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Abstract 

The urban heat islands have led to several studies on the contribution of urban planning on local 

temperature rise. But the impact of pedestrian winds due to high-rise buildings and the related rise of 

temperature due to the venturi effect (increased wind speed through pedestrian channels) have not 

been investigated. The temperature rise due to pedestrian winds reducing comfort levels and also 

creating low-pressure regions at ground level, causing accumulation of pollutants. Several researches 

cited in the paper have studied wind loads and vortex shedding due to pedestrian winds. We have 

attempted to expand the scope of study to model the non-linear relationship between wind speed and 

temperature rise in a pedestrian channel and its relevant effect on human comfort. The adverse effect 

on nearby smaller buildings due to unanticipated downwash has also been studied. The model is 

validated using Large Eddy Simulation (LES) for the same boundary and wall conditions. Further, the 

influence has been investigated by corner modification and changing the height to width ratio of the 

high rise building and feasible solutions have been provided. Such consideration in downwash has not 

been taken into consideration for interfering with the low-rise building. 

Keywords: Aerodynamic modification, numerical modelling, mitigation, pedestrian comfort , 

pedestrian winds,structural modification, wind engineering 
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1. Introduction 

The climatic parameters such as speed and wind direction, air pollution, inadequate ventilation, 

radiation, and daylight, are influenced by the presence of the buildings. The influence of a high-rise 

building alters the wind speeds and the surrounding environment. The increased pedestrian level wind 

speed can be uncomfortable and dangerous. 

Bottema[1] describes pedestrian discomfort as: “Pedestrian discomfort arises when wind impacts 
become so intense and occur so frequently (for example, on time periods of up to 1 hour), that persons 

who are exposed to them get irritated and finally act to avoid them”.  

Aside from wind speeds, the ambient temperature has a major impact on human comfort. The human 

body has evolved to work best when the ambient temperature is around 70 degrees Fahrenheit, such 

condition makes us feel most comfortable, and it helps to keep our core body temperature around 98 

degrees Fahrenheit [2]. 

A significant number of researches have been conducted on pedestrian level wind and its effects on 

urban heat islands due to high-rise buildings. The research was conducted[3] to improve the 

pedestrian ventilation system and the temperature inside the building. However, the temperature 

induced by the pedestrian wind was ignored. The effects of corner modification and building 

geometry on pedestrian wind velocity were studied [4]. The analysis was done on how the corner 

modification creates improved wind conditions. However, the effect of the air and ground temperature 

was not taken into consideration. Dynamic wind-induced load analysis on a tall building was 

simulated and analyzed [5] while their effect on nearby small buildings was not considered. Work on 

urban areas using numerical modeling was done and optimizations were suggested to improve the 

pedestrian wind condition [7]. However, the effect of natural convection was not included in the 

study. Temperature gradient induced due to the high-velocity wind could influence the studies. 

Review work on measures taken to improve pedestrian thermal comfort like shading (by trees and 

buildings), the orientation of streets (topographical impact), reflecting material used in the building 

has been undertaken [8] however, the temperature-induced due to pedestrian wind has not been 

considered. The rise in temperature around low-rise buildings and streets adjacent to these building 

creates human discomfort and pose a challenge for researchers for exploring new solutions for 

modeling sustainable and comfortable buildings. In our case, we have taken a series of Brigade road 

buildings, Bengaluru (modelled as per municipal data) and with the help of ANSYS, we intend to 

model the non-linear relationship between temperature and velocity in the pedestrian channel which 

has not been investigated so far. 

While ventilation effects and human comfort levels for low wind velocity in dense urban canopies 

were studied [9], it missed out on the temperature rise due to high wind velocities in channels between 

high and rise buildings(due to venturi effect). Similarly, several studies like those done by [10] have 

only highlighted the human comfort index in relation to micro weather parameters,but have not been 

able to estabhlish the physical relationship between the pedestrian winds and temperature variation 

due to velocity changes on interaction with built structures. 

