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Abstract: Abstract: In that article a method of mathematical model (CFD) at designing ventilation of industrial
buildings with heat and gas emissions is considered. Influence of an aerodynamic regime of an industrial
territory on the rate of air exchange of industrial buildings is shown. Near production workshops, in the event
of an unfavorable wind direction, wind-created shadow zones occur which result in the pressure difference on
the opposite facades of the building. In addition, once deleterious compounds penetrate those zones, they start
building up to an extent exceeding the admissible level. With the incoming air the deleterious compounds again
enter the workshop, which affects the aeration and reduces its effect. It has been shown that in designing the
aeration of industrial buildings with heat and gas emissions, it is necessary to jointly tackle, by the CFD
method, the issues of locating the air exchange areas and preventing the production site pollution. The
comparison of results of mathematical model (CFD) and balance methods of calculation is executed. The
comparison of the computing methods used to determine the air exchange ratio showed that the air exchange
in  summer,  as  calculated  by  the  CFD  method,  is  2.6×10   m /hour  less.  Under  such  circumstances, the6 3

temperature and the concentration of deleterious compounds in the workshop conform to the normative
requirements.
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INTRODUCTION MATERIALS AND METHODS

The engineering methods of calculating the The numeric modeling of the production building's
parameters  of microclimate, air exchange and torrent aeration with heat and gas emissions has been done for
flows, which methods are based on integral balance the workshop module. Fig.1 shows the calculating grid of
method and empiric dependencies are widely used in the workshop module. In calculating the internal task, the
calculating the ventilation systems [1]. The use of the STAR-CD hydrodynamic system was used.
mathematical  modeling  in designing the ventilation The calculation of the aerodynamic mode of the
makes  it  possible  to  study  at  a  greater  length  the production site (speed fields and pressures) and the
specifics of air flow, speed fields, temperatures and estimation of its level of atmospheric pollution
concentrations in the rooms, to detect the irregularities in (concentration fields) were carried out based on the SPC
distribution of the said parameters and to ensure the program developed by the St. Petersburg State University
regulated microclimate parameters [2-4]. In evaluating the of Architecture and Construction. The core of the model
required air exchanges it also becomes possible to take is solution of Navier–Stokes three-dimensional differential
into account and consider the aerodynamic features of the equations as averaged by Reinhold and equations of
building. continuity and diffusion [5-7]. 
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Table 1: Concentrations of main deleterious compounds emitted by the
process equipment into the workshops 

C , mg/ C , mg/ C , mg/1 2 3
3 3 3

0.12 0.30 0.15

Fig. 1: Designed case module grid

Archimedes forces of free convection are calculated
in the Boussinesq approximation. A method of finite
volumes on a three-dimensional orthogonal un-displaced
grid was used for discretization of differential equations.
The  software  components  of  the system make it
possible to describe the geometry of the modeled space
and to establish the grid (mesh) density in the designed
area. For closing the hydrodynamics equations a method
is used proposed by Smagorinsky [8-9]. The constants

and C  have been chosen by comparing thebackground t

results of test calculations with results of on-location
examinations and those of the wind-tunnel tests. The
software enables the user to calculate the object flown in
any wind direction. The calculation finds out speed fields,
pressures and concentrations of deleterious components.
The verification of the developed mathematical models
has  been  carried  out  based  on  experimental  materials
[10-15].

Internal Task: In modeling the internal task (defining the
air exchange) for closing the hydrodynamics equations
one used a two-parameter model of the k-  turbulent
transfer. The calculations were made for the summer fields   obtained   in   the   dynamic   unit  of   the   model.
period. Modeling was done for heat and harmful
compound flows  coming  from  the  process   equipment.

Fig. 2: Air movement and the deleterious compound
concentrations field on production site:
transversal cut, section x = 400 m; wind direction
– perpendicular to longitudinal axis of production
buildings

Also, the modeling was done for exhaust ventilation
(suction 4 m /s). ). The concentrations of the deleterious3

compounds emitted into the workshops by the process
equipment were taken as those shown in Table 1.

calculation version – disregarding the aerodynamic
mode of the building. 
calculation version – in places where aeration grids
and skylights are, the pressure drop was set at a level
which would comply with the nature of flows passing
around the production buildings. 

