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The paper presents the numerical results of modelling pollutant transport from a 
low source behind a bluff-body imitating a building within a non-isothermal 
boundary-layer. The main goal of the study is to estimate the tracer gas disper-
sion in a complex turbulent separated flow behind a building in the presence of 
interference of the atmospheric boundary-layer and local flows. In the fist part of 
the study we compare numerical approaches URANS and IDDES for turbulent 
flow prediction on a configuration for which experimental data are available. It 
is shown that detached eddy simulation approach predicts correctly the main 
separated flow features and demonstrates a reliable correlation with the experi-
mental data on mean velocity, pollutant concentration and temperature fields. In 
the second part of the study, the influence of unstable thermal stratified flow on 
the tracer gas transport around a building is analyzed using IDDES method. The 
unstable thermal flow regime considered in the study affects the distribution of 
the pollutant concentration in the re-circulation zone behind the building. The 
presence of additional buoyancy effects leads to an increase in the gas concen-
tration on the leeward wall of the body and gas transport from a ground region 
to a height greater than in the case with the neutral boundary-layer. 
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Introduction 

We now have credible data that prove that air pollutants as toxic gases and micro- 

-particles have a negative influence both on the environment and human health. According to 

the WHO’s 2021 report Global Air Quality Guidelines. Particulate matter (PM2.5 and 
PM10), ozone, nitrogen dioxide, sulfur dioxide and carbon monoxide [1], about 7 million 

people per year die of non-infectuous diseases caused air pollution. High concentration of air 

pollutants may lead to coronary strokes, heart and lung conditions, severe and chronic respira-

tory diseases. Air pollution is among the top five global risks for global health out of the 87 

factors rated in the study [2]. The main contributors to air pollution are antropogenic factors 

such as fuel combustion, transport exhaust, industrial airborne waste, etc. In large cities with 

well-developed infrastructures transport exhaust makes a considerable contribution to lower 

air quality [3]. Campaigns for air quality improvement are accompanied by research into iden-
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tifying the sources of pollutants and developing measures to reduce their quantity [4-6] as 

well as monitoring their levels, in situ observations and data analysis [7-9]. 

Experimental research and numerical modelling research play an important part in 

studying the fundamental mechanisms of pollutant dispersion in city environments. Among 

all the experimental publications that are based various small-scale models of buildings and 

city fragments, one must note benchmarking that allows studying physical processes in the 

flow and serves as a basis for validation of numerous numerical models. The series of exper-

iments conducted by Gromke and Ruck [10] is devoted to studying isotermic transfer of gas 

pollutants in street canyons with a focus on the effect of green spaces. Yoshie et al. [11] 

demonstrates the results of the experiments that describe isotermic and non-isotermic air 

flows in the vicinity of standalone bodies and their systems that imitate in-built city areas with 

consideration for mass transfer of gas pollutants from low-standing sources. The articles  

[12-14] are devoted to experimental data on microclimactic parameters in the vicinity of vari-

ous urban settings (a street canyon model, a system of cubical buildings, a system of buildings 

of varied height, etc.). It should be noted that experimental research conducted on small-scale 

models does not always reproduce the flow dynamics for full-scale configurations correctly 

due to its inability to adhere to similarity criteria; this is extensively explained in the review 

conducted by Zhao et al. [15]. Numerical simulation can model the flow structure in urban 

settings in its full scale, which appears to be an important advantage of these methods. How-

ever, validation of the chosen methods of numerical simulation is a primary challenge. Publi-

cations [16-18] include guidelines for numerical simulation. However, methods for numerical 

simulation of thermally stratified flows in the vicinity of buildings and building complexes 

with consideration for mass transfer of gas pollutants are still underesearched. The main chal-

lenges in this area are development of guidelines for practical calculation of non-isotermic 

flows in the vicinity of buildings, analysis of non-stationary heat processes on the basis of 

