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ABSTRACT 

Computational fluid dynamics (CFD) tools are widely 

used to address, among other things, large-scale urban 

climatic questions. CFD applications have the 

potential to provide whole-flow-field data, a detailed 

representation of the micro-climatic conditions within 

a complex urban geometry. However, the reliability of 

the predictions depends on wide range of variables and 

input assumptions.  

In the present study, we explore the predictive 

performance of a CFD tool with a statistical approach 

by comparing numerous site measurements and 

respective simulation results. This is followed by a 

parametric study that analyses the influence of a 

number of factors such as assumptions pertaining to 

geometry and surface properties, boundary conditions, 

and selection of the reference weather station. 

INTRODUCTION 

In the recent years, the awareness regarding the 

importance of the urban microclimate for the 

performance of buildings has been steadily growing. 

This has motivated, amongst other things, efforts to 

increasingly explore the potential of CFD applications 

toward district—level whole flow field analysis. The 

results of CFD-based studies have indeed the potential 

to effectively support both urban and architectural 

design.  However, predicting airflow around buildings 

in urban queries represents a number of challenges. 

These include the complex morphological structure of 

the urban areas, the relatively large domain sizes, data 

requirements pertaining to a considerable number of 

non-trivial input variables, and finally the central 

problem of model verification. Moreover, the fact that 

CFD are computationally rather expensive makes it 

difficult to conduct large-scale parametric studies.  

In the present contribution, we concentrate on 

questions regarding the predictive performance of 

CFD applications with regard to urban-level air flow 

analyses. Toward this end, we selected an urban 

segment located centrally in the city of Vienna, 

Austria. CFD-based simulations were performed for 

this area. Thereby, the computational domain was 

subjected to 217 variations of wind directions and 

wind speeds. On-site measurements were conducted 

for 280 intervals at 14 distinct pedestrian level 

locations. For two additional locations over the 

canopy layer data from standard weather stations was 

obtained. The results of the computational simulations 

were analyzed and comparisons with measurements 

were conducted. A sensitivity analysis addressed 

mode input and setting variations that have the 

potential to reduce model prediction errors. Moreover, 

we explored the potential of simulation model 

calibration using a small number of in situ 

measurements. 

CASE STUDY 

The urban area selected for measurement and 

modelling is a region of the city of Vienna called 

“Karlsplatz”. It was chosen for due to its proximity to 

the city center and high pedestrian traffic.  

Even though Vienna´s altitude ranges from 151 m to 

524 m, the terrain is rather flat especially in the city 

center (~170 m above sea level). The maximum terrain 

height difference is 10 m. The area of interest 

modelled (with a diameter of roughly 1 km) and 

consists mainly of residential and administrative 

buildings that range between heights of 20 to 40 m. 

MEASUREMENTS 

Measurements took place in various time steps from 

the months of July 2013 to October 2013. Wind speed 

and wind direction values in 14 distinct pedestrian 

level height locations and two urban canopy layer 

locations were measured.  

Two standard weather stations, which generate 

continuous stream of data, were utilized for urban 

canopy layer (UCL) measurements: (1) “Wien Innere 

Stadt” (WIS) a weather station of the Central 

Institution for Meteorology and Geodynamics 

(Zentralanstalt für Meteorologie und Geodynamik, 

ZAMG). It is installed at a height of 52 m above street 

level and 2 m above the rooftop. (2) The weather 

station from the Department of Building Physics and 

Building Ecology of Vienna University of 

Technology, referred as BPI. It is located at a height 

of 42 m above street level and 2 m over the roof 

surface.  

Pedestrian level (PL) measurements are conducted by 

a mobile weather station at a height of 1.4 m in 14 

various selected locations with 30-minute time 

intervals. Thereby, various streets, courtyards, and 

plazas were covered (positions C1 to C3, P1 to P7, and 
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S1 to S4, Figure 1). Each location was measured 20 

times, and in total 280 different measurements were 

obtained.  

 

Figure 1: Measurement locations WIS, BPI and MS 

locations defined by P (plaza), S (street) and C 

(courtyard) 

CFD MODEL 

The following steps were followed for the simulations: 

(1) CAD model preparation, (2) mesh generation, (3) 

CFD solution of the flow, and (4) visualization of the 

results. ANSYS® Meshing was used for mesh 

generation, ANSYS® FLUENT 14.5 was used as the 

solver, and ANSYS® CFD-Post for post-processing 

(ANSYS 2014). 

