entering the calculation range there is a 

protection screen with permeability of 40% and with height H = 10 m.  

Figure 3-100 shows the diagram of the calculation range in the range of motion for the case of the 

location of n = 4 protection screens (CT3, GT3,4, CB:40-10-4-2H). 

 

Fig. 3-100 - Schematic of the computational domain for the case of placing n = 4 protection screens (CT3, GT3,4, CB:40-10-4-2H) 

The calculation domain from the computational domain thus established, was then meshed, generating 

the computing network for calculations, with the COMSOL Multiphysics program at a level of 

discretization that ensures the obtaining of a speed field, on the range of motion, with a convenient 

approximation. 

Figure 3-101 shows the discretization of the computational domain in the area of the protection screens, 

for a number of protection screens n=4 (CT3, GT3,4, CB:40-10-4-2H). 
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Fig. 3-101 - Discretization of the computational domain in the area of the protection screens, for a number of protection screens 

n=4 (CT3, GT3,4, CB:40-10-4-2H) 

Applying, on the computational domain, the finite element model COMSOL Multiphysics, the velocity 

range in this calculation field is obtained. 

Figure 3-102 shows the speed field in the computational domain for the reference speed U(10)=16 m/s 

and number of protection screens n=4 (CT3,GT3,4, CB:40-10-4-2H). 

 

Fig. 3-102 - Speed field in the computational domain for the reference speed U(10)=16 m/s and number of protection screens n=4 

(CT3,GT3,4, CB:40-10-4-2H) 

From the speed field corresponding to the test group GT3,4, from the category of tests CT3, the speed 

profiles from 4 sections located at the downstream distances from the protection screens were extracted, 

dav = 2H, dav = 4H, dav = 6H, dav = 8H. These speed profiles were represented up to the height z = 10 m, 

because, for the present research, only the speeds at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 2.00 m are 

concerned, heights at which the phenomenon of sand entrainment produces. 
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The speed profiles in the 4 sections downstream of the protection screens (dav = 2H, dav = 4H, dav = 6H, 

dav = 8H), resulting from the reduction of the incident wind speed, were compared with the power law 

type speed profile in upstream of the protection screens, i.e. at heights z1 = 0.20 m, z2 = 1.00 m and z3 = 

2.00 m. 

Figures 3-103, 3-104, 3-105, 3-106 show the speed profiles U(z) downstream of the screens, for the 

reference speed U(10)=16 m/s and number of protection screens n=4, at distances dav= 2H (CT3,GT3,4, 

TN3,4,1,CB:40-10-4-2H, CT:16-4-2H), dav= 4H(CT3,GT3,4, TN3,4,2,CB:40-10-4-2H, CT:16-4-4H), 

dav= 6H (CT3,GT3,4, TN3,4,3, CB:40-10-4-2H, CT:16-4-6H), dav= 8H (CT3,GT3,4, TN3,3,4,CB:40-

10-4-2H, CT:16-4-8H), compared to the speed profile of the incident wind. 

 

Fig. 3-103 - Speed profile U(z) downstream of the screens, for reference speed U(10)=16m/s and number of protection screens n=4, 

at distance dav= 2H (CT3,GT3,4, TN3,4,1,CB:40-10-4-2H, CT:16-4-2H). Comparison with the incident wind speed profile 
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Fig. 3-104 - Speed profile U(z) downstream of the screens, for reference speed U(10)=16m/s and number of protection screens n=4, 

at distance dav= 4H (CT3,GT3,4, TN3,4,2,CB:40-10-4-2H, CT:16-4-4H). Comparison with the incident wind speed profile 

 

 

Fig. 3-105 - Speed profile U(z) downstream of the screens, for reference speed U(10)=16m/s and number of protection screens n=4, 

at distance dav= 6H (CT3,GT3,4, TN3,4,3, CB:40-10-4-2H, CT:16-4-6H). Comparison with the incident wind speed profile 
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Fig. 3-106 - Speed profile U(z) downstream of the screens, for reference speed U(10)=16m/s and number of protection screens n=4, 

at distance dav= 8H (CT3,GT3,4, TN3,4,4,CB:40-10-4-2H, CT:16-4-8H). Comparison with the incident wind speed profile 

Next, wind speeds were determined at heights z1=0,20 m, z2=1,00 m și z3=2,00 m from the speed 

profiles corresponding to the downstream sections of the protection screens located at distances dav=2H, 

dav=4H, dav=6H,dav=8H. 