large/detached eddy simulation approaches to turbulence modelling, describing the flow con-

figurations where buoyancy effects start to affect pollutant dispersion considerably, etc. For 

instance, meta-analysis of the existing data [15, 19] demonstrate that the LES/DES approach-

es are more rarely applied to urban aerodynamics tasks with consideration for microclimatic 

processes if we compare them with the common RANS/URANS semi-empirical models. At 

the same time, RANS/URANS approaches do not allow us to calculate turbulent flow charac-

teristics in a correct manner, for instance, when applied to predicting the size of boundary-

layer separation zones and recirculation zones that appear in flows around buildings and street 

canyons [20-22]. 

The present research has two objectives. First of all, we aim to acquire data on de-

tached eddy simulation approaches application and to specify the methodology of numerical 

simulation for the problem of gas pollutant transfer in the vicinity of a building with a com-

plex flow physics (taking into account the thermal physics). The experimental benchmark [11] 

allows us to validate the IDDES k-ω SST numerical approach and compare it with the widely-

used URANS k-ω SST approach. Solving this problem is part of the validation research that 

aims to establish which approaches are more effective for outdoor pollution problems. The 

author considers accumulation of these data to be an important step for incorporating these 

approaches into practical modelling for environmental and civil engineering aerodynamics 

problems. The second objective is to describe the physics of a flow with consideration for un-

stable thermal stratification of boundary-layer and mass transfer of heavy gas as a pollutant 

source. The author aims to evaluate the contribution of unstable stratification into tracer gas 
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dispersion in a separation flow with a complex structure formed around a building-like prysm 

fixed on a flate plate. 

Problem statement 

The problem under consideration is flow of a gas mixture around a prism with the 

aspect ratio of 1:1:2 in the presence of a gas pollutant source located on the ground surface 

behind the prism. The problem statement reproduces the conditions of the experimental 

benchmarks [11] performed in the thermally stratified wind tunnel of Tokyo Polytechnic Uni-

versity, which allows to validate numerical models and methods. The scheme of the computa-

tional domain is shown in the fig. 1. We consider a prism with a height h = 0.16 m and a 

width b = 0.5h fixed on the flat plate. The tracer gas is 5% C2H4 and it is injected into the air 

through the circular hole with the diameter d = 5·10–3 m located on the ground at the distance 

of 0.25h from the leeward side of the prism. The computational domain size is 

11h×7h×5.625h and it is chosen based on the data about the wind tunnel characteristics and 

using recommendations presented in [23, 24]. 

 

Figure 1. The computational domain (a) and the grid on walls of the prism and ground (b) used in the 
calculations 

The tracer gas is injected into the domain at the flow rate of q = 9.17·10–6 m3/s. We 

analyze two thermal regimes imitating atmospheric boundary-layer conditions. The first re-

gime (Case 1) corresponds to unstable thermal stratification of the boundary-layer and the 

second regime (Case 2) describes neutral thermal conditions close to isothermal. The tracer 

gas is supplied to the domain at the temperature <Tg> = 30.4 °C and <Tg> = 21.2  °C for Case 

1 and Case 2, respectively. The two considered cases also differ in their temperature condi-

tions on the ground <Tf >, the prism walls <Tb> and at the inlet boundary. The boundary and 

flow conditions for both cases are defined in tab. 1. The bulk Richardson number, calculated 

as Rib = gh(<Th> – <Tf >)/[(<T0> + 273)<Uh>2], where g = 9.81 m/s2 is the acceleration of 

gravity, <Th> [ °C] and <Uh> [ms–1] – air temperature and mean air velocity at height h [m] at 

the inlet boundary, <T0> [ °C] – space averaged air temperature, is Rib ≈ –0.085 for Case 1 

and Rib ≈ 0.0 for Case 2. 