Model Geometry Approximations 

The model encloses a space of 3000 m long, 2600 m 

wide and 500 m high. A ground surface model with 

zero height difference was modeled since the area of 

interest has a rather flat terrain. It is separated into 

three parts (Figure 2):  

 

Figure 2: Representation of the spatial model 

(1) The core (region of interest) is positioned in the 

center of the model where the pedestrian level and BPI 

measurements took place. Buildings are modelled 

explicitly with more details in this area than the other 

two in order to obtain more precise simulation results. 

(2) The domain (intermediate region) with the 

modelled urban fabric: Four additional street blocks 

around the core were modeled. Building blocks were 

defined implicitly only by their main shape within a 

radius of 500 m.  

(3) The "empty" flow field (outer region) was modeled 

around the domain developing a uniform wind profile, 

essential for horizontally homogenous flow.  

Computational Grid 

The quality of the grid has a notable effect on 

simulation results (Hirsch 2007). A grid sensitivity 

analysis was conducted with a coarse (1958234 cells), 

a medium (6915648 cells), and a fine mesh (20343291 

cells). Simulations suggest that the medium option has 

resulted in lower errors when compared to coarse and 

fine mesh. However, note that a total of 648 

simulations were conducted in this study. Since CFD 

applications are computationally expensive, 

simplifications in geometry and mesh size are 

occasionally unavoidable. In the present case, the 

ramifications of selecting a coarse mesh (slightly 

higher error rate) appeared to be justified.  

 

Figure 3: Computational Grid 

With the support of several best practice guidelines 

(Casey and Wintergerste 2000, Franke et al. 2004, 

Franke et al. 2007, Britter & Schatzmann 2007, 

Tominaga et al. 2008, Blocken and Gualtieri 2012), 

the coarse mesh was improved by fulfilling the 

requirements for a well-performing grid. For instance, 

between building blocks, at least 8 cells in core and 3 

cells in domain part were generated, the ratio between 

two consecutive cells was adjusted to 1.2, and the first 

5 cells of the whole ground surface and the wall 

surfaces in core were made parallel to the wall 

surfaces. As a result, an unstructured grid consisting 

of 2266407 cells (see Figure 3) was generated. Each 

simulation took eight hours of calculation time and 

even though parallel simulations were conducted, the 

whole experiment needed 128 days to be completed. 
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PHYSICAL MODEL 

General Boundary conditions 

The inlet outlet boundaries were defined depending on 

the reference wind direction. The top of the domain 

was defined as “symmetry”. The ground surface and 

the building surfaces were assigned as walls.  

Zero static pressure was imposed at outlets and 

standard wall functions were applied at the walls 

(Launder et al. 1974). Fluent 14.5 was used to solve 

3D steady RANS equations along with a realizable k-

Ɛ turbulence model (Shih et.al. 1995, Blocken et al. 

2009); second order discretization schemes were 

applied for viscous terms and a SIMPLE algorithm 

was used for pressure velocity coupling. Default 

values were used for the rest of the settings. The 

simulations were stopped after 3,000 iterations when 

the scaled residuals showed no further convergence. 

The y+ values are calculated according to eq. (1): 

𝑦+ =
(𝑦𝑝𝑈∗)

𝑣
   (1) 

yp = distance from the center point, P, of the model's 

lowermost boundary wall cell to the ground; U* = 

wall-function friction velocity; v = kinematic viscosity  

The y+ values are in the range of 1800 to 15500, which 

are considerably over the recommended value of 500 

to 1000. Even if the y+ value exceeds the upper limit 

without reducing the performance of the flow velocity, 

standard wall functions are still deployed in CFD 

simulations for ABL flows (Blocken et al. 2007). van 

Hoof and Blocken (2010a, 2010b) conducted 

respective validation studies. 

Base Case Scenario 

In the beginning, the possibility of weather station 

deployment inside the model to define the inlet 

boundary conditions was explored. WIS is chosen 

since it is mounted at a higher level than BPI and is 

not blocked by other buildings. 

At the inlet of the domain, a power law wind speed 

profile representing a neutral atmospheric boundary 

layer is derived from the power-law assumption (eq. 

2): 

V(z) = Vref (
z

href
)

α

  (2) 

z = the elevation; Vref = reference wind speed; href = 

height of the weather station above street level.  

