ﬁdicehub m SIGNA

CFD Study

BERLINER BREMSENWERK

Pedestrian Wind Comfort Assessment using
Computational Fluid Dynamics for the Berliner Bremsenwerk

dicehub.com v1.0



Project Pedestrian Wind Comfort Assessment using Computational Fluid
Dynamics for the Berliner Bremsenwerk

Document version v1.0
CFD study by dicehub GmbH
CFD study type Pedestrian Wind Comfort / Micro-Climate Analysis

Steady-state CFD simulation (16 directions)

Engineers Dipl.-Ing. Rostyslav Lyulinetskyy (Aerospace Eng.)
M.Sc. Karim Ali (Aerospace Eng.)

dicehub GmbH
Elbestrasse 36
55122 Mainz, Germany

Email: info@dicehub.com

Website: www.dicehub.com

dicehub | 1


mailto:info@dicehub.com
http://www.dicehub.com

Content

1. Executive Summary 4
2. Introduction 8
3. Project description 9
3.1. Analysis subject: Berliner Bremsenwerk 9
3.2. Objective and scope of the study 10
3.3. Building Geometry 11
3.4. Site Description 11
3.5. Meteorological Data 12
3.6. Regulatory Framework 14
3.7. Terrain roughness 15
4. Methodology 17
4.1. Overview of CFD 17
4.2. Model Selection 18
4.3. Geometric Modelling 18
4.4. Computational Domain 19
4.5. Computational Grid 21
4.6. Simulation Setup 22
4.6.1. Atmospheric Boundary Layer 22
4.6.2. Boundary Conditions 23
4.7. Other Simulation Parameters 24
5. CFD Results Analysis 25
5.1. Flow field at 2m height 25
5.2. Pressure coefficient for dominant wind directions 35
5.3. Velocity field and pressure coefficient for extreme weather conditions 37
6. Pedestrian Wind Comfort Assessment 38
6.1. Flow patterns around buildings 39
6.2. Mitigation Measures 40
6.3. Comfort Map 42
6.3.1. Lawson Comfort Criteria 42
6.3.2. NEN8100 Comfort Criteria 43
7. Climate Change Impact 44
8. Key Findings 45
9. Future Work 45
Appendix 46
Simulation procedure in dicehub 46
1. Create application 46
2. Import Geometry 46
3. Select site location 47
4. Select amount of wind directions for the study 47
References 48

dicehub | 2



dicehub | 3



1. Executive Summary

Purpose and Scope

The purpose of this report is to perform a Computational Fluid Dynamics (CFD) analysis for the Berliner

Bremsenwerk, a building located in Berlin. The analysis serves dual objectives: firstly, to evaluate Pedestrian

Wind Comfort (PWC) in the surrounding area and secondly, to assess the wind loads on the structure itself.

The scope encompasses CFD modeling, various simulation scenarios, and comprehensive assessments of

wind impact at both structural and pedestrian levels. These evaluations are pivotal for ensuring the building's

structural integrity, as well as the comfort and safety of pedestrians in its vicinity.

Study Conditions

The following table provides a view of the essential conditions and parameters that the study is based on:

Site location

Address

Latitude

Longitude

Wind Action Standard
Standard

Wind Exposure
Direction

Wind Data Source
Station

Distance to Site

Am Bremsenwerk 1, 10317 Berlin, Germany

52.505772°

13.473673°

EN 1991-1-4:2005+A1:2010

0° to 360°: Urban environment

Weather station DEU_BE_Berlin-Tempelhof.AP.103840_TMYx

Figure 1.1: Site location
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Figure 1.2: Site and weather station location (distance: 6.44 km)
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Figure 1.3: Wind rose (Weather station DEU_BE_Berlin-Tempelhof. AP.103840_TMYx)
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Direction [deg] Frequency [%] Velocity [m/s]
"""""""" 270 (W) T 126 e
90 (E) 10.89 3.40
180 () 8.85 2.72

247.5 (WSW) 8.10 4.12
202.5 (SSW) 7.93 4.36

225 (SW) 7.48 4.00
292.5 (WNW) 6.04 4.34
112.5 (ESE) 5.72 3.17
135 (SE) 5.02 2.79
315 (NW) 4.78 3.73
157.5 (SSE) 4.3 2.79
0 (N) 4.14 237
67.5 (ENE) 4.10 2.99
22.5 (NNE) 3.65 2.95
45 (NE) 3.19 2.95
337.5 (NNW) 3.15 3.14

Table 1.2: 10-m wind speed and frequency of occurrence for different
wind directions as measured by the weather station DEU_BE_Berlin-Tempelhof. AP.103840_TMYx
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Pedestrian Wind Comfort Map
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2. Introduction

In the modern era, the transition from costly physical tests to computer simulations has led to significant
savings in both time and costs. This change is visible across a broad range of sectors like aerospace, urban
planning, and manufacturing. One pivotal application of such simulation technologies, specifically
Computational Fluid Dynamics (CFD), is in the area of microclimate assessment in urban environments.