At the inlet boundary of the computational domain, the air flow is described by pro-

files of mean velocity, fig. 2(a) and turbulent kinetic energy (TKE), fig. 2(b) corresponding to 

the experimental data [11]. The flow Reynolds number calculated using the inlet mean air ve-
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locity, Uh, at the height h is ReUh ≈ 1.6·104. The vertical air temperature gradient is set in ac-

cordance with the profile shown in fig. 2(c), for the Case 1.  

Table 1. Boundary and flow conditions 

Parameter 
Unstable 

non-isothermal state 
(Case 1) 

Isothermal state 
(Case 2) 

Mean velocity of inlet air at height h, <Uh> [ms–1] 1.46 1.46 

Ground surface temperature, <Tf >[°C] 45.8 21.2 

Inlet air temperature at height h, <Th> [°C] 12.2 21.5 

Absolute value of temperature difference, 
<∆T> = |<Th> – <Tf >| [ °C] 

33.6 0.4 

Prism surface temperature, <Tb> [°C] 24.5 21.1 

Temperature of injected tracer gas, <Tg> [°C] 30.4 21.2 

Space averaged air temperature, <T0> [°C] 16.6 21.5 

Injected tracer gas concentration, Cg [ppm] 5·104 

Tracer gas flow rate at injector, q [m3s–1] 9.17·10–6 

Bulk Richardson number, Rib [–] –0.085 0.00 

 

Figure 2. The boundary conditions profiles of inlet air used in experiment [11] (Exp.) and calculations 
(CFD) within the unstable non-isothermal (1) and isothermal boundary-layer (2); (a) – mean velocity 
<U>/<Uh>, (b) – TKE k/<Uh>2, and (c) – mean temperature (<T> – <Tf>)/<∆T> 

Mathematical model and methods 

At the stage of model validation, two approaches are chosen to describe turbulence: 

the k-ω SST model based on solving Reynolds averaging of governing equations [25] and the 

hybrid eddy-resolving approach IDDES k-ω SST [26], which allows to improve the DES ap-

proach [27, 28] for the case of calculating reattached flows. The considered numerical model 

is based on the 3-D unsteady Reynolds-averaged Navier-Stokes equations, suplemented by 

convection-diffusion equation for the mass fraction of ethylene [29]:  
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Equations (1)-(3) are described in averaged variables, where ρ is the density of the 

mixture, U – the velocity vector of the averaged flow with components Ux, Uy, and Uz, p – 

the pressure, and T – the temperature.  
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are the molecular and turbulent components of the viscous stress tensor, µ and µt are the mo-

lecular and turbulent viscosity, g  – the gravitational acceleration vector, Y – the local mass 

fraction of ethylene, J  – the diffusion flux of ethylene; Dm and DT – the mass and thermal 

diffusion coefficients for ethylene, the turbulent Schmidt number is Sct = 0.7, k – the turbu-

lence kinetic energy, and I – the unit tensor. 

The incompressible ideal gas law is used to define mixture density as a function of 

temperature [29]: 
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where R is the universal gas constant, Mw,i – the molecular weight of species i, P0 = 1 atm. 

The energy equation is described in the follow form: 

 m t m t( ) ( U ) [U( ) (q q )]E H
t
   


+ =  + + +


 (4) 

where the total energy 2 2 2
v 0.5( ),x y zE C T U +U +U= + the total enthalpy H = E + p/ρ =  

 2 2 2
p 0.5( ),x y zC T U +U +U= + mq T= −   and t tq T= −   – the molecular and turbulent 

components of the heat flux density vector, λ – the thermal conductivity coefficient,  

λt = (Cpμt)/Prt – the turbulent thermal conductivity for mixture of gases, Cv and Cp – the spe-

cific heat at constant volume and at constant pressure for mixture of gases, and Prt = 0.85.  