The profile is prescribed by the power law exponent 

α=0.33 (ASCE 1999). 

280 measured cases were categorized and cases with 

similar boundary conditions were eliminated. As a 

result, 217 simulations were conducted in this 

scenario.  

To conduct the simulations in a manageable time 

period, in simulation scenarios from 1-5A a subset of 

these cases containing a whole error distribution 

resemblance were selected.  

First Scenario 

The base case scenario underestimated the wind speed 

measurements. Accordingly, in this scenario, it was 

investigated to determine if by simply using a higher 

reference wind speed Vref of 40%, the results would 

improve by a similar degree.  

Second Scenario 

Another weather station, referred to as AKH (located 

2 km away from the interest area and mounted 96 m 

above the street level and 8 m above the rooftop), was 

employed for defining the boundary inlet conditions. 

AKH is maintained by the Municipal Department of 

Environmental Protection in Vienna (MA22).  

Third Scenario 

This scenario is similar to the base case except in this 

scenario, instead of power-law assumption, the effect 

of the logarithmic-law assumption on the domain was 

observed eq. (3) 

𝑈(𝑧) =
𝑈𝐴𝐵𝐿

∗

𝜅
𝑙𝑛 (

𝑧+𝑧0

𝑧0
)  (3) 

 z0 = denotes the aerodynamic roughness length, U*ABL 

= ABL friction velocity; Ƙ = von Karman Constant 

(0.42)  

Forth Scenario 

Roughness modifications have the potential to 

improve simulation results specifically at near-wall 

areas (Blocken et al. 2007).  The roughnees height for 

the ground surface of the empty flow field is 

calculated by eq. (4): 

ks =
9.783 z0

Cs
    (4) 

ks = sand grain roughness height; Cs = roughness 

constant 

𝑧0 is not given as an input parameter in Fluent. It is 

calculated by adjusting the product of 𝑘𝑠𝐶𝑠. Also, 𝑘𝑠 

values larger than 𝑦𝑃 are not allowed. Therefore, 𝐶𝑠 

was chosen to control the roughness modification. The 

ground of the empty flow field was specified with 

ks=0.7 and Cs =7 (assuming a z0 of 0.5 m). 
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Table 1: 

Summary information of Scenarios 

Parametric 

Scenarios 

Meteoro-

logical 

data 

Wind 

Profile 
Other Boundary conditions 

Number 

of 

Simulati

ons 

Sample 

space 

Simulated 

locations 

Base Case WIS 

Power 

Law; 

α=0.33 

Wall roughness: Ks=0 m; Cs=0.5 

Specification Method: Intensity and 

viscosity ratio 

217 840 All 

1st Scenario 

Corrected 

WIS 

wind 

speed 

Power 

Law; 

α=0.33 

Wall roughness: Ks=0 m; Cs=0.5 

Specification Method: Intensity and 

viscosity ratio 

55 165 
WIS, BPI, C2, 

P2, S4 

2nd Scenario AKH 

Power 

Law; 

α=0.33 

Wall roughness: Ks=0 m; Cs=0.5 

Specification Method: Intensity and 

viscosity ratio 

55 165 
WIS, BPI, C2, 

P2, S4 

3rd Scenario AKH 
Log Law; 

𝑧0 = 0.5 𝑚 

Wall roughness: Ks=0 m; Cs=0.5 

Specification Method: Intensity and 

viscosity ratio 

55 165 
WIS, BPI, C2, 

P2, S4 

4th Scenario AKH 
Log Law; 

𝑧0 = 0.5 𝑚 

Wall roughness: Free field ground 

surface:  

Ks=0.7 m, Cs=7 

Specification Method: Intensity and 

viscosity ratio 

55 165 
WIS, BPI, C2, 

P2, S4 

5th Scenario-A AKH 
Log Law; 

𝑧0 = 0.5 𝑚 

Wall roughness: Free field and 

domain ground surface: Ks=0.7 m, 

Cs=7; core ground surface Ks=0.59 m, 

Cs=0.5 

Specification Method: K-ε 

55 165 
WIS, BPI, C2, 

P2, S4 

5th Scenario-B AKH 
Log Law; 

𝑧0 = 0.5 𝑚 

Wall roughness: Free field and 

domain ground surface: Ks=0.7 m, 

Cs=7; core ground surface Ks=0.59 m, 

Cs=0.5 

Specification Method: K-ε 

156 546 

WIS, BPI, C2, 

P2, S4, 

C3, P3, P4, 

P6, P7, S1, S3 

Empirical 

calibration 
     - 546 

WIS, BPI, C2, 

P2, S4, 

C3, P3, P4, 

P6, P7, S1, S3 

Fifth Scenario 

The turbulence method was specified in this scenario 

by defining the turbulent kinetic energy, k (m2/s2),(eq. 