The current authors were able to establish that, pedestrian-level wind-induced temperature 

characteristics are affected by some important parameters such as series of buildings, corner 

modifications, height to width ratio, the temperature of the ground, and the season in which the field 

data has been taken. By taking the most minimum temperature difference scenario of of about 3 

Kelvin between ambient and ground (field data), the study also made a major finding,in determining 
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the non-linear relationship between pedestrian wind velocity and temperature of ambient air, that will 

aid structural engineers, architects and urban planners to mitigate the negative effect on human 

comfort due to hig speed pedestrian winds in urban channels.  

Further, the paper is divided into sections:  Section 2 discusses the geometries of the buildings and the 

fluid domain. A brief discussion on the usage of the k–ω SST turbulence model and Boussinesq 
Approximation is also contained in this section. Section 3 contains the validation part while the results 

and the discussions of various cases of aerodynamically modified buildings are presented in the 

Section 4. Finally, the relevant findings are discussed in conclusion. 

2. Methodology 

2.1 Geometry  

As we are focusing on the effect of pedestrian level wind on temperature rise around nearby 

buildings, a simplified geometry mimicking an actual field scenario was modeled. To visualize the 

temperature rise around these buildings, the case study has two rows of buildings that are situated in 

Brigade Road, Bengaluru.  

2.1.1 Building Dimensions: 

The dimensions of the standard building model (Case-1) are 60mm X 60mm X 270mm, and for 

small buildings are 25mm X 25mm X 100mm, and the road width is 20mm (fig.2). 

2.1.2 Computational Domain: 

The domain height needs to be large enough to prevent unnatural acceleration of flow over the roof 

of structures, so as recommended by [10] the vertical height of domain was taken as 10H (H= 

height of tallest building=270mm). Which also satisfies[11] findings of a domain height of 10H for 

blockage of 3% and above. 

For the lateral extension, a ratio of lateral extension to it’s height was kept similar to the 
corresponding ratio for the buildings[13] i.e. 5H. 

For extension of domain along flow direction, as multiple buildings are considered, in order to ensure  

completely developed flow behind the wake regions, 15H was used [14].  
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Fig.1 The dimensions of the fluid domain 

 

 

Fig.2 Scaled down dimensions of the standard case-buildings which are square-shaped buildings. Low-rise buildings 

are behind the high-rise buildings. 

 

Besides this, two other cases are used to study the effects of geometrical modifications of high rise 

buildings: in the case-2 octagon shape building is considered (fig.3(a)) (since polygon models are 

known to have outstanding aerodynamic performance, increasing the number of sides results in 

even higher aerodynamic efficiency.), In Case-3, changing the height to width ratio of the building, 

keeping volume in each case equal (fig.3 (b)). 

 

Fig.3 Geometrical modification of high rise buildings (a)octagon-shape and (b)changed the height-to-width ratio 
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2.2 Computational Grid and Meshing: 

Keeping in mind the finite volume method, and to ensure small truncation error, as stated by [14], 1.3 

was the expansion ratio between the successive cells.  As for the shape of the cells, [11] 

recommendation was adopted and hexahedral cells were used as it provides better iterative 

convergence. In the channels near the canyon, 15 cells per cube root of building voume was used and 

15 cells per building detachment was used, which also complies with [14]. Grid convergence was 

caried out using generalised Richardson extrapolation, as we are using RANS. Three grids ranging 

from 0.1mm, 0.5mm amd 1mm were used and grids between 0.5mm and 1mm were found to 

converege as per allowed discrepancies stated by [16]. Which led to a total of 1.3 million cells. 

2.2 Dynamic similarity calculations 

“Wind tunnel studies have long been used to forecast and quantify wind loads as well as predict 
wind-induced bridge reactions. Since it is difficult to satisfy the Reynolds number similitude 

because the bridge model scale is much smaller than the actual bridge, it is usually ignored, based 

on the fact that the flow pattern may not change significantly with different Reynolds numbers if 

the bridge and its members have sharp edges”[17].  

Since we are modeling in a virtual wind tunnel in fluent it is difficult to satisfy the Reynolds 

number similitude as referred from the above research [17]. 

The size of the standard square building is 60mm X 60mm X 270 mm. Corner modification 

(octagon shape) of the building (edge length is 27.31mm) and the changed height-to-width ratio 

(H= 170mm, W=95mm) are shown in fig.2 and fig.3. All the changes in the building plan are done 

by keeping the cross-road width 20mm and the volume of the buildings remains constant. 