Figure 2.1: Examples for CFD studies in urban environment

Fueling this rapid transition are relentless advancements in numerical algorithms, alongside increasingly
cost-effective computational power. These have expanded the scope of CFD, empowering it to address
complex issues in urban wind engineering, ranging from wind loads on infrastructures like buildings and
bridges to more nuanced concerns such as Pedestrian Wind Comfort (PWC). The capability of CFD to offer
detailed wind flow insights at specific geographic locations, under both historical and prospective future
conditions, has found applications beyond urban planning, extending into climate and environmental

modeling.

Microclimate CFD analysis is a pivotal tool for both planning new structures and modifying existing ones. By
employing CFD techniques, we can dissect and visualize the wind patterns around a building or a site, thereby

understanding how different structural features influence airflow and comfort.

Particularly PWC is a critical aspect of a city's overall livability and is essential for the development of new
buildings as well as modifications to existing structures. PWC deals with how wind, altered by urban
elements like high-rise buildings, impacts people at ground level, sometimes even posing safety risks. For
example, changes to structures such as the Bremsenwerk complex can significantly alter local wind
conditions, making areas less comfortable or even hazardous for pedestrians. To address these concerns

effectively, a thorough understanding of wind flow patterns is indispensable.

Two trends exacerbate concerns about urban wind conditions: the escalation of climate change, leading to
more frequent extreme weather, and increasing urban density. In response, the European Union is
implementing legislation to mitigate these challenges, underscoring the critical role of microclimate analysis
in adapting urban areas for future resilience. Adding to this, cities such as London and Leeds have their own
"Wind Microclimate Guidelines for Developments," a trend expected to spread across European cities,
highlighting the need for thorough wind studies.

The core objective of this study is to gauge the wind conditions affecting pedestrian comfort at the newly

reconfigured Bremsenwerk site in Berlin, which is now disconnected from neighboring structures. Utilizing
wind comfort standards, the study aims to assess the suitability of various site sections for designated
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pedestrian activities, such as standing, sitting, and leisurely walking. The study is particularly focused on
identifying any hazardous areas that could jeopardize pedestrian safety. By analyzing 16 distinct wind
directions tailored to Berlin's unique weather conditions, the study narrows its focus on the most prevalent
and impactful wind patterns affecting the site. Given the increasing uncertainties related to climate change,

this investigation is crucial for future-proofing urban designs against imminent environmental changes.

3. Project description

3.1. Analysis subject: Berliner Bremsenwerk

The subject of this CFD analysis is the Bremsenwerk complex (Figure 3.1), located in a densely populated
area of Berlin. This location is currently undergoing renovation led by Signa Real Estate, which necessitates
an updated understanding of wind patterns. The study aims to understand how two main structural elements
affect the wind flow patterns around the building. The first is an elevated railroad near the building's facade,
expected to significantly impact the microclimate. The second is a recent architectural change: the
disconnection from a neighboring structure, which also likely influences wind dynamics. Both changes

underline the necessity of a comprehensive CFD study.

All necessary 3D geometric and environmental data for the analysis have been supplied by BIG (Bjarke Ingels
Group). The study aims to inform the ongoing renovation and prepare the structure for future challenges

related to urban density and climate change.

Figure 3.1: The Bremsenwerk complex in Berlin with nearby structures
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3.2. Objective and scope of the study

The primary goal is to assess pedestrian comfort in the altered geometry around the Bremsenwerk complex,
especially given the building's recent disconnection (Figure 3.2) from a neighboring structure. The study also
aims to understand how the local microclimate could evolve due to climate change. Wind comfort standards
will be applied to evaluate the site for various pedestrian activities such as sitting, walking, and standing. The
study employs a Computational Fluid Dynamics (CFD) approach, utilizing Reynolds-averaged Navier-Stokes
(RANS) equations for steady-state wind analysis. Sixteen different wind scenarios and directions have been
considered for comprehensive analysis. Outcomes will identify regions that may be distressing or hazardous
to pedestrians and propose possible solutions.