5) and the turbulent dissipation rate, Ɛ (m2/s3)(eq. 6) 

(Richards and Hoxey 1993) since turbulent profiles 

especially affect the horizontal homogeneity of the 

upstream flow.  

𝑘(𝑧) =
𝑈𝐴𝐵𝐿

∗2

√𝐶𝜇
   (5) 

𝜀(𝑧) =
𝑈𝐴𝐵𝐿

∗3

𝜅(𝑧+𝑧0)
   (6) 

Cµ is a constant of standard k- Ɛ model (0.09).   

Additional roughness parameters for the other ground 

surfaces were defined (Table 2). 

Firstly, the subset was run for this scenario (Fifth 

Scenario-A). When the results agree better with 

measurements than any of the other scenarios, the 

sample space was enlarged by conducting more 

simulations (Fifth Scenario-B). 

Table 2: 

Roughness parameters for the fifth scenario 

 Ks [m] Cs z0 [m] 

Core 0.59 0.5 0.03 

Domain 0.7 7 0.5 

Flow field 0.7 7 0.5 

Empirical calibration 

The objective of this scenario was to explore a simple 

calibration method to achieve better overall agreement 

between the measured and simulated data. The 

calibration was performed using the 5th Scenario-B. 

One third of the cases were selected and translated into 

a linear correlation factor; the same was performed for 

the rest of the cases.  

A summary of the scenarios is provided in Table 1. 
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RESULTS 

Measurement Results 

Cumulative distributions of measured wind speed 

values for urban canopy layer (UCL) and pedestrian 

level (PL) locations are summarized in Figure 4 and 

Table 3.  

Table 3: 

Measured wind speed values below specific 

thresholds 

 UCL PL 

90th percentile 6.1 m/s 1.8 m/s 

Values below 3.3 m/s (light 

breeze, Beafourt Scale 2) 
40% 100% 

 
Figure 4: Cumulative Distributions of measured 

wind speed values for UCL and PL locations 

Evaluation of the wind speed results 

Four model evaluation statistics were used to compare 

measurements and simulations. The first statistics are 

“mean error” (ME) (eq. 7), “Coefficient of 

determination” (R2) (eq. 8), the “Coefficient of 

Variation of Root Mean Squared Deviations” 

(CV(RMSD)) (eq. 9 and 10), and relative error (11).  

𝑀𝐸 =
∑ 𝑠𝑖−𝑚𝑖

𝑛
𝑖=1

𝑛
   (7) 

𝑅2 = (
𝑛 ∑ 𝑚𝑖𝑠𝑖−∑ 𝑚𝑖 ∑ 𝑠𝑖

√(𝑛 ∑ 𝑚𝑖
2−(∑ 𝑚𝑖)2)(𝑛 ∑ 𝑠𝑖

2−(∑ 𝑠𝑖)2)

)

2

 (8) 

𝑅𝑀𝑆𝐷 = √∑ (𝑚𝑖−𝑠𝑖)2𝑛
𝑖=1

𝑛
  (9) 

𝐶𝑉(𝑅𝑀𝑆𝐷) =  
𝑅𝑀𝑆𝐷

𝑚
   (10) 

𝑅𝐸 = (
𝑠𝑖−𝑚𝑖

𝑚𝑖
) 𝑥100   (11) 

mi = measured value; si = simulated value. 𝑚 = mean 

value of the measured data 

Comparisons between measured and simulated of 

wind speed values for several scenarios are illustrated 

in Figure 5-7.  

 

Figure 5: Comparison between measurements and 

simulations in the base case scenario 

 
Figure 6: Comparison between measurements and 

simulations in 5thScenario-B 

 
Figure 7: Comparison between measurements and 

simulations in empirical calibration 

Both wind speed and wind direction results were 

evaluated in two different categories: UCL and PL. 

Since PL locations are at a height of 1.4 m, they can 
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be influenced by the viscous sub-layer. Table 4 and 5 

summarize the evaluation statistics indicators for each 

category. 

