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Abstract 

Urban form is consisting of several complex parameters 

which can affect urban microclimate in the energy 

calculations; most importantly the geometry of buildings, 

streets and canopies. This study with a novel design-based 

approach generates 400 urban forms in the context of a 

dense urban area to evaluate the air flow and consequently 

the ventilation potential with the aids of CFD simulations 

in the warm months. Results, indicating the impacts of 

urban form on microclimate showed that by adopting 
some design-based suggestions, ventilation potential can 

be increased up to 17.5% even in severe air pollution 

conditions. 

 

 Introduction 

The rapid urbanization growth and the consequent 

changes in the urban built environment in the last century 

resulted in several crises in the energy consumption and 

air pollution in the cities (Cohen 2006; Frayssinet et al. 

2018). In Iran –as a developing country– the urban 

population has grown from 50.6% in 1987 to 74% in 2016 

(Censuses 2016). On the other hand, energy consumption 
per capita in Iran (1.06% of the world population) is five 

times higher than the world average (Mahdavinejad and 

Javanroodi 2014). The electricity consumption growth in 

Iran is more than twice of the global average while more 

than 33% of the annual electricity production is consumed 

for cooling load in the cities (Iran Energy Efficiency 

Organization 2015). Cooling demand during hot seasons 

(April to September) introduces very large peak loads on 

the electricity network. This situation is induced by 

several factors such as climatic conditions, air pollution, 

poor design and inefficient construction of buildings and 

HVAC systems (e.g. using typical “Evaporative Air-
Cooler” in more than 70% of buildings in cities with very 

poor efficiency). Moreover, the lack of practical building 

codes and regulations for having low-energy and 

sustainable buildings is critical in the country (Javanroodi 

et al, 2019). Thus, ventilation methods and wind profile 

and patterns in cities to cause ventilation is one of the 

main issues to be addressed in Iran. Recently, some 

attempts have been made to establish a national low-

energy construction regulation (the most recent one is 

National construction regulation No.19) (CEO, 2009) 

based on modern concepts similar to LEED in the US, 
CGBL in China, DGNB in Germany, HQE in France and 

BREEAM in UK  (Gou et al. 2018; Verbeke and 

Audenaert 2018). However, results are not satisfying in 

practice and unfortunately not enough attention has been 
paid to include designers in the process. While, the Iranian 

traditional architecture has a rich history of passive 

strategies through several elements such as wind towers, 

domed roofs, courtyards, and urban climate responsive 

forms. This traditional wisdom is mostly neglected in the 

rapid constructions during the last decades; while they can 

be implemented in the context of modern urban 

neighborhoods.  

Urban form as the geometrical shape of an urban area or 

neighborhood consists of several parameters and 

variables (Srebric et al., 2015). The influencing 

parameters for modeling the urban form of an area or 

neighborhood are studied by several research works 

(Kavgic et al. 2010; Keirstead et al., 2012). For example, 

parameters such as built density (Taleghani et al. 2013), 

overall geometrical shape streets and canopies (Chen and 

Hong 2018), the orientation of buildings (Chatzidimitriou 

and Axarli 2017) and other developed parameters 
(Mohajeri et al. 2016; Wong et al. 2011). On the other 

hand, for evaluating microclimate indicators like wind or 

temperature profiles in an urban area, experimental 

methods (such as measurements (Shimazaki et al. 2011) 

or experiments in laboratories(Farea et al. 2015) or 

numerical methods (Srebric et al. 2015) are applied. For 

large-scale and hypothetical design cases for newly built 

areas, numerical methods as a flexible technique for 

calculating wind profiles (Hong and Lin, 2015) are mostly 

adopted by means of computational fluid dynamics (CFD) 

using tools such as ANSYS Fluent and OpenFOAM 
(Allegrini and Carmeliet 2017; Toparlar et al. 2015), 

ENVI-met (Taleghani et al. 2013) or other tools 

(Samuelson et al. 2016; Wurtz et al., 2006). This study 

adopts Realizable k-ɛ turbulence standard model as the 

CFD approach for study wind patterns and velocity as one 

of the most important microclimate indicators in 

designing newly-built urban areas and calculating energy 

demand using a validated combination of ANSYS Fluent 

and Autodesk CFD.  