héfy

e

‘&,

-

Figure 3.2: Significant design change. Left: old configuration of the building,
Right: new configuration after disconnection from neighboring structure

In direct alignment with the EU Taxonomy? for sustainable activities, this study embodies key environmental
objectives, including climate change adaptation and the sustainable use and protection of urban areas. The
EU Taxonomy outlines six environmental objectives: climate change mitigation, climate change adaptation,
sustainable use and protection of water and marine resources, transition to a circular economy, pollution
prevention and control, and protection and restoration of biodiversity and ecosystems. PWC inherently deals
with adaptation to climate conditions, making it a pivotal aspect of sustainable urban planning. As the
taxonomy requires that an activity does 'no significant harm' (DNSH) to any of the outlined environmental

objectives, the emphasis on pedestrian comfort and safety in this study ensures compliance. Additionally,

! EU-Taxonomy: A classification system that defines what constitutes an environmentally sustainable economic activity within
the European Union. It aims to direct investments towards more sustainable technologies and businesses, providing specific
criteria for activities to be deemed sustainable. (https://eu-taxonomy.info/info/eu-taxonomy-overview)
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results aim to inform adaptive strategies that are in line with taxonomy criteria, thereby contributing to

long-term sustainable and resilient urban infrastructure.

3.3. Building Geometry

The provided building geometry for the Bremsenwerk complex (Figure 3.3) has dimensions of 170m in width,
260m in length, and 50m in height. The model is highly detailed, incorporating an elevated wall facing the
nearby elevated railroad. In areas with structures of significant scale, such as the Bremsenwerk complex,
localized wind conditions can vary widely. Lower wind speeds may be observed on the leeward side, while
the windward side and building edges may experience increased flow velocities due to aerodynamic effects
like channeling. Such specific flow conditions can lead to decreased wind comfort or even safety hazards.

Figure 3.3: The Bremsenwerk complex with dimensions 170m x 260m x 50m

With the building's recent disconnection from its neighboring structure, the local wind dynamics are expected
to change. Additionally, there are obstructions and entry points into the building's courtyard area that could
also influence local wind patterns. This makes it imperative to perform a detailed wind comfort study to
understand and adapt to these new conditions, thereby ensuring that areas around the complex remain
comfortable and safe for pedestrians.

3.4. Site Description

The Bremsenwerk complex is situated in a densely populated area, significantly influenced by surrounding
structures. Given the building's moderate height of approximately 50m, it is highly susceptible to aerodynamic
interactions with neighboring buildings of similar or greater height.
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The prevailing wind direction, detailed in the next chapter, predominantly comes from the West. The
environment extends 750m to the West from the building. A crucial element in shaping the site's wind
behavior to the North is the elevated railroad. To the East, the environment extends to about 2200m, with
multiple structures contributing to the site's wind dynamics. The extension of the environment from the
Bremsenwerk complex to the North and South is approximately 1500m. These dimensions provide the spatial
context within which the CFD analysis will be performed, offering a comprehensive understanding of how

wind flows are affected by distant structures as well as those immediately adjacent to the site.

3.5. Meteorological Data

e TUMUITEr Alfgq e

Stasi Museum
FRIEDRICHSHAIN L, A
e Site location
8
m O @963, & f
Bheckpoint Charlie @ o g g
2 Mercedes-Benz Arena F
§ a.$
FRIEDRICHSFE
O RUMMELSBURG
Jewish Museum
&7
KREUZEERG "%
09
o |
Vivantes Klinikum AL T
ot TREPTOW
GERKIEZ o
REUTERKIEZ N
Trepiuwér Park o
) Lros KARLSH
Volkspark Hasenheide DONAUKIEZ PARKSTADT
KARLSHORST
NEUKOLLN
PLANTERWALD (#]
Planterwald
&
& E"’,
WEISSE O G &
£ SIEDLUNG e P
= % % aris
[=1 (=6 Ri
5 %,
N %
£
2 N
E 00
~ Weather stati @
TEMPELHDF \ =

OBERSCHO!
BAUMSCHULENWEG

Figure 3.5: Site and weather station location (distance: 6.44 km)
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The Berlin-Tempelhof weather station was selected for this study due to its proximity to the building complex
and its extensive historical wind data. The station's long-term data set from 1938-2007 provides a robust
foundation for understanding prevailing wind patterns, crucial for accurate CFD simulations. The wind rose for
this weather station can be seen in Figure 3.6.

