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Abstract: This paper presents the results of numerical modelling of mean and peak pressure coefficients for a 

unique facility, conducted within the verification procedure of Ansys Fluent in the RAASN system. The 

applicability of the steady-state (RANS) simulations and three turbulence models (SST k-ω, EARSM, GEKO  

k-ω) is verified for the wind loads determination. The results are compared against experimental data obtained in 

the MSUCE wind tunnel. The weak applicability of often recommended methods of grid extrapolation (Richardson 

extrapolation and approximate error spline) is revealed. It is shown that the GEKO k-ω turbulence model with the 

separation parameter CSEP = 1.25 provides a better fit to the wind tunnel data than SST k-ω and EARSM. 
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Аннотация: Для уникального здания представлены результаты численного моделирования 

аэродинамических коэффициентов средних и пиковых давлений, полученные в рамках процедуры 

верификации в системе РААСН программного комплекса ANSYS Fluent. Проверяется применимость для 

определения ветровых нагрузок стационарной постановки (RANS) и трёх моделей турбулентности: SST  

k-ω, EARSM, GEKO k-ω. Результаты сопоставляются с экспериментальными данными, полученными в 

аэродинамической трубе НИУ МГСУ. Выявлена слабая применимость часто рекомендуемых методов 

сеточной экстраполяции: метода Ричардсона и аппроксимации ошибки сплайном. Выявлено, что модель 

турбулентности GEKO k-ω с параметром CSEP = 1.25 позволяет получить лучшее соответствие данным из 

аэродинамической трубы, чем SST k-ω и EARSM. 
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Ричардсона, аппроксимация ошибки сплайном 



 

 

1. INTRODUCTION 

Reliable and efficient methods of wind loads de-

termination for buildings and structures is still an 

urgent task. Mass construction of unique and ar-

chitecturally outstanding facilities in dense urban 

areas stimulates the search for new approaches to 

solving this problem.  

Currently, the following methods are used to de-

termine wind loads: 

1. Engineering normative and analytical meth-

ods (do not meet the needs of modern construc-

tion); 

2. Physical modelling in wind tunnels (WTs)  

[1,2]; 

3. Numerical modelling [3-11]; 

4. Monitoring and in-situ measurements [12] 

(suitable for academic research only); 

5. Machine learning and neural networks [13] 

(under study and yet unapplicable to design). 

Physical (experimental) modelling in WTs is cur-

rently the most used method to determine wind 

loads. In the middle of the XX century, an appro-

priate methodology was developed and validated 

with in-situ measurements that provides a suffi-

cient level of plausibility under a number of lim-

itations. Still, the high costs of construction and 

maintenance of WTs, poor scalability, significant 

experimentation time, low information content 

and other limitations gradually reduce the role of 

physical modelling in practice. 

Numerical modelling (using CFD), on the other 

hand, appears to be a more prospective direction: 

it is devoid of the WT limitations and promises 

potentially faster research. Therefore, it has al-

ready been limitedly legitimised in the regula-

tions of technologically advanced countries [14], 

STO [15], ASCE 7-22. 

For the time of transition from physical to numer-

ical modelling, the most reliable approach is a 

hybrid one, which means a synthesis of numeri-

cal and physical modelling [15]. 

Currently, the best fit to experimental data is 

shown by utilising the LES turbulence model. 

However, its high computational costs hamper its 

application outside of specialised computational 

clusters. 

Therefore, steady-state (RANS-based) ap-

proaches [16] remain the most used ones for fast 

wind loads determination. 

In any case, verification and validation (V&V) 

procedures are required to confirm the reliability 

of numerical modelling results. The most general 

definitions of V&V are given in GOST [17] and 

ASME [18], but they do not regulate specific pro-

cedures and features of individual applications, 

such as structural aerodynamics. 

Due to the lack of exact solutions of mathemati-

cal models, verification in applications to struc-

tural aerodynamics is reduced to evaluating the 

errors of the numerical model (iteration, time, 

grid, etc.) [19-21,15]. 

To assess the grid convergence, a number of 

sources [19,22-27] recommend the use of such 

methods, as Richardson extrapolation and ap-

proximate error spline. In the present paper, it is 

shown that these methods do not provide any ad-

vantages to the wind loads determination prob-

lem. 

The validation procedure in structural aerody-

namics is more straightforward and complies 

with [17, 18], but it has one peculiarity: in the 

vast majority of cases, the results of numerical 

modelling can only be compared with experi-

mental data from WTs. 