With this background, this study aims to evaluate the 

impacts of urban form on the microclimate in the dense 

urban areas while investigating the wind flow patterns and 

ventilation potentials. Authors took Tehran as the case 

study considering its issues in rapid urbanization and 

severe air pollution which makes it difficult to use typical 

passive methods such as natural ventilation (Emadodin et 
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al., 2016).  A twelve-story office building with an open 

plan designed as the reference building within a 

hypothetical urban area which is modeled by generating 

400 urban forms based on a novel design-based approach 

representing an overall form of surrounding buildings. 

The main novelty of the paper is attempting to introduce 

a design-based approach to investigate and design newly-

built urban areas which can take into account the 

important urban physical characteristics in urban design. 

This approach has the possibility to= develop general and 

easy-to-use regulations and recommendations with 

language that is applicable for architects and urban 

designers. Moreover, considering severe air pollution of 

Tehran, a passive/active ventilation system based on 

ancient wind towers located on the roof of the reference 

building. 

In this regards, in the Methods Section, the novel design-

based approach is presented and discussed for the case 

study, and 400 urban form models are generated and 

simulation tools, governing equations, boundary 

conditions, and weather data are thoroughly discussed. In 

section 3, results of CFD simulation are presented and the 
impacts of urban form on microclimate and energy 

calculations are discussed extensively. Finally, several 

design-based suggestions for the designers are presented 

to enhance the ventilation potential and consequently the 

energy consumption of buildings in newly-built dense 

urban areas. 

Methods 

The novel design introduced in this paper is consisting of 

seven main steps (Figure 1). In the first step, a basic 

module is generated with 8×8 m rectangle cells to 

generate the layout of urban forms. For this purpose, a 

5×5 grid based on the basic module is considered as a 

single site to design a high-rise building. To generate an 

urban form with enough physical and climatic parameters; 

a matrix with 3 rows and columns designed as the main 

platform for the form generation process. In other words, 

a hypothetical site with nine single sites with twenty-five 

8×8 m rectangle cells (the area of a single site is 1600 m2). 

In order to generate different forms in this hypothetical 

site, the urban characteristics of the case study should be 

taken into account.  

A comprehensive study on the different aspects of Tehran, 

as the case study, was conducted to derive influencing 

parameters. Tehran, with an average elevation of 1200 m 

above the sea level is located at the latitude and longitude 

of 35.69°N and 51.42°E (Bashiri and Alizadeh 2018). The 

climate conditions are semi-arid climate, with cold 

winters, hot-arid summers and annual relative humidity of 

41%  (Roshan et al., 2010). The population of the city in 

2016 was 8.37 million and land coverage was 730 km2 

(Census 2016). The city has twenty-two municipalities 

and several demographic and geographic characteristics 

in each district (Mahdavinejad and Javanroodi, 2014.; 
CMP 2016; URPC 2010). Authors in an earlier study, 

categorized the main urban characteristics of the city 

using several parameters such as green spaces, areas of 

buildings, heights of the buildings, average built density, 

average site coverage and mass to void ratio in addition to 

measuring and categorizing the streets and canopies and 

buildings types (around a high-rise building at least three 

types of buildings can be recognized including a 1-4 floor, 

4-8 floor or 9-12 floor building with different built 

densities) in a topical neighbourhood with a high-rise 

building. 

Based on these parameters, a twelve-story office as the 

reference building (building codes in Iran recognize a 

twelve-story or taller structure as a high-rise building 

(SMPO, 1992) designed and placed on the center single-

site of the main platform. This building has 1600 m2 total 

area in each floor with 48 m height with 236 windows 
(2×2 m) two entrance doors (4×3 m, made of glass). One 

green space is also placed on the NW single site 

representing the ratio of average green to build spaces and 

the rest of the single-sites represented the urban form of 

typical neighborhoods in Tehran.  