 

2.3 Boundary and Wall conditions 

Double precision is selected to improve accuracy but the time taken for the solution will be 

relatively longer than the single-precision model. The solver type is Pressure-Based with absolute 

velocity formulation in a steady-state condition and the gravity is set to -9.81ms-2 (negative-Z 

direction) as it is a natural convection case. The energy equations are ON and turbulence is 

parameterized using k–ω SST turbulence model. We have adopted the properties of fluid (i.e. air) 

density as 1.225kg m-3 and thermal-expansion coefficient as 0.00367 K-1.  

2.3.1 Inflow Conditions: 

At 5H, equilibrium boundary has been considered. The logarithmic curve provides the mean 

velocity profile,corresponding to the upstream topography with respect to surface roughness 

z0,(fig.4).This in acceptance with the guidelines of [12] 

 

 

 

 

 

Fig.4 Validated inlet velocity profile and turbulent velocity variation. 
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2.3.2 Wall Boundary Conditions: 

For velocities, no-slip condition is used at solid walls. To take into account shear stress, as the walls 

are smooth, in RANS the use of low Reynold’s number method is suitable, which velocity gradient 

vectors normal to the wall to calculate the shear stress on the walls. The equatons below represent the 

model for wall conditions. 

z+ = zuτ/ν ≈ 1 

uτ = (τw/ρ) 1/2 

z = diatsance normal to the wall; uτ = shear velocity, which is  computed from the time averaged wall 

shear stress τw, and the kinematic viscosity, ν. 

2.3.3 Top Boundary Conditions: 

In order to avoid any deviation from the inflow profile throughout the domain, constant shear stress at 

the top is most suited [18]. This is done to prevent any normal component of velocity at the top. 

2.3.4 Lateral Boundary Conditions: 

As the study required conventional (parallel) wind profile, any normal component to the flow had to 

be eliminated, to prevent any un natural flow acceleration, and as in section 2.1.2, a very wide lateral 

domain wall dimension has been taken, adopting symmetry boundary (readily available in FLUENT) 

saves time and computing cost. 

2.3.5 Outflow Boundary Conditions: 

As the windward domain boundary is very far away from the built area using an open outflow 

condition eleiminates the derivatives of all flow variables,in relation to the fully developed flow. 

2.4 Turbulence modeling 

The 'k– ω SST' is a hybrid model which converts k–epsilon model into a k– ω (k–omega)   near the 

wall region and to k–epsilon in the  turbulence dominant region away from the wall[19]. While 

currently most of the computational and numerical studies in wind engineering have been done 

using k-ε model, the presence of source term Sw in k- omega model,as shown in Eq (1) applies 

primarily in the inner areas of walls, and this makes k-omega more suitable for the treatment of 

viscous region near the walls, for boundary-layer flows and it’s consideration of  streamwise 

pressure-gradient[20].                        

                                        𝑆𝜔 = 2𝑇 (𝑣 + 𝜎𝑣𝑡) (|∇𝑘|2𝑘 − ∇𝑘⋅∇𝜀𝜀 )                                           (1) 

To implement the adaptability between k– ω and  k-ε model a blending function was used, relative 

to the distance from the walls, the function F1 gives value of 1 in near-wall regions( k– ω) and 0 
away from the wall ( k-ε). The respective constants are calculated via interpolation. 

                                           𝜙 = 𝐹1𝜙1 + (1 − 𝐹1)𝜙2                                                     (2) 

After the solution it was also observed that the 'k– ω SST' model did not overestimate shear 

stresses across regions of adverse pressure gradients, mostly because of the bounding of the stress 
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magnitude ratio |𝑢𝑖𝑢𝑖¯ | /𝑘, this bound was possible because of a advanced resolution of eddy 

viscosity: 

                                          𝑣𝑡 = 𝑎1𝑘𝑚𝑎𝑥(𝑎1𝜔;2|Ω𝑖𝑗|𝐹2)                                                                    (3) 

𝑎1 = 0.3, with lower counts in adverse and unfavourable pressure gradient regions  Ω𝑖𝑗 = mean flow rotation tensor  𝐹2 = 1 (boundary layer motion ); 0 (free shear flow)  