In the present paper the V&V procedure of the 

numerical modelling was carried out for a unique 

facility, the Museum, Theatre and Education 

Complex (MTEC) in Kemerovo. Three turbu-

lence models were used: SST k-ω, EARSM, 

GEKO k-ω (with the separation parameter  

CSEP = 1.25, 1.75, 2.25). Iteration convergence 

and three mesh variants were investigated. 

The results of numerical modelling are com-

pared against experimental data obtained in the 

MSUCE WT. 

 

The work was carried out within the verification 

procedure of Ansys Fluent for the problems of 

“determination of wind and snow actions on 

buildings and structures on the basis of numerical 

solutions of the equations of aero-hydrodynam-



 

 

ics” in the system of the Russian Academy of Ar-

chitecture and Construction Sciences (RAASN) 

[28]. 

 

2. OBJECT AND METHODOLOGY  

2.1 Object and task description 

In the present paper, a unique facility of the Mu-

seum, Theatre and Education Complex (MTEC) 

in Kemerovo (Fig. 1) was investigated. 

 

 

 
 

 
Figure 1. Renders of the MTEC in Kemerovo 

 

MTEC has a complex deconstructivist shape. Fa-

çades combine glass and metal elements. The 

building has 10 floors with a total area of  

~81100 m2 and an underground car park. The 

MTEC is planned to house branches of the Mar-

iinsky Theatre and the State Russian Museum, as 

well as the Kuzbass Arts Centre. The ensemble 

of the facility is conceived of four parts: a “float-

ing” theatre “cloud”, two “crystals” (a museum 

and an art centre with workshops), and a public 

foyer. 

 

The paper investigates the mean (ce) and peak 

(ce,+, ce,-) pressure coefficients at control points 

on the façade and roof of the facility (Fig. 3): 
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where refp p p = −  is the pressure drop; Qref- is 

the reference wind pressure; σp is the standard 

deviation of pressure; θ+(-) are the reliability co-

efficients. 

In the experiment, θ+(-) = 3, and σp is calculated 

using a known formula from statistics. In the 

numerical simulations, these parameters are 

determined using the methodology for steady-

state modelling outlined in [8,16]. 

 

The simulations were carried out for the two 

most typical wind directions (15°, from the sur-

rounding buildings, and 180°, from the unob-

structed side, Fig. 2). 

 
Figure 2. Investigated wind directions 

 

Experimental values of pressure coefficients 

were obtained in the MSUCE WT through phys-

ical modelling at a 1:200 scale (Fig. 3). 

 

 
 

 
Figure 3. MTEC model in the MSUCE WT  

(control points are coloured white). 

 

2.2 Mathematical models  

In the present paper, the calculation of wind flow 

and wind actions is reduced to the numerical so-

lution of time-averaged (RANS) three-dimen-

sional nonlinear Navier-Stokes equations. For 

the determination of wind loads and actions on 

buildings and structures with practically justified 

simplification the wind flow is assumed to be in-

compressible and isothermal, and external mass 

forces are omitted [10]: 
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where
iu  are the components of the averaged 

flow velocity, [m/s]; t is the time, [s]; p  is the av-

eraged pressure, [Pa]; ρ = 1.225 kg/m3 is the air 

density; ν = 1.46∙10-5 m2/s is the kinematic  

viscosity of air; νt is the turbulent viscosity. 

The continuity equation is given as: 

0
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j

u
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The following turbulence models are considered: 

− Shear-Stress Transport (SST) k-ω is a widely 

used two-parameter model that combines the ad-

vantages of k-ω and k-ε models for more accurate 

prediction of turbulent flows. A mixing function 

[29] is used to transition from the k-ω formula-

tion near the boundaries to the k-ε formulation in 

the free flow; 

− GEKO k-ω (Generalised k-ω) is a two-param-

eter turbulence model developed by Ansys. It is 

based on the classic Wilcox k-ω formulation, but 

rewritten in a “generalised” form: all dimen-

sional and dimensionless constants are replaced 

by special functions that are controlled through 

the model parameters to adjust for different types 

of flow. In this paper, the parameter CSEP (equal 

to 1.25, 1.75 or 2.25), which governs the 

adverse pressure gradients and flow separation 

[29], is varied. 

− Explicit Algebraic Reynolds Stress Model 

(EARSM) is an extension of the standard two-

parameter model derived from the Reynolds 

stress transport equations to account for the non-

linear relationship between the Reynolds 

stresses, the mean strain rate tensor and the vor-

ticity tensor. WJ-BSL-EARSM extends the BSL 

model to account for the following effects [29]: 

• Anisotropy of Reynolds stresses; 

• Secondary flows. 