 

 

Figure 1: The research structure of the presented design-based approach 

In order to generate seven urban buildings around the 

reference building in each model, a comprehensive 

parameter namely “Urban Density” or “UD” introduced 

based on built density in the layout and in the height. The 
UD is based on several form indicators such as volume 

area ratio, site coverage, plot area ratio and etc., which are 

described in Table 1.  

Based on these indicators according to dense areas of 
Tehran, three ranges of UD including higher than 0.60, 
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higher than 0.70 and higher than 0.80 are defined. In the 

other words according to twenty-five rectangular cells in 

the designed grids by a Grasshopper algorithm (based on 

mathematical combinations), 400 distinct urban buildings 

with selecting 21 out of 25 (UD>0.80), 17 out of 25 

(UD>0.70) and 15 out of 25 (UD>0.60) were generated in 

the layout (Figure 3). Readers are referred to the earlier 

works of the authors more detail about the urban form 

generation’s background and developed technique 

(Javanroodi et al., 2018, Javanroodi and Nik, 2019). 

Table 1: Indicators used to define UD 

Indicators Description 

volume area 

ratio 

the total volume of surrounding buildings 

divided by the total site area of the site 

(24000 m2) 

plot area ratio 
the total floor area of the surrounding 

buildings divided by the total site area 

site coverage 

the total area of the ground floor of the 

building divided by 1600 (the area of each 

sub-site: 40×40m) 

urban plan 

area density 

The built area projected onto the ground 

surface divided by the site area in a 

horizontal section 

frontal area 

density 

The area of the frontal surface of façade to 

a horizontal section 

Considering severe air pollution in Tehran, natural 

ventilation through openings is not recommended, so 

induced air into the buildings should be purified. Thus, a 
low-cost active/passive system based on ancient wind 

towers with simple air purification methods 

(Mahdavinejad and Javanroodi 2014) designed and 

considered on the roof of the reference building. In fact, 

by implementing mechanical ventilators in the shaft or 

entrance of wind towers, these ancient elements can be 

embodied in the building (Calautit et al., 2017). Thus, 

placing one typical commercial air cleaner device as a 

combined part of a system with ten calculation points 

representing inlet hatches on a plane at 2m above the 

reference building’s roof (50 meters from ground) 

average wind velocity in all directions were obtained 

(average wind velocity of all ten points in all directions 
calculated for each case). The standard k-ɛ model adopted 

for the CFD simulation of airflow as a mature turbulence 

model and extensively used to evaluate turbulent flow 

conditions. Equation (1) and (2) shows turbulent kinetic 

energy (k) and dissipation of kinetic energy (ɛ) 

respectively:  

𝜕(𝜌𝑘)

𝜕𝑡
+ ∇ ∙ (𝜌𝑘𝑢) = ∇ ∙ (

𝜇𝑡

𝜎𝑘
∇𝑘) + 2𝜇𝑡𝐸𝑖𝑗 ∙ 𝐸𝑖𝑗 − 𝜌𝜀 (1) 

𝜕(𝜌𝜀)

𝜕𝑡
+ ∇ ∙ (𝜌𝜀𝑢) = ∇ ∙ (

𝜇𝑡

𝜎𝜀
∇𝜀) + 𝐶1𝜀

𝜀

𝑘
2𝜇𝑡𝐸𝑖𝑗 ∙ 𝐸𝑖𝑗 −

𝐶2𝜀𝜌
𝜀2

𝑘
      (2) 

In this equations, “μ_t” [kg/m-s] is eddy viscosity and is 
calculate from equation (3) using Boussinesq 

approximation: 

�̅�𝑧10 = 𝑉𝑟𝑒𝑓 (
𝑍

𝑍10
)
𝛼

  (4) 

 

 

Figure 2: Left: the process of a designing an urban form model: (1) basic module, (2) a building layout with UD> 0.80, 

(3) the layout of an urban model, (4) the calculation points for CFD simulations, (5) a box module, (6) and (7) a 3D 

urban building, (8) a 3D urban model ready to evaluate. Right: The distribution of the building heights for each UD 

ranges 

 