 

The flow field's governing equations, which include continuity, momentum, and transport 

equations of k and ω, can be represented as follows: 

 ∂𝜌∂𝑡 + ∂𝑥𝑖 (𝜌𝑢𝑖) = 0 (4) 

 ∂∂𝑡 (𝜌𝑢𝑖) + ∂∂𝑥𝑗 (𝜌𝑢𝑖𝑢𝑗) = − ∂𝑝∂𝑥𝑖 + ∂∂𝑥𝑗 (𝛤𝑈 ∂𝑢𝑖∂𝑥𝑗) + 𝑆𝑈 (5) 

 ∂∂𝑡 (𝜌𝑘) + ∂∂𝑥𝑗 (𝜌𝑘𝑢𝑗) = ∂∂𝑥𝑗 (𝛤𝑘 ∂k∂𝑥𝑗) + �̃�𝑘 − 𝑌𝑘 + 𝑆𝑘 (6) 

 ∂∂𝑡 (𝜌𝜔) + ∂∂𝑥𝑗 (𝜌𝜔𝑢𝑗) = ∂∂𝑥𝑗 (𝛤𝜔 ∂k∂𝑥𝑗) + �̃�𝜔 − 𝑌𝜔 + 𝐷𝜔 + 𝑆𝜔 (7) 

 

where; ρ and p are the fluid density and the mean pressure respectively while the terms ΓU, Γkand Γω are the effective-diffusivities of the mean fluid speed U (V or W), ‘k’ is the turbulent kinetic 

energy, and ‘ω’ is the specific-dissipation rate respectively, which are expressed as : 

 ΓU = μ + μt, Γk = μ + μkσk , Γω =  𝜇 + 𝜇ω𝜎𝜔 (8) 

 

 

where; σk and σω represent the turbulent Prandtl numbers for k and ω respectively,‘μt’ represents 
turbulent viscosity, which is expressed as : 

 𝜇𝑡 = 𝜌𝑘𝜔 1max [ 1𝛼∗ , 𝑆𝐹2𝛼1𝜔] (9) 

 

 

while F2 is the blending function, α * and α1 are the model coefficient and model constant 

respectively, and S is the modulus of the mean rate-of-strain tensor, which is: 

 

 𝑆 = √12 (∂𝑢𝑗∂𝑢𝑖 + ∂𝑢𝑖∂𝑢𝑗) (∂𝑢𝑗∂𝑢𝑖 + ∂𝑢𝑖∂𝑢𝑗) (10) 
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2.5 Boussinesq Approximation: 

The Boussinesq approximation is a means to solve non-isothermal flow without having to solve the 

Navier-Stokes equations in their complete compressible form[21]. When density variations are 

modest, the approximation is accurate because the problem's nonlinearity is reduced. We assume 

that differences in density do not affect the field flow other than to increase buoyant forces. The 

Navier-Stokes equations regulate fluid motion, and in the case of a compressible fluid, this results 

in: 

 ρ (∂u∂t + u ⋅ ∇u) = −∇p + ∇. (μ(∇u + (∇u)T) − 23 u(∇ ⋅ u)I) + ρg (11) 

 

where u represents the fluid velocity. The fluid dynamic viscosity is represented by the symbol ‘μ’, 
I represent the identity matrix, and g gives the acceleration due to gravity. According to Boussinesq 

approximation, variations in density are only significant in the buoyancy factor (ρg) while the rest 
of the equation can be ignored. Except in the body force term representing the buoyant force, the 

temperature and pressure-dependent density (ρ) has been replaced with a constant density, ρ0. 

Because the magnitude of the density gradient is minimal when compared to the velocity gradients, 

the continuity equation simplifies to the incompressible form using the Boussinesq approximation. 

The viscosity is also commonly believed to be constant. As a result, the diffusion term can be recast 

as follows: 

 ρ0 (∂u∂t + u ⋅ ∇u) = −∇p + μ∇2u + ρg (12) 

 

The buoyancy term can also be rewritten to avoid needing to evaluate the fluid density based on the 

local temperature- 

 (ρ − ρ0)g = −ρ0β(T − T0)g (13) 

where β represents coefficient of thermal expansivity. The equations for the conservation of 

momentum yield the following equation in which ‘p to P’ change is termed as a pressure shift.  

