
Scientific Journals 	 Zeszyty Naukowe
of the Maritime University of Szczecin	 Akademii Morskiej w Szczecinie

Zeszyty Naukowe Akademii Morskiej w Szczecinie 60 (132)	 27

2019, 60 (132), 27–33 
ISSN 1733-8670 (Printed)	 Received: 	 14.11.2019 
ISSN 2392-0378 (Online)	 Accepted: 	 05.12.2019 
DOI: 10.17402/368	 Published:	 18.12.2019

Computational Fluid Dynamic study on the wind characteristics  
of a multifunctional building system model  
in developed coastal cities

Mateusz Gerigk1, Jacek Jachowski2
1	 Gdańsk University of Technology, Department of Housing and Architecture of Public Buildings 
11/12 Gabriela Narutowicza St., 80-233 Gdynia, Poland 
e-mail: mateusz.gerigk@pg.edu.pl

2	 Gdynia Maritime University, Department of Ship Operation 
81-87 Morska St., 81-225 Gdynia, Poland 
e-mail: j.jachowski@wn.umg.edu.pl

 corresponding author

Key words: architectural design, Computational Fluid Dynamic (CFD), multifunctional building, system 
model, optimization, sustainable environment

Abstract
This paper presents an approach for providing innovative technology by applying fluid mechanics to the field of 
architectural design. The aim is to make a building’s shape profitable and strengthen environmental protection 
by using the wind force to create an integrated wind absorption definition for a multifunctional building system 
model. Furthermore, taking control of the wind flow over an object can have an impact on not only the designed 
object itself but also on its surroundings. In modern coastal cities there are issues associated with the wind and 
ventilation that need to be solved. The presented system model and the calculations conducted are part of the 
new definition of a multifunctional object and the wind force as a significant subsystem. Systematizing this 
scope can be useful in design practice.

Introduction

The new trend of architectural design is becom-
ing very similar to ocean engineering. Advanced 
calculation procedures are becoming a standard 
part of the building design process. There are many 
examples of the practical use of Computational Flu-
id Dynamics (CFD) calculations in the design pro-
cess (Aydin & Mirzaei, 2017; Naboni, Lee & Fabbri, 
2017; Wu & Hsieh, 2017; Zhong, Zhang & Tamura, 
2019). The trend of using CFD seems to be increas-
ing (Jo, Jones, & Grant, 2018) which is beneficial in 
predicting the optimal structural solutions. Harness-
ing the potential of natural wind power at the design 
stage tends to create a more environmentally friend-
ly structure that fits into a dense urban environment 
(Allard, Ghiaus & Szucs, 2009).

By analyzing global wind power installations 
(Archer & Jacobson, 2005) it can be seen that water-
side land is the most profitable land for the appli-
cation of power generating installations. Further-
more, coastal urban areas are currently characterized 
by the most dynamic development (Barragán & de 
Andrés, 2015). Along with the intensification of spa-
tial development there is a concentration of urban 
tissue, where the control of air flow shows a large 
scope for the development of knowledge in the field 
of architectural structural design. Currently cities 
are characterized by intensive land use: as has been 
observed in the literature (Gerigk, 2017), multifunc-
tional structures are one of the predominant types of 
buildings in today’s urban agglomeration.

The topic of optimizing wind characteristics 
is suitable for the surroundings of a building (Shi, 
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Lu & Li, 2015), where the building’s impact on the 
environment is most significant. However, optimiza-
tion of wind characteristics is also dependent on how 
the designed structure makes use of the wind force 
(Kim, Jeon & Kim, 2016). Wind force can be used 
to induce wind flow for ventilation, both inside and 
outside the building, as well as to generate electricity 
using wind turbines. Wind power is one of the most 
important environmental factors that are required to 
be included in architectural design in order to create 
modern multifunctional buildings.

Creating a sustainable environment is a priority 
for modern cities. Some projects contain pro-eco-
logical elements, but their presence depends on the 
expectations of the investors. Not every design office 
has adequate knowledge regarding the implemen-
tation of advanced calculations in the use of wind 
energy. Within design optimization, it can provide 
a multifunctional building system model that can 
bring benefits for the developed environment.