Figure 3-107 shows the variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the 

downstream distance dav for the reference speed U(10)=16 m/s and number of protection screens n=4 

(CT3,GT3,4, CB:40-10-4-2H). 
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Fig. 3-107 - Variation of U speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance dav for the 

reference speed U(10)=16 m/s and number of protection screens n=4 (CT3,GT3,4, CB:40-10-4-2H) 

Then, for heights z1=0,20 m, z2=1,00 m și z3=2,00 m, for the sections downstream of the protection 

screens located at distances dav=2H, dav=4H, dav=6H,dav=8H, the differences were made between the 

speeds on the upstream speed profile located at dam=2H and the speeds from the homologous points on 

the downstream speed profiles, ie ΔU=U(z)am-U(z)av. 

Figure 3-108 shows the variation of the speed decrease ΔU=U(z)am-U(z)av at the heights z1=0,20m,  

z2=1m și z3=2m, depending on the downstream distance dav for the reference speed U(10)=16 m/s and 

number of protective screens n=4 (CT3,GT3,4, CB:40-10-4-2H). 

 

Fig. 3-108 - Variation of ΔU=U(z)am-U(z)av speeds at heights z1=0,20m, z2=1m și z3=2m, depending on the downstream distance 

dav for the reference speed U(10)=16 m/s and number of protection screens n=4 (CT3,GT3,4, CB:40-10-4-2H) 
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4. CONCLUSIONS REGARDING NUMERICAL TESTS 

In view of the results of the numerical simulations represented graphically in the paragraphs of Chapter 

3, a number of conclusions can be drawn as follows. 

From the graphs presented in Chapter 3, it is noted that, in terms of ground speed, denoted by U(z1), it 

decreases with increasing distance downstream of the protective screens, denoted by dav. 

Considering the minimum sand entrainment speed at ground level, U(z1)minantr, as 4 m / s, depending on 

this speed two tables were made, namely table 4.1 showing the effect of wind at ground level depending 

on the number of screens, of the reference speed and the downstream distance for U(z1) ˂ 4 m / s and 

table 4.2 showing the effect of wind at ground level according to the number of screens, the reference 

speed and the downstream distance for U(z1) ˃4 m / s 

This minimum sand entrainment speed at ground level, U(z1)minantr, was established based on Molinkov's 

study, presented in the work of Moțoc M. from 1963. In this study it is shown that at speeds between 0.5 

m/s and 4 m/s the wind at ground level does not lift the sand granules, at speeds between 4 m/s and 7 

m/s it drives sand granules with a diameter below 0.5 mm, at speeds between 7 m/s and 11 m/s entrain 

sand granules with a diameter between 0,5 mm and 1 mm, at speeds between 11 m/s and 17 m/s entrain 

sand granules with a diameter between 1 mm and 2 mm, and at speeds between 17 m/s and 28 m/s drive 

sand granules with a diameter between 2 mm and 5 mm. 

 

Tab. 4.1. Effect of wind at ground level depending on the number of screens, the reference speed and 

the downstream distance for U(z1) ˂ 4 m/s 

Number of screens - n Reference speed – 

U(10) [m/s] 

Downstream distance 

- dav [nr. H] 

The effect of wind at 

the ground level – at 

z1 

n = 1 screen U(10) = 8 m/s dav = 4H - 8H Does not entrain sand- 
U(z1) ˂ 4 m/s 

n = 2 screens U(10) = 8 m/s dav = 0H - 8H Does not entrain sand - 

U(z1) ˂ 4 m/s 

n = 3 screens U(10) = 8 m/s 
 

U(10) = 12 m/s 

dav = 0H - 8H 
 

dav = 0H - 8H 

Does not entrain sand - 
U(z1) ˂ 4 m/s 

Nu antreneazănisip- 

U(z1) ˂ 4 m/s 

n = 4 screens U(10) = 8 m/s 
 

U(10) = 12 m/s 

dav = 0H - 8H 
 

dav = 0H - 8H 

Does not entrain sand - 
U(z1) ˂ 4 m/s 

Does not entrain sand - 

U(z1) ˂ 4 m/s 
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Tab. 4.2. Effect of wind at ground level depending on the number of screens, the reference speed and 

the downstream distance for U(z1) ˃ 4 m/s 

Number of screens 

- n 

Reference speed – 

U(10) [m/s] 