 

2.3 CFD models 

In order to correctly compare the results of nu-

merical and physical modelling, the CFD model 

reproduces the main parameters of the experi-

ment: the scale, the dimensions of the WT’s 

working area section, and the boundary condi-

tions. 

 

The numerical geometry of the MTEC with the 

surrounding buildings totally corresponds to the 

experimental one (Fig.4). 

 
Figure 4. Geometric model of the facility with 

the surrounding building in Ansys SpaceClaim  

 

Finite-volume meshes were created in Ansys 

Fluent Meshing using polyhexcore method and 

combine polygonal, prismatic and cubic finite 

volumes. Three meshes were developed to 

analyse the mesh independence of the solution 

and verify the CFD model: a coarse one (3.1 

million cells), a basic one (5.6 million cells, 

Fig. 6), and a fine one (12.8 million cells). All 

meshes are similar to each other and differ only 

in the size of the cells by a factor of 1.5. The 

number of prismatic layers in the boundary 

layer is 5 for the coarse mesh, 7 for the basic 

mesh and 10 for the fine mesh. 

 

 
(a) 



 

 

 
(b) 

Figure 5. Finite-volume mesh: a – in the cross-

section of the domain; b – on the surface of 

MTEC and hotel with an elevated bridge 

 

The boundary conditions are shown in Fig. 6: 

− at the inlet, a flow velocity profile and turbu-

lent characteristics are set according to the exper-

imental data from the WT (Fig. 7); 

− a free outlet with zero additional pressure; 

− at the upper, lower, lateral boundaries and sur-

faces of the facility and surrounding buildings, a 

no-slip wall condition is set. 

 

 
Figure 6. Boundary conditions 

 

A total of 30 3D steady-state simulations (2 an-

gles of attack × 3 finite-volume meshes × 5 tur-

bulence models) were performed using Ansys 

Fluent (see Section 2.2). 

The coupled velocity-pressure scheme and 2nd 

order schemes were used for the momentum, tur-

bulent transport and pressure equations. The total 

number of iterations was set to 700, of which the 

first 200 were calculated with the time scale fac-

tor equal to 1.0, while the next 500 were calcu-

lated with the said factor reduced to 0.25. 

Data sampling for the iteration convergence anal-

ysis was performed on the last 100 iterations. 

 

 
Figure 7. Velocity [m/s] and turbulence  

intensity [%] profile from WT measurements  

and CFD approximations 

 

2.4 Verification methods 

A combined approach, based on two methods 

outlined in [21-27], was used to estimate the spa-

tial discretisation error: Richardson Extrapola-

tion (RE) and Approximate Error Spline (AES). 

The Richardson extrapolation suggests extrapo-

lating the investigated parameter to an infinitesi-

mal grid (h → 0) using the values obtained on a 

number of finite grids (h1 = h, h2= α1 h, h3= α2h). 

When the coefficient α is equal to both α1 and α2 

(in this paper, to 1.5), we get: 
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where ϕh, ϕαh, ϕα
2
h are the values of the sought 

parameters on the fine, basic and coarse finite-

volume grid, respectively; p is the order of the 

generalised numerical scheme used for extrapo-

lation; ϕext is the extrapolated value (h → 0). 

Application of this method showed that the pa-

rameter p often reaches unrealistic values, result-

ing in inadequate values of ϕext. Therefore, as rec-

ommended by the authors, the values of p were 

restricted in the range of 1.0 to 2.0. 

To estimate the range of grid error, Roache [26-

27] proposed the Grid Convergence Index (GCI) 

(formula 7), which characterises the measure of 

discrepancy between the numerical result on the 



 

 

fine mesh and the asymptotic value, as well as 

indicates the behaviour of the numerical solution 

during further refinement of the finite-volume 

mesh. When the GCI value is small, the solution 

is within the asymptotic range: 

1.25 ,
1

A

p

e
GCI =
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where h h
A

h

e  −
=


 is the relative approxima-

tion error. 

 

Approximate Error Spline method [25] assumes 

the proportionality between the error from the so-

lution ET and the error between the numerical so-

lutions EA: 

, ,T h A h hE E = − =  −  (8) 

T AE E=   (9) 

where ϕ is the unknown exact solution. 