Figure 3.6 illustrates the long-term distribution of wind direction and speed at Berlin-Tempelhof Station,
taken at a height of 10m above ground level. The data set, spanning from 1938 to 2007, reveals a clear
predominance of wind coming from the western to southwestern directions. A secondary peak in wind
direction is observed from the east. Winds from northern directions are comparatively rare. The most
impactful wind velocities are especially frequent from the west and east. The long-term average wind speed
is measured at 4.05 m/s at a height of 10m.

==0.5 mis
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<=4 m/s
<=6 m/s
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<=10 mfs
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==14 mfs
<=16 mfs
<=18 m/s
=18 mfs

Figure 3.6: Wind rose for years 1938 - 2007
(Weather station at Berlin Tempelhof - DEU_BE_Berlin-Tempelhof.AP.103840_TMYx)

Table 3.1 provides the frequency and velocity of wind from 16 distinct directions around the Bremsenwerk
complex. These directions and their respective velocities will serve as the input conditions at the inlet of the
virtual wind tunnel for the CFD simulations. The most prevalent wind direction is from the West (270°) with a
frequency of 12.66% and a velocity of 4.31 m/s. Eastern winds (90°) follow with a 10.89% frequency but
lower velocity of 3.40 m/s. Winds from the West-Sout-West and South-West directions also show higher
velocities, generally exceeding 4 m/s. Conversely, winds from the North and North-East directions are least
frequent and have lower velocities. Given the variability in both wind direction and velocity, the 16 selected
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directions will serve as crucial input parameters for the CFD simulations, enabling a comprehensive

understanding of wind comfort around the complex.

Direction [deg] Frequency [%] Velocity [m/s]
T 270 (W) T 1266 am;
2 90 (E) 10.89 3.40
3 180 (S) 8.85 2.72
4 247.5 (WSW) 8.10 4.12
5 202.5 (SSW) 7.93 4.36
6 225 (SW) 7.48 4.00
7 2925 (WNW) 6.04 4.34
8 112.5 (ESE) 5.72 3.17
9 135 (SE) 5.02 2.79
10 315 (NW) 4.78 3.73
11 157.5 (SSE) 43 2.79
12 0 (N) 4.14 2.37
13 67.5 (ENE) 4.10 2.99
14 22.5 (NNE) 3.65 2.95
15 45 (NE) 3.19 2.95
16 337.5 (NNW) 3.15 3.14

Table 3.1: 16 10-m wind speed and frequency of occurrence for different
wind directions as measured by the weather station DEU_BE_Berlin-Tempelhof.AP.103840_TMYx

3.6. Regulatory Framework

In the absence of a dedicated regulatory framework for wind microclimate studies in Berlin, this study will
employ "EN 1991-1-4: Eurocode 1: Actions on Structures” as the governing standard.

The EN 1991-1-4: Eurocode 1: Actions on Structures standard is a European standard that outlines guidelines
for calculating wind loads on building structures. It serves as a critical foundation for computational fluid
dynamics (CFD) studies, like the one conducted here, which aim to simulate the wind environment around
built forms. Within the context of this study, the Eurocode standard provides the necessary criteria to estimate
acceptable wind pressures, flow velocities, and directions, enabling a robust, scientifically-backed assessment

of wind impacts on the building and its immediate environment.

Additionally, the City of London's recommended approach for wind microclimate studies serves as a relevant
reference due to the structural similarities between Berlin and London. The City of London's guidelines
suggest different methodologies for wind studies based on building height relative to surrounding structures
(Table 3.2).

Given that the building in this study stands at approximately 50m, aligning with the City of London's 25m to
50m category, it's appropriate to conduct either CFD simulations or wind tunnel tests to assess wind comfort.
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Similar or lower than the average Wind studies are not required, unless sensitive pedestrian

height of surrounding buildings activities are intended (e.g. around hospitals, transport hubs,
etc.) or the project is located on an exposed location (e.g. edge

Up to 26m of Thames, near a tall building)

Up to double the average height of Computational (CFD) Simulations OR Wind Tunnel Testing

surrounding buildings

25m to 50m

Up to 4 times the average height of Computational (CFD) Simulations AND Wind Tunnel Testing

surrounding buildings

50m to 100m

High-Rise Early Stage Massing Optimization: Wind Tunnel Testing OR
Computational (CFD) Simulations

Above 100m Detailed Design: Wind Tunnel Testing AND Computational

(CFD) Simulations to demonstrate the performance of the final
building design

Table 3.2: Recommended Approach to Wind Microclimate Studies
from the City of London Microclimate Guidelines from August 2019