Downstream distance dav 

[nr. H] 

The effect of wind at 

the ground level – at 

z1 

n = 1 screen U(10) = 8 m/s 

 
 

U(10) = 12 m/s 

 

 
U(10) = 16 m/s 

dav = 0H - 4H 

 
 

dav = 0H - 8H 

 

 
dav = 0H - 8H 

Entrains sand under 0,5 

mm - 
U(z1) ˃ 4 m/s 

Entrains sand under 0,5 

mm - 

U(z1) ˃ 4 m/s 
Entrains sand under 0,5 

mm - 

U(z1) ˃ 4 m/s 

n = 2 screens U(10) = 12 m/s 

 

 

U(10) = 16 m/s 

dav = 0H - 8H 

 

 

dav = 0H - 8H 

Entrains sand under 0,5 

mm - 

U(z1) ˃ 4 m/s 

Entrains sand under 0,5 
mm - 

U(z1) ˃ 4 m/s 

n = 3 screens U(10) = 16 m/s dav = 0H - 8H 
 

Entrains sand under 0,5 
mm - 

U(z1) ˃ 4 m/s 

n = 4 screens U(10) = 16 m/s dav = 0H - 8H 

 

Entrains sand under 0,5 

mm - 
U(z1) ˃ 4 m/s 

 

Numerical tests have shown that protection against sand entrainment, through screens, at different 

speeds of the incident wind, takes place in the following situations: 

1. For  U(10) = 8 m/s :  

- n = 1 screen, protection is provided at downstream distances dav = 4H - 8H, 

- n = 2 screens, protection is provided at downstream distances dav = 0H - 8H, 

- n = 3 screens, protection is provided at downstream distances dav = 0H - 8H, 

- n = 4 screens, protection is provided at downstream distances dav = 0H - 8H. 

 

2. For  U(10) = 12 m/s :  

- n = 3 screens, protection is provided at downstream distances dav = 0H - 8H, 

- n = 4 screens, protection is provided at downstream distances dav = 0H - 8H. 
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3. For  U(10) = 16 m/s no group of screens n = 1, 2, 3, 4 provides protection against sand 

entrainment. 

Therefore, for n = 1 screen and n = 2 screens, at wind speeds U(10) = 12 m/s and U(10) = 16 m/s, the 

wind at ground level (U(z1) ˃ 4 m/s) entrain sand below 0.5 mm, and for n = 3 screens and n = 4 

screens, at wind speeds, U(10) = 16 m/s, wind at ground level (U(z1) ˃ 4 m/s) entrain sand below 0.5 

mm. To reduce the speed at ground level in the cases of sand entrainment presented above, action can be 

taken by increasing the number of permeable protective screens or by decreasing the permeability of the 

protective screens, whether natural or artificial. 

Also from the graphs presented in Chapter 3, it is noted that, in terms of velocities at the levels z1=1 m 

and z2=2 m above the ground, denoted by U(z2) and U(z4), respectively, they decrease with increasing 

downstream distance from the protection screens, denoted by dav. These two speeds, which are 

approximately equal, vary depending on the dav, with values between 0.1 m/s and 0.8 m/s, as shown in 

Table 4.3. 

 

Tab. 4.3. Speed variation for U(z2) and U(z3) between dav=2H and dav=8H 

Test categories  CT1    CT2    CT3   

Test groups GT 

1,1 

GT 

1,2 

GT 

1,3 

GT 

1,4 

GT 

2,1 

GT 

2,2 

GT 

2,3 

GT 

2,4 

GT 

3,1 

GT 

3,2 

GT 

3,3 

GT 

3,4 

[U(z2)=U(z3)] la dav=2H- 

 [U(z2)=U(z3)] la dav=8H 

0,10 

m/s 

0,15 

m/s 

0,20 

m/s 

0,40 

m/s 

0,25 

m/s 

0,30 

m/s 

0,60 

m/s 

0,60 

m/s 

0,30 

m/s 

0,40 

m/s 

0,80 

m/s 

0,60 

m/s 
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