Moreover, Eij [dimensionless] is the rate of deformation, 

ui [m/s] is velocity component in the corresponding 

direction, and σk, σɛ, C1ɛ, C2ɛ are adjustable constant values 

which set to 1, 1.30, 1.44, 1.92 respectively and 𝐶𝜇 is the 

empirical constant that is assumed 0.09 and Prandtl is 

considered as number 0.85 in this study. To consider the 

role of the urban environment and obstacles on air flow, 

wind flow for each month was retrofitted to 10 m height 

using equation (4): 

 �̅�𝑧10 = 𝑉𝑟𝑒𝑓 (
𝑍

𝑍10
)
𝛼

 (4) 

Where �̅�𝑧10  [m/s-1] is mean wind velocity (h=10m), Vref 

[m/s-1] is average wind velocity at 10 m height acquired 

from climatic data. Using this process and assuming a 
wind angle of zero, boundary conditions defined for all 

400 case studies separately. The computational domain is 

based on H (=48 m) according to standards such as AIJ 

and COST  (Mochida et al. 2002; Tominaga et al. 2008) 

using Autodesk CFD (Figure 6). The process of CFD 

simulation was extensively validated in the previous work 

of the authors (Javanroodi et al, 2018).  
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Figure 4: A series of 400 generated urban forms with unique case ID to be easily categorized according to introduced 

UDs for the dense areas in Tehran city 

 

Figure 5: A series of 400 generated cases 3D models prepared to be converted to geometries CFD tools for simulating 

wind velocity and patterns 

 
Figure 6: Computational domain applied to the urban 

models (Urban form model: Case ID: #C21), H=48 m 

Results and Discussion 

To evaluate the impacts of urban form on microclimate, 

the CFD simulation results of all 400 generated cases are 

categorized based on the UD and the overall form of the 

cases. In each month, the average amount of wind velocity 

in all directions is calculated and compared to a case with 

the lowest wind velocity in each category (which is named 

“REF” on the figures). The layout of the REF building in 

each month is presented in the graphs as well as the 

layouts of three cases with the best performance (a best 

performance case is a case with highest possible average 

wind velocity out of ten calculation points on the top of 

the roof its reference building which can enhance the 

efficiency of the designed ventilation system).  

Figure 7 shows the CFD simulation results of generated 

cases based on the UDs (UD>0.60, UD>0.70 and 
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UD>0.80). In all six warm months, the lowest wind 

velocity (REF) occurs in the urban area with UD>0.60. In 

April, cases with UD>0.80 surrounding buildings, 

showed 12.8% (0.43 m/s) higher wind velocity at the 

calculation points while urban areas with UD>0.70 

showed 5% (0.22 m/s) higher wind velocity compared to 

REF case. In May, June, July, August and September, 

cases with UD>0.80 surrounding buildings showed 

16.8% (0.52 m/s), 17.1% (0.56 m/s), 9% (0.31 m/s), 

11.5% (0.25 m/s) and 11.4% (0.23 m/s) respectively 

compared to the REF case in each category. It can be 

easily noted that cases with urban areas with higher UD 

results in higher wind velocity at the rooftop of the 

reference building in each case. This can show the impacts 

of changing the built-density of an urban area on the wind 

flow velocity which can directly affect the thermal 

calculation of buildings. 

On the other hand, Figure 8 shows the CFD results of 

generated cases based on the overall form of each case 

(Semi-C, Semi-CY, Semi-L, and Semi-U) in six warm 

months of the year emphasizing on three layouts with the 

highest wind velocity in each category to investigate the 

impacts of urban building form of the surrounding 

building on wind velocity. According to the results, 

except for April and August where cases with semi-C 

surrounding buildings showed 8% (0.29 m/s) and 13.8% 

(0.31 m/s) higher wind velocity compared to REF case 

(semi-U cases) with the best performance, in May, June, 

July and September cases with semi-CY surrounding 

buildings have 12.4% (0.41 m/s), 17.5% (0.59 m/s), 

15.1% (0.43 m/s) and 17.2% (0.49 m/s) higher wind 

velocity compared to REF (semi-U cases).  

Moreover, cases with semi-L surrounding buildings also 

showed a notable higher wind velocity compared to REF 

cases in all months. For example, in June, semi-L cases 

showed over 14.3% (0.39 m/s) higher wind velocity on 

average compared to REF (semi-U cases).  