Table 4: 

Urban canopy layer simulation error statistics for 

wind speeds of all scenarios 

Scenario R2 

Mean Error 

[m/s] RMSD 

CV 

(RMSD) 

Base Case 0.53 -1.34 1.85 0.78 

1st Scenario 0.64 -1.01 1.52 0.57 

2nd Scenario 0.68 -1.20 1.6 0.64 

3rd Scenario 0.70 -1.03 1.45 0.55 

4th Scenario 0.72 -1.03 1.43 0.54 

5th Scenario-A 0.73 -0.99 1.39 0.51 

5th Scenario-B 0.69 -0.97 1.42 0.50 

Empirical 

Calibration 0.69 0.20 1.25 0.31 

Table 5: 

Pedestrian level simulation error statistics for wind 

speeds of all scenarios 

Scenario R2 

Mean Error 

[m/s] RMSD 

CV 

(RMSD) 

Base Case 0.28 -0.54 0.73 1.20 

1st Scenario 0.23 -0.49 0.73 1.26 

2nd Scenario 0.42 -0.65 0.80 1.90 

3rd Scenario 0.46 -0.62 0.75 1.63 

4th Scenario 0.50 -0.56 0.70 1.35 

5th Scenario-A 0.55 -0.67 0.79 1.98 

5th Scenario-B 0.30 -0.58 0.75 1.27 

Empirical 

Calibration 0.30 -0.15 0.58 0.57 

Cumulative distributions of relative errors for each 

simulation scenario were calculated. Table 6 

summarizes percentages of these observations below 

specific thresholds. 

Table 6: 

Percentage of observations below specific thresholds 

 

Percentage of 

observations below 

±20% of relative 

error 

The 90th 

percentile of 

relative error 

results 

Scenario UCL PL UCL PL 

Base Case 23% 14% 65 88 

1st Scenario 28% 14% 50 84 

2nd Scenario 19% 4% 51 87 

3rd Scenario 23% 6% 47 87 

4th Scenario 23% 9% 53 86 

5th Scenario-A 26% 4% 51 93 

5th Scenario-B 28% 6% 51 85 

Empirical 

Calibration 
40% 31% 52 78 

High relative errors encountered especially in PL 

locations. Since the measured values in these locations 

have lower values compared to UCL locations. Wind 

speed absolute errors are calculated for PL locations 

and categorized depending upon the terrain and 

building morphology into courtyards, plazas and 

streets (Figure 8). 

 

Figure 8: Wind speed absolute error distributions for 

PL locations in base case scenario 

Evaluation of the wind direction results 

The 360° of the circle correspond exactly to 360° 

degrees of wind direction, with 360° of wind origin 

north-allocated; the distribution is clockwise. The 

categorization of wind direction is summarized in 

Table 7.  

Table 7: 

Wind Categories 

Wind direction in degrees Wind category 

337.5°-22.5° N 

22.5°-67.5° NE 

67.5°-112.5° E 

112.5°-157.5° SE 

157.5°-202.5° S 

202.5°-247.5° SW 

247.5°-292.5° W 

292.5°-337.5° NW 

In order to eliminate errors in the range of 337.5° to 

22.5°, where north is assigned, the absolute errors of 

wind direction values are calculated by the following 

formula (eq. 12): 

𝐴𝐸(𝑊𝐷) = {
||𝑠𝑖−𝑚𝑖| − 360|, |𝑠𝑖 − 𝑚𝑖| < 180
              |𝑠𝑖 − 𝑚𝑖|, |𝑠𝑖 − 𝑚𝑖| ≥ 180

 (12) 
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Cumulative distributions of these absolute errors are 

calculated. Table 8 represents the percentage of errors 

below 36°. The “36°” threshold could arguably be 

seen as the minimum performance requirement of 

CFD models for wind direction prediction. 

Table 8: 

Percentages of the observed absolute errors below 

36° 

 
Overall 

[%] 
PL [%] UCL [%] 

Base Case 74 31 95 

1st Scenario 71 13 100 

2nd Scenario 56 16 76 

3rd Scenario 55 16 75 

4th Scenario 54 13 75 

5th Scenario-A 56 15 77 

5th Scenario-B 65 29 83 

DISCUSSION AND CONLUSION  

By employing the basic settings for the simulations 

and with the largest sample size, the base-case 

scenario provides a general understanding of the 

predictive performance of the CFD application. 