3.7. Terrain roughness

Terrain roughness fundamentally dictates the wind velocity profile close to the ground, impacting both wind
speed and direction. It is a measure that encapsulates the features of the surface over which wind travels,
such as vegetation, buildings, and obstacles. The higher the roughness, the more wind speed near the ground
decreases, while smoother terrains allow for less frictional drag and higher speeds. For a detailed
understanding of how terrain roughness affects wind velocity profiles, refer to the figure below (Figure 3.7).
This factor is crucial for accurate Computational Fluid Dynamics (CFD) simulations and subsequent wind
comfort studies.

Gradient Height

1<Zo<5
{ Wind Velocity Profile ]
400
T 300 02<Z0<05
2
o 0.02 < Zo < 0.05
1
T 200
0.002 < Zo < 0.01
100 ~
Va. O ¢ -
, MTHY (L3540

Urban/Suburban m Flat/Sea

Velocity (m/s)

Figure 3.7: lllustration of different terrain categories and their impact on the wind velocity profile
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In compliance with Eurocode EN 1991-1-4, the table 3.3 categorizes terrain into five types, from open sea to

densely urbanized settings, each having corresponding roughness lengths (Wq). These categories serve as

critical input parameters for Computational Fluid Dynamics (CFD) studies, as they significantly influence wind

flow patterns and thereby the simulation's accuracy.

Terrain category [m] Roughness length [m]
0 Sea or coastal area exposed to the open sea 0.003
| Lakes or flat and horizontal area with negligible vegetation and 0.01

without obstacles

Il Area with low vegetation such as grass and isolated obstacles 0.05
(trees, buildings) with separations of at least 20 obstacle heights

i Area with regular cover of vegetation or buildings or with isolated 0.3
obstacles with separations of maximum 20 obstacle heights (such
as villages, suburban terrain, permanent forest)

\ Area in which at least 15 % of the surface is covered with buildings 1.0
and their average height exceeds 15 m

Table 3.3: Terrain categories and terrain parameters

In alignment with Eurocode's terrain categories, Table 3.2 specifies the roughness categories and
corresponding lengths for 16 distinct wind directions around the "Bremsenwerk" complex. Every direction is
classified as “urban” terrain, substantiated by a standardized roughness length of 1.00 m. This uniform metric
is attributable to the consistent building heights in the area, allowing for a single roughness length to be
applied universally. The simplicity introduced by this uniformity benefits the CFD simulation by streamlining
input variables without sacrificing accuracy in modeling terrain influences on wind conditions. These standard
roughness parameters are crucial inputs for the CFD simulation, acting as determinants for local wind flow
characteristics and thereby ensuring the precision of the wind comfort study.

Direction [deg] Terrain category [m] Roughness length [m]
"""""""" 270 3 A2 U - =Y o[ H

90 (E) Urban 1.00
180 () Urban 1.00
247.5 (WSW) Urban 1.00
202.5 (SSW) Urban 1.00
225 (SW) Urban 1.00
292.5 (WNW) Urban 1.00
112.5 (ESE) Urban 1.00
135 (SE) Urban 1.00
315 (NW) Urban 1.00
157.5 (SSE) Urban 1.00
0 (N) Urban 1.00
67.5 (ENE) Urban 1.00
22.5 (NNE) Urban 1.00
45 (NE) Urban 1.00
337.5 (NNW) Urban 1.00

Table 3.4: Roughness categories and corresponding lengths for varying wind directions, specifying terrain
characteristics that influence wind flow
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4. Methodology

4.1. Overview of CFD

Computational Fluid Dynamics (CFD) serves as a cornerstone for evaluating wind behavior and pedestrian
comfort, particularly due to its cost-efficiency and high degree of accuracy. It is a numerical technique used for
simulating fluid flows, including air, to assess various conditions like pedestrian wind comfort.

v
‘D(E#-D-Vv):—-Vp-i-V-T—é—f

PREPARING MESHING PHYSICS & MATHEMATICS SOLVING POST-PROCESSING
GEOMETRY MODELING

Pre-Processing Simulation Evaluation

Figure 4.1: CFD workflow from Pre-Processing to Evaluation

The CFD workflow (Figure 4.1) comprises five steps:

1. Preparing Geometry / Pre-Processing: This initial stage involves creating a geometric model of the
environment to be studied. The model can be as simple or complex as required, depending on the
questions being asked and the data being sought.