The general form of equations in k-ω SST model [25] describing turbulent effects in 

the flow is: 
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where Gk is the production of turbulence kinetic energy k, Gω – the generation of the specific 

dissipation rate ω, Γk and Γω – the effective diffusivity of k and ω, respectively, Rk and Rω –

the dissipation of k and ω, respectively, and Gb and Gωb – the buoyancy terms [25, 29]. The 

turbulence model (5-6) is widely used today to solve applied issues of building aerodynamics, 

for example, to predict the wind load on facades or to assess pedestrian comfort near build-

ings [30, 31]. 
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In eq. (5), the dissipation term Rk is defined as Rk = ρβ*ωk for the k-ω SST model, 

where β* = 0.09, and as 3
IDDES/kR k l=  for the IDDES SST model [26].  

Thus, the IDDES model is based on replacement of turbulent length scale lRANS, 

which is defined as k1/2/β*ω in k-ω SST model, for the hybrid length scale: 

 IDDES RANS LES(1 ) (1 )d e dl f f l f l= + + −
 (7) 

where LES grid length scale lLES = СDESΨ∆, where СDES = 0.61 is empirical constant and Ψ is 

a low-Reynolds number correction [32]. The length scale lLES is calculated using the local grid 

cell size and the distance from the wall to the current coordinate:  

  w w w max wn maxmin max( , , ),C d C h h h =  (8) 

where (8), hmax is the maximal grid cell scale in the considered point of the domain, hwn – the 

grid cell size in the direction normal to the wall, dw – the wall distance and Cw = 0.15. In eq. 

(1) df  and fe are empirical constants defined in [26] in detail and used for the correct calcula-

tion of RANS and DDES regions.  

The problem is solved using the FLUENT 2020R1 software [29] by the finite vol-

ume method. We use the computational grid including hexahedral elements. The condition  

y + <1 is achieved by adapting the computational grid using additional sublevels of computa-

tional cells, fig. 1(b). To estimate the grid convergence of the solution, preliminary calcula-

tions were carried out on three grids differing in the size of cell. The total number of cells in 

the considered grids was ≈ 2.1 million, ≈ 4.7 million, and ≈ 14.4 million, respectively. A total 

number of elements of ≈ 14.4 million was the maximal under the conditions of the available 

computational resources. The mean length of the separation zone xr/h located behind the 

prism and calculated for the central section (y = 0 m) was chosen as a parameter for estimat-

ing the solution convergence. As can be seen from fig. 3(a), for two more detailed grids, fairly 

close values of xr/h are observed, however, the grid convergence has not been fully achieved. 

Analyzing these results, in further calculations, the most detailed computational grid of ≈14.4 

million cells is used.  

The bounded central differencing scheme is used for the spatial approximation of 

momentum equations and second oder upwind scheme is used to the approximate transport 

equations for turbulence, species and energy. For the temporal approximation of the governing 

equations, an implicit scheme of the second order of accuracy was used. To achieve the con-

vergence of the solution at each time step, the criterion for achieving the absolute values of the 

residuals for energy equation was ≈10–6 and it was ≈10–4 for other variables. Calculations are 

performed with the time step τUh/h ≈ 4.56·10–3. The period of time averaging the variable 

fields is chosen using recommendations [20] and equal to ∆tUh/h ≈ 200.  

The boundary conditions at the inlet boundary of the computational domain, fig. 

1(a), are set as profiles of mean velocity, mean temperature (for Case 1) and TKE, fig. 2, cal-

culated by cubic spline interpolation of the experimental data [11]. For Case 2, the inlet tem-

perature of airflow T = 21.5 °C is constant over the height of the computational domain. To 

calculate the profile of the TKE specific dissipation rate, we use the relation 
*/( ),k  =  

0.75 1.5( )/ ,С k l =  Cμ = 0.09, where l is the characteristic length [20]. In IDDES simulation, 

the vector of turbulent pulsations is calculated as a superposition of amplitude-modulated 

Fourier modes based on the synthetic turbulence generation method [33].  