 ρ0 (∂u∂t + u ⋅ ∇u) = −∇P + μ∇2u − ρ0β(T − T0)g (14) 

 

For the combined wind flow and temperature discretization solution, SIMPLEC algorithm along with 

2nd order upwind scheme discretized the diffusion and convection parameters. 
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3. Validation 

 
To validate our result we have used the LES for the same geometrical setup and the boundary 

conditions modified for LES run. The temperature and velocity profile within the channel were 

plotted i.e. ‘x’ varies from 200mm-320mm (starting of the high-rise and ending of the low-rise 

building). The plot indicates that there is an increase in velocity in the channel (positive x-direction) 

due to the venturi effect being almost similar in the LES and k-omega SST model (fig.4a). From 

fig.4b we can infer that both the LES and the k-omega SST model predict the temperature rise in 

channel A1-A2. The error was found to be 2.8 within 5% which validates our model's capability in 

predicting the results. 

 

3.1 LES Case Setup: 

 
While the original dimension swere maintained, significant refinement of grid was done to run the 

LES case. The Smagorinsky-Lilly model (SSL) with Cs=0.1 and vortices value (190) inflow variable 

method, where y+= 2.8, corresponding to a grid of 12.7 million cells (structured hexahedral). For 

better precison, Δt * = Δt × uH / H = 0.09 (time step was 0.005s) was taken as discretization time step 

(non-dimensional). t * = t × uH / H = 219, (equal to a real time period ‘t’ of 12 seconds), was the non-

dimensional sampling period,and have been applied to generate the mean values. The obtained results 

were in agreement with those of [22], for wind profile of high rise structure. Computing time was 84 

hrs. Vortex method was adopted according to the literature [23], it showed good performance for air 

flow in LES around structures. 

 

 

3.2 Numerical Methods Adopted: 

 
The initial conditions for the LES solution was taken from the converged solution of RNG k-epsilon 

simulation,which saved computational resources. Wind velocity profile adopted was 𝑢(𝑧) =𝑢∗𝜅 ln (𝑧+𝑧0𝑧0 ), the Von Karman constatnt κ = 0.4, and roughness Z0=0.00045, in reference to the 

benchmark wind tunnel tests conducted by [12]. As equilibrium conditions have been adopted 

(mentioned in detail in section 2.3) turbulent kinetic energy 𝑘(𝑧)(= 𝜎𝑢2(𝑧) = (𝐼(𝑧)𝑢(𝑧))2) along 

with it’s dissipation rate ε (= 𝐶𝜇0.5𝑘(𝑧)𝑑𝑢(𝑧)/𝑑𝑧, 𝐶𝜇 = 0.09) were simulated on the basis of ε= Pk. 

All computations were carried out (at Wind Engineering Computing lab at Graphic Era University) 

until residuals for velocity, k, ε, ω and continuity reached 10-6. The PISO algorithm was adopted. The 

spatial discretization was carried out using  2nd order central-difference method. Temporal 

discretization by 2nd order implicit scheme was applied. As shown in Fig 4 (a,b) with difference 

limited to 5% acceptable range, adopted RANS model of k-omega SST satisfies the modelling needs. 
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(a) 

 

 
(b) 

 
Fig.4 the comparison of LES with the k-omega SST model (a)velocity and (b)temperature profile of 

pedestrian wind in the channel (x-direction) for the Standard case. 
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4. Results and discussions  

4.1 Pedestrian-level wind velocity analysis 

The velocities contours of the standard case and structural modifications are shown in fig.5 and are 

taken at 1.5mm(corresponding to pedestrian level at 1.5m in actual scale) above the ground. It can 

be observed that in all three cases the pedestrian wind velocity attains its peak value in the narrow 

channel between the high-rise buildings (region A1-A2) due to the venturi effect. Further, it can be 

observed that the stagnant air layer on the windward side is large in area in the changed H/W case 

due to the large impact area and is very small in octagon-shaped buildings. There is a delay in flow 

separation in octagon-shaped buildings comparing square and rectangle-shaped ones and the wind 

profiles for buildings with modified cross-sections are in agreement to the results of  Y.Tamura [5]. 