According to [25], for ϕ = ϕext: 
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The developers of AES [24] do not provide any 

methods to estimate the error of the obtained ex-

trapolation. Since in the present work the AES 

method is used only for oscillatory convergence 

(see below), we propose to use the 3σ rule on the 

values obtained on three grids: 
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3
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 =    is the average value on the 

three grids. 

 

Fig. 8 demonstrates the behaviour of the RE and 

AES methods for typical possible situations. 

 

As can be seen from the results, the AES method 

gives incorrect predictions for monotone conver-

gence and tends to infinity if the values are lo-

cated on the same line, while the RE method 

gives inadequate extrapolation for oscillatory 

convergence. To avoid incorrect extrapolation, it 

was decided to combine the two approaches and 

utilise AES for oscillating values and RE for 

monotone values. Thus, the resulting error is cal-

culated as: 
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(a) demonstration of RE failure for oscillatory 

convergence ϕαh < ϕh, ϕα
2
h or ϕαh > ϕh, ϕα

2
h 

 

 
(b) demonstration of AES failure for monotone 

convergence of ϕh < ϕαh < ϕα
2
h or  

ϕh > ϕαh > ϕα
2
h 



 

 

 
(c) correct operation of the methods 

Figure 8: Extrapolation examples 

 

To evaluate the iteration convergence, the values 

sampled at the last 100 iterations were processed: 

max( ) min( )
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where ϕk are the values of an investigated vari-

able at the kth iteration (k = 601...700). 

For mean(ϕk) ≈ 0, the iteration error ei takes very 

large values, not characterising convergence. In 

such cases, formula (14) is not applicable and the 

corresponding points are discarded. 

 

2.5 Validation methods 

When comparing the results of numerical and 

physical simulations, in addition to qualitative 

evaluations, the values of the validation metrics 

proposed in [8] were determined: 
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where ϕj
efd, ϕj

сfd are the iteratively averaged val-

ues of the investigated variables achieved from 

the physical and numerical modelling in the jth 

control point, respectively; M is the number of 

control points with statistically coincident val-

ues; N is the total number of control points; Dn is 

the normalised deviation of the results; and Req is 

the fraction of the points that match taking into 

account the error estimates or have a deviation of 

no more than 15%. 

Metrics (11-12) are not subject to the disad-

vantage of the often-used R2 metric, which is in-

sensitive to linear shifts. 

 

In the current work, the following criteria for val-

idation metrics are adopted: 

Dn≤ 15% – good (green);  

15% < Dn ≤ 20% – satisfactory (yellow); 

Dn> 20% – not satisfactory (red);  

Req ≥75% – good (green); 

50% ≤ Req < 75% – satisfactory (yellow); 

Req < 50% – not satisfactory (red). 

 

3. RESULTS AND DISCUSSION 

This section presents the iteration and grid in-

dependence analyses results for the numerical 

solutions, and a comparison of the mean and 

peak pressure coefficients against the experi-

mental data. 

 

3.1 Iteration errors estimation 

Iteration error can contribute significantly to 

the numerical solution error (Fig. 9).  

The analysis shows that SST k-ω has the worst 

iteration convergence, with eit reaching 38% 

for some of the control points. The EARSM 

and GEKO models show significantly better 

convergence (eit < 15%), and reducing the 

value of CSEP leads to an even more improved 

convergence (eit < 5% for CSEP = 1.25). 

For the most cases, refining the mesh reduces 

eit, although this is not a general rule. 

For all turbulence models, the influence of the 

surrounding buildings (180°) worsens the 

iteration convergence. This effect can be 

explained by the complexity of the flow 

structure. 

 



 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Figure 9. Iteration error eit [%] for different turbulence models 



 

 

3.2 Grid errors estimation 

Grid independence analysis using a combina-

tion of RE and AES methods (formula 13) re-

sulted in plots of the absolute values of the er-

rors Eg (Fig. 10). 

For all turbulence models, the influence of the 

surrounding buildings (180°) worsens the grid 

independence as well, which can be explained 

by the complication of the flow structure, too. 

The solution for all turbulence models mostly 

demonstrates oscillatory behaviour (>80% of 

points). 

The best grid independence was achieved with 

the EARSM model (Eg < 0.1), followed by 

GEKO (CSEP = 1.25), while the worst results 

were obtained with GEKO (CSEP = 2.25) and 

SST (Eg < 0.4) models. 