On the ground wall and the prism walls, the no-slip condition of a smooth wall 

(Ux = Uy = Uz = 0) with a fixed temperature corresponding to the experimental data is set, 
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tab. 1. The outer boundaries of the computational domain are located in such a way as to en-

sure the absence of their influence on the flow field in the vicinity of the prism. We use the 

symmetry condition, which ensures zero velocity and zero gradients of the variables along the 

normal to the boundary, at the lateral (y = 3.5h;–3.5h) and upper (z = 5.625h) domain bounda-

ries. At the outlet boundary of the computational domain (x = 7.75h), the condition of con-

stant static pressure ∆P = Pst – P0 = 0 atm is set.  

In experimental data [11], the mean velocity, TKE, tracer gas concentration and 

temperature profiles in the characteristic sections around the prism were presented, so the 

considered benchmark makes it possible to validate the turbulence model as applied to the 

prediction of a complex separated flow under a non-isothermal airflow regime. 

Result analyses and discussions 

Turbulence model validation 

At the first stage, we compare the numerical results for Case 1 obtained using two 

turbulence models URANS k-ω SST (hereinafter referred to as URANS) and IDDES k-ω SST 

(hereinafter referred to as IDDES). In fig. 3(b), the isobars of Q-criterion = 1300 s–2 colored 

with value of flow mean velocity <Ux>/<Uh> obtained using IDDES are shown. From the 

point of view of pollutant gas dispersion is the vortex zone – 1, behind the prism, where the 

tracer gas injected from the ground, represents the biggest interest. The study [22] described 

the isothermal case of a flow around a prism with a size ratio 2:1:1 fixed on a flat plate and 

found that the RANS approach underestimates the TKE level in zone – 1, which leads to a 

significant overestimation of the longitudinal size of the separation zone behind the prism. In 

addition, application of this approach to assess pollutant dispersion around buildings is often 

difficult in terms of choosing semi-empirical constants of the turbulence model [34, 35]. It 

was shown in [35] that the turbulent Schmidt number, Sct, has a large effect on the accuracy 

of predicting the pollutant transport and there is no universal values for the problems of build-

ings aerodynamics, where a complex interference of atmospheric flow and local flows form-

ing around building is observed. In our calcualtions, the turbulent Schmidt number Sct = 0.7 is 

set, which is used by default in FLUENT for a wide range of problems.  

 

Figure 3. Grid сonvergence analysis (a) and isobars of Q-criterion = 1300 s–2 colored with value of flow 
mean velocity <Ux>/<Uh> (b) 

In figs. 4(a)-4(c) the mean velocity <Ux>/<Uh> fields in the central plane (y = 0 m) 

are shown. They were obtained using the URANS and IDDES turbulence models. The con-

tour black line in the figures denotes the isoline <Ux> = 0. The two models show significant 
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differences in determining the size of the separation zone behind the prism. The calculation 

using the URANS approach, fig. 4(c) predicts the extended separation zone – 1, with dimen-

sions of ≈2h behind the prism, while in the IDDES calculation, fig. 4(a), the length of the 

zone – 1, is significantly less and is ≈ h. In the angle between the leeward side of the prism 

and the ground, in both calculations, a secondary corner flow – 2, is formed with a maximum 

height hsf ≈ 0.045h in the IDDES calculation and hsf ≈ 0.11h in the URANS calculation. The 

length of the separation zone – 3, on the top of the prism is hsz ≈ 0.32h (IDDES) and 

hsz ≈ 0.4h (URANS) in the central section. 