The flow between the high-rise and the low-rise structures (region B1-B2) is due to the low-pressure 

region relative to ambient that occurs as a result of the high-velocity wind channel. 

 

                                                                                                     (a)          
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                                                                                              (b) 

 

(c) 

Fig.5 Velocity contours of the three case (a)standard case (square-shaped building), (b)octagon-shaped 

building, (c) changed the height-to-width case. 
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4.2 Temperature analysis 

In the standard case, the temperature of the windward side of the high-rise buildings is at ambient 

temperature while the temperature at the leeward side is higher than ambient temperature (Fig.6). The 

temperature rise in the channel (A1-A2) is because when wind velocity increases (due to venturi 

effects) its kinetic energy increases due to a rise in its internal energy. The effect of improper 

ventilation is the root cause for the temperature rise between the high-rise and the low-rise buildings 

(B1-B2), as the minimum rate of flow of wind occurs in between the high rise buildings and low rise 

buildings [3]. Further, the temperature contours of building modification show that the temperature 

rise in the channel is decreased when we change the H/W ratio and increase in corner modification.  

 

(a) 
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(b) 

 

(c) 

Fig.6 temperature contours of the three cases standard, octagon-shaped and changed the height-to-width 

respectively 
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By plotting the velocity vs. temperature at the middle of the channel (A1-A2) we get to know that 

there is a non-linear relationship exists between them (fig.7). The approximate non-linear relations are 

expressed as a polynomial equation for ease of modeling and simplicity of understanding. The 

equations for the three cases are mentioned below: 

Case1: V = 1.5 x105T6 – 3x108T5 + 2 x1011T4 – 8x1013T3 + 2 x1016T2 - 2 x1018T + 1 x1020 (15) 

Case2: V = -8.4x105T6 + 2x109T5 – 1x1012T4 + 5x1014T3 – 1x1017T2 + 1x1019T – 6x1020 (16) 

Case3: V = 4x107T6 - 8x1010T5 + 6x1013T4 - 2x1016T3 + 5x1018T2 - 6 x1020T + 3x1022 (17) 

 

 

 

  

                

0

1

2

3

4

5

6

7

8

9

10

300.2 300.25 300.3 300.35 300.4 300.45 300.5 300.55 300.6 300.65

v
e

lo
ci

ty

temperature

Case 1



16 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7 Velocity temperature plot (including the equation that is mentioned above) at the middle of the 

channel between the buildings 
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From the above plots, it is clear that in the channel (A1-A2) when the velocity is increasing, the 

temperature also increases and the pattern is similar in all cases, but the temperature rise in Case 3 

(300.310K), is comparatively lower than the other cases (300.60K and 300.580K). Also as seen from 

the plot of Case 2 the curve is not exactly fitting the points which can be attributed to the aerodynamic 

design of an octagon-shaped building because of which flow separation is occurring at multiple edges. 

The polynomial equations for three cases are derived and shown (eq. 12-14). These equations will aid 

architects and structural designers to determine the effect of pedestrian winds induced temperature 

rise for the respective building design and channel width.  

4.3 Pressure analysis 

In fig.8, the windward side of high rise buildings has high pressure zone and this zone is wider when 

we changed the H/W ratio. This shows that in contrast to studies done before, with single structure 

and those with urban canyons, a high rise substantially shields the low rise behind them from high 

pressure conditions, which seems advantageous during gusts andstorm wind conditions. In-between 

the high-rise buildings and low-rise buildings low-pressure zone appears due to the high-velocity 

channel. The analysis of velocity contour was validated by these results, as these are the zones where 

the wind is at a stagnant state. The two separate high-pressure zones near the high-rise buildings 

merge since the two buildings are closer [24]. The pressure drop is less when we change the H/W 

ratio while it is higher in the standard case. By introducing some modifications in the corners (from 

square to octagon shape) the pressure drop reduction is noticed. Polygon models with more than 5 

sides have greater aerodynamic mitigation ability, and an increase in the number of sides tends to 

demonstrate even improved pedestrian comfort conditions, which are in agreement with [5]. 