Multifunctional buildings are one of the predom-
inant types of buildings in today’s urban agglomera-
tion. However, it is difficult to introduce any system-
atic change in developments that already exist. It can 
be said that the integration of functions in one build-
ing is currently associated with the expectations of 
an investor who defines his demands for the proj-
ect. From a theoretical and practical point of view, 
it would be beneficial to combine functions with 
respect to the wider environment; such an approach 
is beneficial not only for functional reasons. Multi-
functional systems also have a social, economic and 
environmental dimension (Gerigk, 2017), where the 
CFD approach is necessary to develop the project 
in the most efficient way. Creating a multifunctional 
building system model is a systematic way to define 
the design process in order to achieve the basic val-
ues of sustainable development (United Nations 

World Commission on Environment and Develop-
ment, 1987) (Figure 1).

Multifunctional building system model

The holistic representation of a multifunctional 
building system is a model that contains all the char-
acteristics of a building’s design. This is a combined 
theoretical model dedicated for a building’s complex 
system. By gathering the total amount of informa-
tion about a multifunctional building project, it can 
be described as a Multi-Criteria Model (MCM). 
Embracing all of the model’s components in a logi-
cal structure is crucial for the model’s structure. The 
Multi-Criteria Model is developed by defining the 
multifunctional building system, the basic criteria 
set and the stakeholder group and engaging them 
with the building’s life cycle phases.

The Multifunctional Building System (MBS) 
is defined by three main subsystems. The first two 
subsystems are the Internal Functional System (IFS) 
and the External Functional System (EFS). The third 
one is the External Environment System (EES); this 
system is presented in Figure 2. The MBS is the 
representation of all the physical elements that are 
included in the building project.

Figure 2. The Multifunctional Building System scheme

The Internal Functional System (IFS) is repre-
sented by the subsystems of the Functional System 

Figure 1. Scheme of the influence of a multifunctional building on sustainable development, presented in a Venn diagram 
(Gerigk, 2017). Venn diagram based on the literature (Lozano, 2008)
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(F), the Construction System (C) and the Technology 
System (T). This subsystem refers to the determined 
utilities that the building’s design tends to satisfy.

The External Functional System (EFS) includes 
Social Infrastructure (SI), Transportation Infrastruc-
ture (TI), City Logistics (CL), City Technical Infra-
structure (CTI), Waste Disposal (WD), and Weather 
Conditions (WC). The external parts of the subsys-
tem are the location elements that connect the build-
ing to the surrounding agglomeration.

The External Environment System (EES) is 
defined by Social Aspect (SA), Legal Conditions 
(LC), Management System (MS), Economic Aspect 
(EA) and Natural Environment (NE). The external 
environmental elements impose all the basic require-
ments for the building project.

The designed multifunctional building’s output 
depends on the defined Basic Criteria set which 
are: aesthetics (c1), functionality (c2), natural envi-
ronment protection (c3), system safety (c4), sys-
tem effectiveness (c5), and functional flexibility 
(c6). This set represents the basic requirements the 
designed structure must provide to the built environ-
ment, and all the stakeholders are obligated to imple-
ment them. 

The Stakeholder Group in the multifunctional 
building project are: the building owner (bo), the 

tenants (t), the staff (s), the occupants (o), the neigh-
bors (n), the municipality (m), the regulators (r), the 
designer (d), specialist engineers (se), the risk man-
ager (rm), the insurer (i), and the fire appraiser (fa).

In order to define each stage of the project, it 
is necessary to construct the building’s project life 
cycle. It contains the following phases: the initial 
work (p1), the concept (p2), the project (p3), con-
struction (p4), exploitation (p5) and finally the waste 
phase (p6).

Figure 3 presents the abovementioned compo-
nents combined into one system, where they form 
the Multi-Criteria Model (MCM).

The presented model has circular layers com-
posed of the presented sets of variables. The mul-
tifunctional building’s design process depends on 
the formation of relationships between the individ-
ual multilayer elements resulting in the next steps 
required to complete the project. This is the basis for 
the system’s development.

The multifunctional building’s wind 
absorption subsystem

In order to carry out the CFD optimization of 
the designed multifunctional structure, the Wind 
Absorption System (WAS) must be defined. This 

Figure 3. The Multi-Criteria Model scheme
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concept is a set of measures that are used to shape 
the building’s design, that make possible to use wind 
power to generate electricity and ventilation support.

The first parameter is the building’s dimensions – 
Physical Volume (pv). In a simplified form the multi-
functional structure is a high rise building about 150 
meters high with a 40 by 40-meter base. In the Phys-
ical Volume, four sections can be distinguished, they 
are: (A) – the top section, (B) – the middle section, 
(C) – the ground section and (D) – the facade.