Predictions are consistently lower than the actual 

values (Figure 5).   

As it is shown in the tables 4 and 5 certain adjustments 

in modelling assumptions and settings could improve 

the simulation results of wind speed values. Beginning 

with the first scenario, as a direct result of increasing 

the forcing wind speed, simulation results showed an 

improvement. At UCL locations the wind direction 

results are improved while at PL locations absolute 

errors were increased (Table 8).  

The selection of AKH as reference weather station in 

the 2nd scenario, the model obtained a better agreement 

on the regression line and CV(RMSD) value was 

decreased in UCL locations (Table 4 and 5). However, 

the absolute errors of wind direction values increased 

for both UCL and PL locations (Table 8).  

The log-law wind profile assumption in 3rd Scenario 

and roughness modifications in 4th Scenario improved 

the wind speed results (Table 4 and 5) while showing 

little changes for wind direction results (Table 8).  

When WIS is utilized to define the reference wind 

parameters the CFD application responded better in 

terms of wind direction results. Conversely, 

employing AKH reduced the predictive performance 

for this variable. However, by the end of the 

parametric study (in 5th Scenario-B) absolute errors of 

wind direction results are reduced and close values to 

the base case scenario were achieved. When both wind 

speed and wind direction variables are considered the 

5th Scenario-B shows better results (Table 4,5,6 and 

8).  

As it is illustrated in Figure 5 and 6 the CFD 

simulations are underestimating the actual wind speed 

values. In this perspective we proposed a simple 

calibration method to reduce the systematic error. 5th 

Scenario-A showed the best correlation between 

measured and simulated wind speed values (Table 4 

and 5). Therefore, the sample size was enlarged by 

simulating additional cases (5th Scenario-B). Thus a 

larger sample size for empirical calibration was 

provided. The empirical calibration reduced the mean 

error substantially for both UCL and PL locations 

(Table 4 and 5, Figure 7). Additionally, by this 

scenario the percentage of observations below ±20% 

of relative error was increased from 23% (base case 

scenario) to 40% (Table 6).  

At UCL locations the CFD application showed better 

results for both wind speed and direction variables 

than PL (Table 4,5,6 and 8). On the other hand, 90th 

percentile of the measured wind speed values at PL 

locations are below 1.8 m/s (Figure 4, Table 3), which 

is considered as a light breeze according to Beaufort 

Scale (Watts 1999). The majority of the absolute 

errors at these locations in the base case scenario are 

below 0.5 m/s (Figure 8). Given this relatively low 

error level, the study can be said to illustrate the 

decision support potential of the process.    

The parametric study showed that simulations related 

to this case could be improved to a certain extent. 

However, a systematic error still remains and can be 

explained by several factors:  

 Near to the ground surface wind is unstable 

since it is affected by the surrounding elements: 

building blocks, cars, vegetation, water bodies 

and even the occupancy load. These 

characteristics are eliminated during the 

simplification of the geometrical model.  

 Similarly, a coarse mesh was employed in 

order to reduce the computational load.  

 Physical conditions were also simplified. 

Variables such as air temperature, pressure and 

viscosity of the air were defined in terms of 

default values regardless of the actual 

conditions. 

In order to address these uncertainties, we proposed a 

simple empirical calibration method to adjust the 

prediction results according to site measurements. The 

empirical calibration showed a better agreement with 

the measurement results and reduced the mean error to 

0.20m/s at UCL and -0.15 m/s at PL locations (see 

Figure 7, Table 4-5). 

The CFD model was instantiated for 217 variations of 

wind speed and wind direction values. Thus, a general 

understanding of the air flow in an urban segment was 

obtained. This allows in general to formulated design 

recommendations in cases where free-field air flow 

patterns play an important role.   

Given the complex structure of an urban environment, 

the high number of input parameters used in an CFD 

application and the required computational cost and 

effort, proper studies require a certain level of 

expertise from the users. The present contribution 
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aimed at documenting measures that could increase 

the usability and deployment potential of numeric 

simulation via simplifications made in domain 

geometry, mesh and physical conditions, and the 

empirical calibration method.  

CFD applications are computationally expensive and 

cannot be used as a standalone tool because of 

validation and verification problem. Nevertheless, if 

applied carefully, CFD-based studies have the 

potential to efficiently support district-level air flow 

studies.  
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