 

(a)  
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(b) 

 

(c) 

Fig.8 Pressure contours of standard and modified cases 
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4.4 Downwash effect 

As illustrated in Fig.9, the maximal pressure zone on the windward side of the structure is located at 

around two-thirds of the building's height. The pressure contours demonstrate that adjusting the 

corners lowers the pressure while changing the height to width raises it. Flow deviates towards the 

positive-Z, negative-Z, and lateral (positive-X) directions of the building at the maximal pressure 

zone. At the base of the building's windward face, the combination of oncoming flow with downwash 

(wind in a negative Z-direction) provides a comparatively weak wind speed zone and produces a 

vortex near the ground surface. Because of the sudden cornering of buildings, the flow separates, 

forming high-velocity wind streams at the pedestrian level. Due to the effects of shear layer separation 

and downwash, these streams at the corners finally merged with the overall flow. A lower pressure 

zone causes flow recirculation on the building's leeward side.  

          

(a) Standard case 
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(b) Octagon shape building 

 

                              (c) Changed the H/W ratio  

Fig.9 Pressure contours for each case that are used to describe the downwash effects on the high-rise and 

low-rise buildings. 
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4.5 Effect of structural modification 

The results show that by doing some modifications in the structure of high–rise buildings, the 

temperature, velocity, and pressure at pedestrian-level changes significantly. The minimum 

temperature rise in the channel is in the changed H/W case while there is a negligible change in 

temperature in an octagon-shaped building. The maximum velocity is found in the changed H/W case 

which is almost similar to the octagon-shaped case but slightly greater than that of the standard case. 

The minimum downwash effect is in the case of the octagon-shaped building than in the standard and 

changed H/W ratio case. 

5. Conclusion 

The non-linear relationship between pedestrian wind velocity was modelled, while previous studies as 

mentioned in introduction only relate human comfort to metrologoical prameters and lack of 

ventilation, the research done by authors clearly establishes how urban canopy and resulting 

pedestrian wind profile(venturi-effect) in the channels dierectly induce temperature change at 

pedestrian levels. While the winds cool the building walls, convection leads to temperature rise in the 

middle of the channels away from the buildings.  The temperature-induced governing equations were 

derived (eq. 15-17). The equations can be directly used as user defined function in FLUENT to model 

the temperature variation due to pedestrian winds. The presence of high-rise buildings can have a 

significant impact on pedestrian level winds and local temperature rise. Understanding and mitigating 

such factors are essential for maintaining acceptable human comfort. In this study, building geometry 

encouraged by an actual field scenario has been considered. A standard geometry has been studied 

followed by two other cases involving a change of the number of sides (square to octagon) of the 

building and height to width ratio. Higher velocities in the pedestrian channel in all three cases were 

observed due to the venturi effect. Temperature rise in the pedestrian channel could be mitigated with 

the change of height to width ratio, however, the high-pressure region on the windward side of the 

building increased which can result in greater wind loads. In comparison, the aerodynamic 

performance of the octagon shape building was better, however, this geometry was not effective in 

limiting the temperature rise in the pedestrian channel. Further, the low pressure and the recirculation 

region on the leeward side is minimum in the case of the octagonal geometry and maximum in the 

case of modified height to width ratio geometry, resulting in an adverse effect on the smaller building 

on the leeward side.  

In conclusion, increasing the number of sides of the building does reduce the pressure force and 

downwash effect, however, it is not effective in reducing the temperature rise in the pedestrian 

channel. On the other hand, reducing the height and increasing the width of the building does help 

limit the temperature rise in the pedestrian channel although the aerodynamic performance is much 

reduced. The future challenge lies in optimizing the building geometry such that the temperature rise 

in the pedestrian channel can be limited while minimizing the deterioration in the aerodynamic 

performance. 
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Scope of Further Research 

1. Modeling pedestrian wind conditions considering dynamic stratification in the atmospheric 

boundary layer. 

2. Finding the optimum channel width for minimum temperature rise and satisfactory velocity in the 

channels (Both A and B), propose relevant standards. 

3. Modeling of optimum low-rise buildings in comparison to high-rise buildings to reduce the 

downwash effect.     
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