The second parameter is the Wind Speed (ws). 
For the purpose of this theoretical example the wind 
speed is not precisely defined but its strength in 
meters per second is defined for the minimum (v1) 
near the ground, the maximum (v4) in the top part, 
and (v2, v3) in the middle part of the building. The 
wind velocity is simplified, depending on the wind 
profile’s interaction with the parts of the building. 
The wind analysis for a multifunctional building’s 
structure scheme with the parameters presented 
above is as shown in Figure 4.

The Wind Absorption System (WAS) is defined 
using a compilation of characteristics presented 
above, as shown in Figure 5. This subsystem’s main 
aim is to make the best use of the wind conditions, 
so the building’s section nodes are connected to the 
correct wind flow.

Figure 5. Wind Absorption System (WAS) scheme

Connections between the subsystem’s nodes are 
defined by the strength of the wind and its location. 
In Figure 6, the Wind Absorption System is joined 
to the Multi-Criteria Model as part of the complex 
system. The implementation of the wind absorption 
system is a process that determines how the wind 
power can be used and what influence it will have 
on the project.

CFD optimization of the wind 
characteristics

The CFD optimization of the wind characteris-
tics can be carried out by modifying the building’s 
shape. Depending on its purpose, the wind power 
can be useful in four ways: The first is to gener-
ate electrical energy, the second is to improve the 

Figure 4. Wind analysis for the multifunctional building’s structure scheme. Perspective on the left, top view on the right
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building’s ventilation, the third is to provide wind 
control for the surroundings for the users’ comfort, 
and finally adapting the building to this phenomenon 
can improve the structure’s rationalization.

In Figure 7, depending on the building’s parts, 
the CFD optimization possibilities are presented.

Figure 7a presents the modification of the top sec-
tion. In the top part of the building, the wind speed 
is the most favorable; by creating a wind inlet, it is 
possible to increase the wind speed.

In Figure 7b the situation is the same as in pre-
vious figure but with one exception; the wind is 
weaker.

For sections A and B, the most important goal is 
the possibility of using the renewable energy source 
through the use of wind turbines.

The modification of the ground section is shown 
in Figure 7c. The ground floor modification pro-
vides an undercutting effect that can have a posi-
tive effect on the city’s airflow. This can have the 
benefit of minimizing the effect of the strong ven-
tilation at ground level for pedestrians. Ensuring 
adequate ventilation can improve the living condi-
tions in this space. However, only operating with-
in the basement may not be sufficient, especially 
in a dense urban structure. It is possible to shape 
the facade in a way that would allow a supply of 

fresh air to be provided to the city. In addition, it 
is possible to shape the facade so that polluted air 
from the ground floor of the building is carried up 
and ejected from the upper part of the building as 
shown in Figure 7d, where the wind flow is depict-
ed by arrows.

Conclusions

In this paper, an integrated Wind Absorption Sys-
tem (WAS) has been defined for a multifunctional 
building’s system model. The building’s shape is 
profitable, and strengthens the environmental pro-
tection through the use of the wind force. By creat-
ing inlets and places for wind turbines to be located 
it is possible to produce electricity in a more effi-
cient way. Controlling the building’s shape near the 
ground and on its facade can solve the problem of 
a non-ventilated city center and make the city a more 
comfortable space for pedestrians. The use of CFD 
for the Wind Absorption System can improve the 
design of multifunctional buildings in developed 
coastal cities. From the analysis the building scale 
is defined as a high-rise object, so it can make the 
most of the wind conditions. The improvement of 
the presented Multi-Criteria Model with the Wind 
Absorption System has significantly developed 

Figure 6. Multi-Criteria Model (MCM) and Wind Absorption System (WAS) integration scheme
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the possibilities of the pro-ecological development 
of a building and its surroundings. Following the 
Multi-Criteria Model process, the Wind Absorption 

System depends on a specialist engineer to calculate 
the optimal shape of the building. As the theoretical 
model has been presented in this work, the next step 

Figure 7. A multifunctional building’s CFD shape optimization scheme; a) Optimization of the top section (A); b) Optimization 
of the middle section (B); c) Optimization of the ground section (C); d) Optimization of the facade (D)
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will be to define the design procedure and the com-
putational data.
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