 

Figure 4. Mean x-velocity <Ux>/<Uh> (a, c) and mean tracer gas concentration <С>/C0 (b, d) fields at 
the central pane (y = 0 m) calculated for the Case 1 using IDDES k-ω SST (a, b) and URANS k-ω SST 

(c, d) approaches  

The profiles of the mean velocity <Ux>/<Uh> obtained in the calculations and the 

experiment [11] along the lines l1 = 0 5(a), l2 = 0.3125h 5(b), l3 = 0.875h 5(c), and l4 = 1.75h 
5(d) in the central plane (y = 0 m), are demonstrated in fig. 5. For the lines l1 and l2, both the 

numerical models predict the velocity distribution accurately. However, in the separation zone 

behind the prism and at a distance from the leeward wall of the prism (lines l3 and l4), the ID-

DES approach allows one to obtain better agreement with the experimental data and correctly 

predict the flow reattachment zone. 

Fields of the mean normalized ethylene concentration <С>/C0 in the central plane 

(y = 0 m), where С0 = Сgq/(<Uh>h2), figs. 4(b), and 4(d), show zones of high and low concen-

trations of the tracer gas. Ethylene enters the separation zone – 1, behind the prism and is 

transferred to the leeward wall of the prism. In both the calculations, high concentrations are 

observed along the leeward wall, and some of the ethylene flows to the top of the prism. For 

the line l1, located above the top of the prism, fig. 5(a), both the models qualitatively describe 
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Figure 5. Profiles of mean x-velocity <Ux>/<Uh>, mean tracer gas concentration <С>/C0 and mean 
temperature (<T> – <Tf >)/<∆T> calculated for Case 1 using IDDES k-ω SST (---) and URANS k-ω SST 
(- - -) approaches and obtained in experiment [11] (□) along lines x = 0 (a), 0.3125h (b), 0.875h (c), and  

1.75h (d) at the central plane (y = 0 m) 
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the gas concentration distribution in accordance of the experiment, but slightly overestimate 

its values. It indicates that numerical simulation predicts a more intense mass exchange be-

tween the zone – 3, above the prism roof and the separation zone – 1, behind the prism. In fig. 

5(b), we see that along the leeward wall of the prism (line l2) the URANS approach overesti-

mates the ethylene concentration near the ground by almost two times, which may be associ-

ated with an incorrect prediction of the secondary corner flow –2.  

For the line l3, located in the wake of the flow behind the injector, the URANS ap-

proach does not agree with the experimental data, while IDDES predicts ethylene concentra-

tions well, fig. 5(c). For the line l4, the ethylene concentrations are rather low and the IDDES 

approach allows a qualitative description of the concentration distribution along the height, 

but it does not predict the concentration level near the ground exactly. The URANS approach 

does not provide satisfactory qualitative and quantitative agreement with the experiment on 

the concentration profiles.  

The comparison of mean temperature profiles in characteristic sections, fig. 5, 

showed that both the models adequately reproduce the thermal regime as it was obtained in 

the experiment. It should be noted that in both the models, a higher heat transfer is observed 

in the shear layer between the external flow and zones – 3, in comparison of the experiment. 

As a conclusion of this section, we can conclude that the numerical simulation using the ID-

DES k- ω SST model predict good qualitatively and quantitatively the pollutant dispersion in 

a complex turbulent flow around the prism. In the next subsection, a comparison of IDDES 

simulation results for Сases 1 and 2 in tracer gas concentration fields will be disscused. 

Influence of non-isothermal stratification  

on pollutant dispersion 

In this subsection, we discuss the results of the numerical simulations based on the 

IDDES approach obtained for the case of unstable (Case 1) and neutral (Case 2) thermal strat-

ification of the boundary-layer. The characteristic features of the flow behind the prism and 

pollutant transport for Case 1 have been described in section Turbulence model validation. 

The main goal of this subsection is to describe the effect of unstable stratification of the 

boundary-layer on the tracer gas dispersion in the wake behind a bluff body.  