 

 

 
(a) 180° (not influenced by the surrounding buildings) 

 

 
(b) 15° (influenced by the surrounding buildings) 

Figure 10. Grid error Eg for different turbulence models; the markers on the horizontal lines 

indicate the convergence behaviour: * – oscillatory; □ – monotone 

 

3.3 CFD and EFD results comparison  

(validation) 

Figures 11-13 show the comparison of mean 

and peak pressure coefficients from the 

numerical (with different turbulence models) 

and physical modelling. In the peak coefficient 

plots, the shaded areas (negative for ce,+ and 

positive for ce,–) highlight values that are of no 

practical interest. 

Table 1 summarises the values of the validation 

metrics (formulae 15-16). In calculating the 

validation metrics for peak coefficients, points 

in shaded areas were not considered. 

 



 

 

 
(a) 180° (not influenced by the surrounding buildings) 

 

 
(b) 15° (influenced by the surrounding buildings) 

Figure 11. Comparison of mean pressure coefficients ce for numerical and physical modelling 

  



 

 

 

 (a) 180° (not influenced by the surrounding buildings) 

 

 
(b) 15° (influenced by the surrounding buildings). 

Figure 12. Comparison of positive peak pressure coefficients ce,+ for numerical  

and physical modelling  



 

 

 
(a) 180° (not influenced by the surrounding buildings) 

 
(b) 15° (influenced by the surrounding buildings) 

Figure 13. Comparison of negative peak pressure coefficients ce,– for numerical  

and physical modelling 

 



 

 

Table 1. Parameters of finite-volume meshes 

c Grid 
15° 180° 

Dn,% Req,% Dn,% Req,% 

SST k-ω 

ce 

ext 22,66 42,75 12,56 65,94 
fine 22,25 40,57 12,33 68,11 
med. 22,62 47,82 14,08 68,84 
coarse 21,65 54,34 13,24 68,84 

ce,+ 

ext 34,00 48,64 24,37 36,11 
fine 33,79 45,94 24,28 36,11 
med. 36,80 48,64 21,44 38,88 
coarse 30,99 56,75 22,16 38,88 

ce,- 

ext 27,48 40,49 20,07 46,08 
fine 26,36 41,32 19,29 46,95 
med. 25,54 48,76 18,48 55,65 
coarse 23,09 61,15 18,78 57,39 

EARSM 

ce 

ext 20,36 59,42 14,21 75,36 
fine 20,29 64,49 14,16 77,53 
med. 21,80 65,94 15,31 81,88 
coarse 20,88 65,94 14,76 81,88 

ce,+ 

ext 30,92 56,75 22,43 44,44 
fine 29,72 64,86 22,37 44,44 
med. 30,32 64,86 21,76 47,22 
coarse 29,20 64,86 21,94 47,22 

ce,- 

ext 22,86 58,67 16,31 71,30 
fine 22,35 67,76 16,08 73,04 
med. 21,75 70,24 15,48 76,52 
coarse 21,73 70,24 15,26 77,39 

GEKO k-ω (CSEP = 2.25) 

ce 

ext 19,35 66,66 13,15 83,33 
fine 19,60 70,28 12,90 84,05 
med. 21,11 70,28 14,06 84,05 
coarse 20,37 70,28 12,98 84,05 

ce,+ 

ext 32,30 64,86 20,75 55,55 
fine 33,09 70,27 20,52 61,11 
med. 31,27 70,27 20,12 61,11 
coarse 30,98 70,27 20,15 61,11 

ce,- 

ext 24,80 69,42 18,08 75,65 
fine 24,39 74,38 17,53 82,60 
med. 22,49 74,38 16,61 82,60 
coarse 22,60 74,38 16,42 82,60 

 

 

 

 

 

 

 

c Grid 
15° 180° 

Dn,% Req,% Dn,% Req,% 
GEKO k-ω (CSEP = 1.75) 

ce 

ext 19,40 65,21 12,70 81,88 
fine 19,56 70,28 12,34 84,05 
med. 21,59 70,28 13,87 84,05 
coarse 20,69 70,28 12,89 84,05 

ce,+ 

ext 30,74 62,16 20,24 55,55 
fine 32,04 70,27 19,97 61,11 
med. 30,77 70,27 19,57 61,11 
coarse 30,54 70,27 19,77 61,11 

ce,- 

ext 23,28 69,42 16,96 75,65 
fine 23,37 74,38 16,11 82,60 
med. 21,75 74,38 15,25 82,60 
coarse 21,81 74,38 15,10 82,60 