2. Meshing: The geometric model is then divided into a grid or mesh. Each cell within the mesh
represents a discrete region where the flow variables will be calculated. The quality and refinement of
the mesh are directly related to the accuracy of the simulation.

3. Physics & Mathematics Modeling: At this stage, the governing equations for fluid dynamics, such as
Navier-Stokes equations, are applied. Additional models may also be introduced to simulate
turbulence, heat transfer, or other relevant phenomena.

4. Solving Numerical Equations: The governing equations are solved iteratively for each cell in the
mesh. This is usually the most computationally intensive step, requiring powerful hardware or cluster
computing.

5. Evaluation: Once the numerical equations are solved, the data is assessed to derive useful metrics for
wind comfort. This includes examining various flow parameters like velocity, pressure, and
temperature to interpret how they impact pedestrian comfort levels.

By following these steps, CFD provides a comprehensive approach to understanding how changes in the
Bremsenwerk complex or any other architectural feature affect wind behavior and, consequently, pedestrian
comfort.
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4.2. Model Selection

For this study, the Reynolds-Averaged Navier-Stokes (RANS) equations have been selected as the governing
model. RANS is a class of modeling approaches that simplifies the Navier-Stokes equations by
time-averaging the equations of fluid motion. This provides a balance between computational cost and the
level of detail in the results, making it a practical choice for large-scale simulations like the one conducted for

the Bremsenwerk complex in Berlin.

One of the major advantages of using RANS is its efficacy in steady-state simulations, which is the case for
this study. Steady-state simulations assume that flow properties at any given point do not change over time.
This is a reasonable approximation for studying pedestrian wind comfort, as we are primarily interested in

long-term, averaged conditions rather than transient or fluctuating wind events.

The steady-state RANS approach offers a computationally efficient yet sufficiently accurate method for
capturing the wind flow patterns around the building and identifying areas of concern, such as zones where
wind speed accelerates at elevated levels. Thus, the selection of the RANS model is well-justified for the

goals and constraints of this particular study.

4.3. Geometric Modelling

Figure 4.2: Geometry used in the study

The geometry for the main building and its surrounding environment (Figure 3.4) was provided in a highly
detailed format. However, it was not watertight, a condition where all faces and edges of the geometry are
sealed with no gaps or holes. Watertight geometry is essential for CFD studies, as it ensures accurate
simulations and prevents numerical errors during fluid flow computations. To make the geometry suitable for
the CFD study, it was prepared to become watertight (Figure 4.3).
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building's frontal area (typically the area exposed to the wind) to the cross-sectional area of the wind

tunnel or total inlet area in the wind's direction.
These guidelines serve as a structured approach to achieving a well-configured and scientifically rigorous
computational domain. Aligned with these guidelines, three primary computational domain configurations

(Figure 4.6) are considered in this study:

Standard Box Rotating Box Cylindrical Domain
Advantages Straightforward setup Highest level of accuracy Efficient grid, balanced accuracy,
and versatility in simulating
various wind directions
Limitations Computationally demanding due Requires individual recalculations Increasing wake size inflates
to large grid; challenges in corner for each new wind direction, overall dimensions, raising
regions for certain wind directions increasing computational load computational costs

The cylindrical domain strikes a balance, providing a more efficient grid while maintaining acceptable
accuracy; its geometric design further enhances its versatility, allowing for effective simulation of winds from

various directions.

T

e

Figure 4.6: CFD Domains: Standard Box, Rotating Box, Cylindrical

In the Bremsenwerk case, the cylindrical domain (Figure 4.7) emerged as the optimal choice, not only for its
capability to efficiently manage simulations across 16 different wind directions but also because it allows for
the use of a single mesh for all simulations. This uniformity further streamlines the computational workflow

and simplifies the task of testing each computational grid for accuracy and errors.

H=6xH .

d =154 H pax

Figure 4.7: Selected cylindrical computational domain with ~ o7 as the height of the highest building
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Figure 5.3: Wind velocity at 2 m above ground, wind from 270°
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d, wind from 90°

Figure 5.4: Wind velocity at 2 m above groun

d, wind from 180°

Figure 5.5: Wind velocity at 2 m above groun
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Figure 5.7: Wind velocity at 2 m above ground, wind from 202.5°
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Figure 5.8: Wind velocity at 2 m above ground, wind from 225°

Figure 5.9: Wind velocity at 2 m above ground, wind from 292.5°
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3. Select site location

4. Select amount of wind directions for the study

5. Run and evaluate results
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