Figure 6 shows the distributions of the mean normalized concentration <C>/C0 for 

Cases 1 and Case 2 in characteristic cross-sections x = 0.3125h 6(a), 0.625h 6(b), h 6(c), 2h 

6(d), 4h 6(e), and 6h 6(f). For all the cross-sections, it is observed that the ethylene cloud has 

a qualitatively similar form in both cases. However, in the first considered cross-section 

(x = 0.3125h) higher ethylene concentrations are observed near the ground for Case 1. In the 

other cross-sections located behind the injector position, on the contrary, higher concentra-

tions of ethylene near the ground are observed for Case 2. Based on the analysis of fig. 6, the 

unstable thermal stratification conditions lead to a more intense transfer of ethylene to the 

leeward wall of the prism, the ethylene transfer to the increased height above the prism and a 

significant decrease in the ethylene concentration along the ground behind the injector.  

To quantitatively estimate the influence of an unstable thermal regime (Case 1) on 

pollutant dispersion behind the prism, the profiles of <CCase1>/<CCase2>, expressing the ratio of 

normalized ethylene concentrations obtained for Cases 1 and 2, were calculated, fig. 7. The 

profiles of <CCase1>/<CCase2> are plotted along the horizontal lines z = 0.0625h, 0.5h, 0.75h, h, 

1.125h in the central section (y = 0 m). As it is shown in fig. 7, higher ethylene concentrations 

(<CCase1>/<CCase2> >1) on the leeward wall of the prism (x/h = 0.25) are observed in the 

Case 1 
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Figure 6. Mean tracer gas concentration <С>/C0 calculated for Case 1 and Case 2 at cross-sections 
x = 0.3125h (a), 0.625h (b);,h (c), 2h (d), 4h (e), and 6h (f)  

Figure 7. The ratio of the calculated mean 

tracer gas concentrations <CCase1>/<CCase2>, 
obtained along horizontal lines z = 0.0625h, 

0.5h, 0.75h, h, and 1.125h at the central  

plane (y = 0 m) 

 

for all the considered sections. At a height of z/h = 1.125 near the top of the prism, the mean 

pollutant concentration obtained for Case 1 is in ≈1.4 times higher than for the Case 2. At the 

heights of 0.75h, h and 1.125h, higher concentrations of pollutant also remains in the distance 

from the leeward side of the prism up to distances x/h ≈ 5. Near the ground at a height of 

0.0625h the ethylene concentration for Case 1 is lower (<CCase1>/<CCase2> <1) behind the in-
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jector, than for Case 2. For example, the ethylene concentration is <CCase1> ≈ 0.64 <CCase2> 

behind the injector (x/h = 1.25). This tendency is observed even far from the prism at x > 5h. 

Conclusions 

We conducted a series of numerical experiments to study dispersion of gas pollutant 

in a complex turbulent non-isothermal flow of atmospheric air around a prism with the pa-

rameter ratio 2:1:1 imitating a building. The main tool for numerical modelling was FLUENT 

2020R1. We compared the URANS k-ω SST and IDDES k-ω SST approaches to the descrip-

tion of a turbulent flow of a mixture of gases on an experimental data [11]. The IDDES ap-

proach demonstrated good qualitative and quantitative correlation with the experimental data 

both in the velocity and the gas pollutant concentration profiles, as well as in the temperatures 

in the re-circulation zones on the top of the prism and behind it. These results demonstrate 

that the IDDES approach allows us to increase the precision of numerical modelling in com-

parison with URANS models. It should also be noted that both the approaches predict more 

intensive convection in the recirculation zone behind the prism as well as in the flow region 

above it. 

We also compared the two heat regimes of the boundary-layer in the profiles of 

normalized gas pollutant concentration in the re-circulation zone behind the prism and in the 

distance behind the prism. We concluded that in the case of unstable thermal stratification 

(Rib = –0.085) a more intensive gas pollutant transfer to the leeward wall of the building is 

observed, the pollutant is transferred to the increased height above the prism and behind it, 

and pollutant concentration is lower on the ground in the distance behind the prism compared 

with a case of neutral (Rib = 0.0), close to an isothermal regime, stratification of the bounda-

ry-layer. 
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