GEKO k-ω (CSEP =  1.25) 

ce 

ext 19,71 64,49 12,21 81,15 
fine 19,78 69,56 12,03 83,33 
med. 22,75 69,56 13,86 84,05 
coarse 21,79 69,56 13,00 84,05 

ce,+ 

ext 31,51 62,16 19,18 55,55 
fine 31,22 64,86 19,36 58,33 
med. 30,16 70,27 19,06 61,11 
coarse 31,07 70,27 19,28 61,11 

ce,- 

ext 20,84 69,42 14,90 75,65 
fine 21,56 72,72 14,86 79,13 
med. 20,59 74,38 14,74 82,60 
coarse 20,63 74,38 14,90 82,60 

 

The results show that the GEKO k-ω model 

with CSEP = 1.25 showed the best fit to the ex-

perimental data. In contrast, the widely used 

SST k-ω model showed the worst fit. 

For all the models, the cases without the influ-

ence of the surrounding buildings (180°) show 

significantly better fits to the experimental data 

than the ones accounting for it (15°). 

 

3.4 Results visualisation 

To better understand the flow regimes in the 

domain, the contours of the mean pressure 

coefficients and mean flow velocity obtained 

for the SST k-ω (coarse grid) model are 

presented. 



 

 

 
(a) 180º (windward) 

 
(b) 180º (leeward) 

 
(c) 15º (windward) 

 
(d) 15º (leeward) 

Figure 14. Mean pressure coefficient ce 

 
(a) 180º 

 
(b) 15º 

Figure 15. Mean flow velocity at 0.045 m 

 

4. CONCLUSIONS 

The following conclusions are made from the 

conducted research: 

1. Numerical models of a unique facility, the 

MTEC in Kemerovo, and the surrounding build-

ings have been developed in Ansys Fluent. A to-

tal of 2 wind directions (with and without the in-

fluence of the buildings), 3 levels of mesh detail-

ing (3.1, 5.6, 12.8 million cells) and 5 turbu-

lence models (SST k-ω, EARSM, GEKO k-ω 

(CSEP = 1.25, 1.75, 2.25)) were considered. 

2. A thorough verification has been carried out 

to investigate the iteration and grid independence 

of the solution: 

● Iteration and grid error can contribute 

significantly to the numerical solution results. 

To minimise this effect, it is necessary to use 

iterative averaging and improve the mesh 

quality for the bad areas. 

● The often recommended methods for 

extrapolating the solution to an infinitesimal 



 

 

mesh cannot simply be applied in general. 

Richardson extrapolation may give inadequate 

predictions for oscillatory convergence, while 

the approximate error spline may fail for 

monotone convergence. 

● For all turbulence models, the influence of 

the surrounding buildings negatively impacts 

the iteration and grid independence of the 

solution. This effect can be explained by the 

complexity of the flow structure. 

● The solution for all the turbulence models 

mostly (>80% of the points) demonstrates 

oscillatory behaviour on different meshes. 

● It has been found that the SST k-ω show the 

worst iteration and grid independence among 

the studied models. 

● The EARSM and GEKO models show 

significantly better iteration independence  

(eit < 15%), and decreasing the CSEP further 

improves it (eit < 5% for CSEP = 1.25). 

● The best grid independence is achieved for 

the EARSM model (Eg < 0.1), followed by 

GEKO (CSEP = 1.25), and the worst for GEKO 

(CSEP = 2.25) and SST (Eg < 0.4). 

3. A thorough validation has been carried out, 

which is a comparison of the numerical (CFD) 

and physical (WT) modelling results using the 

special metrics Dn and Req. 

● The application of RE and AES extrapolation 

methods did not lead to a systematic improve-

ment of the results (the fit with experiment), so 

these methods are not recommended the valida-

tion of structural aerodynamics problems. 

● For all the turbulence models, the influence 

of the surrounding building negatively impacts 

the fit to the experiment. This effect can be 

explained by the complexity of the flow 

structure. 

● The GEKO k-ω turbulence model with the pa-

rameter CSEP = 1.25 showed a significantly better 

fit to the experimental data for both mean and 

peak pressure coefficients’ values. This model is 

recommended for use in wind loads determina-

tion for relatively low buildings (meaning their 

height is less than both their width and length) in 

steady-state simulations. 

4. It is confirmed that Ansys Fluent allows the 

mean and peak wind loads determination on 

buildings of complex shape with the accuracy 

sufficient enough for practical purposes,  

provided that modern turbulence models and 

methods set out in the STO [15] are used. 
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