 

 

 

 

 

 

 

 

Figure 7: Wind velocity CFD simulation results of generated cases based on the UDs 

Figure 8: Wind velocity CFD simulation results of generated cases based on the overall forms 
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According to the results, the adjacent buildings around the 

central twelve-story building have a major impact on the 

wind velocity magnitude. A closer look into cases with 

semi-U surrounding building indicated that flow fields are 

notably thinner-with lower wind velocity - than other 

cases- which can directly affect thermal calculations 

through infiltration and openings. Moreover, windward 

buildings (blocks 01 and 02) in U urban building from 

cases have a major role in reducing wind velocity both on 

the rooftop and around the reference building by directing 

the flow into their open spaces. 

Analyzing CFD simulation results of all 400 cases, about 

71% of best performance cases were from urban forms 

with UD>0.70 and UD>0.80. Among the first-twenty 

cases with the highest wind velocity and turbulence, 

twelve cases were UD>0.80, three cases from 

UD>0.70and five case studies from UD>0.60. Moreover, 

around 66% of cases with the highest wind velocity had 

semi-C or semi-CY urban building forms and 20% had 

semi-L forms. A summary of results as recommendations 

for designing newly-built urban areas to have the best 

ventilation performance can be categorized as follows: 

 Design cases with coherent cells and compact shapes.  

 Design empty cells in the windward of the expanded 

shapes with fractions,  

 Design buildings with a lower area of external 

surfaces and façade compared to their volumes.  

 Reduce push and pull in the architectural plans as 

much as possible in the leeward side of the buildings. 

 Design based on a semi-courtyard and cuboid forms 

layout as much as possible. 

 The hatches of the designed system should be placed 

on the centerline of the building (the further 

investigation is required). 
Another aspect of the results is considering the impacts of 

the urban forms on changing microclimate variables 

(wind flow in this study) which can directly affect energy 

demand calculation for buildings within these urban 

areas. Adopting the introduced design-based approach to 

generate urban forms clearly showed that a simple 

designer’s decision can notably affect the future 

performance of the whole buildings. Moreover, simple 

changes in the overall form of buildings and adopting 

traditional based elements with a modern approach can 

cause intense turbulences which can directly reduce or 
increase the performance of HVAC systems which are 

based on the quality of the inlet air. This can indicate the 

importance of considering urban form in energy 

calculation of buildings, however, further investigation is 

required to determine the quantities and qualities of this 

impact. All in all, results of the present study is in a good 

agreement with previous research work in the literature 

(Hong and Lin 2015; Wen et al., 2017; Yang et al. 2016) 

while contributing to the new knowledge.  

Conclusion 

This paper introduced a design-based approach to 

generate and evaluate urban forms of dense areas. Results 

clearly demonstrated the important impacts of urban form 

in improving wind conditions for buildings within dense 

urban areas and investigating its effects on urban 

microclimate for higher performance of buildings and 

energy calculations. In this regards, 400 urban forms were 

generated according to a basic module based on three 

ranges of urban density (for both density and height of 

surrounding buildings). Defining boundary conditions 

and computational domain, wind velocity on the top of the 

reference building in each case (average of ten calculation 

points) and flow patterns through each urban area 

analyzed.  

Results showed urban form can affect ventilation 

potential by causing flow turbulences around and at top of 

buildings which results in higher wind velocity. 

Moreover, results indicated the role of considering urban 

form on urban microclimate and consequently energy 

calculations; however, further investigation is required to 

evaluate this impact. Finally, several design-based 

suggestions were recommended which can be adopted by 

designers in the early stages with the lowest possible 

costs. In fact, the design-based approach based on 

rectangular cells can be assigned for most regular high-

rise buildings, can be a platform for designers to begin the 

initial concept of a building. As future research, authors 

are developing the introduce method to engage energy 

demand calculation in the process to generate a design-

based tool for evaluating urban microclimate which can 

be adopted in new design projects. Moreover, the 

variation of urban forms considering urban fabric 

parameters (such as streets, canopies, building 

orientation) in the context of a design-based algorithm is 

also targeted. 
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