The  air  is  removed  from   the   building   partially
by the mechanical ventilation (local suction over the
process equipment) and partially through the aeration
skylight.

External Task: There are 4 parallel and similar production
buildings, each measuring 800 m in length. The distance
between the buildings is 1H–1.5H (H = 28 m, the building
height). The buildings'  layout  scheme  is  shown in
Figure 2. The designed area was taken to be a 1600×830 m
rectangle. The height of ground layer is 150 m. Thus the
number of designed shells was 12 450 000 (cell 4×2×2 m).
Three components were calculated for each cell: wind
speed, turbulent viscosity factor and pressure. The
concentration fields were calculated based on an equation
of the passive admixture transfer with the use of speed

The calculated information was processed for the
characteristic sections of the production site. 
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Fig. 3: Speed fields in transversal section of the workshop module for summer

Fig. 4: Temperature fields in transversal section of workshop module during summer

Boundary Conditions: At the entry to the designed area The calculations were carried out for two directions
are the wind profile (logarithmic distribution) and of the wind that make up 0° and 90° relative to the
turbulence intensity and scale, characteristic of the free longitudinal axis of the production buildings. The wind
atmosphere. At the exit boundary of the designed area is speed was 2.7 m/s.
a condition of permanent pressure. The equations were
closed by the Samogorisky method [8]. The Main Part: For evaluating the impact of production

On the solid boundaries the conditions of adhesion site's aerodynamic mode, a calculation was made of the
are, U = 0. speed fields and pressure near the buildings. 

In the aeration grids and in aeration skylight opening In flowing over the production buildings by the wind
the speeds are obtained as a result of calculation of the flow a single zone of aerodynamic shadow is formed
internal task. whose characteristics depend on the wind direction

The calculation was carried out at the real wind (0–90° to the buildings' longitudinal axis). The dynamic
speeds, which are characteristics for summer. In pressure in the aeration grids of the buildings is not the
calculating the production site pollution level, the highest same for the wind directions considered. The pressure
concentrations of deleterious compounds in the aeration drop value in places where aeration grids are will vary
skylight were taken. Such values were obtained based on from the maximum (6 Pa) for the first in the row building to
the internal task (summer operating mode without the minimum – for the last building. Thus, a different
pressure drops). amount  of  air  comes  to  each  building  for  ventilation.
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Table 2: Volume and speed of air in gravity vent of the building 

Windward side Leeside
-------------------------------------------------------- ------------------------------------------------

Terms of calculation G, m /s U, m/s G, m /s U, m/s3 3

Without considering dynamic pressure 17.6 1.18 17.9 1.20
With considering dynamic pressure 36.7 2.45 2.55 0.17

Note. G, U are, respectively, consumption and mean speed module. 

Table 3: Designed air exchanges for the production building m /h3

Numerical modeling without Numerical modeling with
Season considering dynamic pressure, P = 0 Pa considering dynamic pressure, P = 6 Pa Balancing method 

Summer 19.11×10 21.29×10 21.70×106 6 6

Note. P – is air pressure in gravity vents.

The distribution  of concentrations and temperature in The deformation of speed fields, temperatures and
the volume in similar buildings will be different. The concentrations in production buildings will depend on
concentration in places where the air intake is will increase direction of the wind and the values of dynamic pressure
for each subsequent one in the flow, which is why the in gravity vents.
ventilation efficiency will drop. Air exchanges were defined with and without

Further on, with the help of STAR-CD hydrodynamic consideration of aerodynamic mode of the production
system, the speed fields, temperatures and concentrations side based on the analysis of spatial distribution of the
were determined in the building module. Also air speed of air, temperatures and concentrations of
exchanges were found for the entire building. deleterious compounds in the production buildings and

The examples of calculation results for speed fields distribution of concentrations of deleterious compounds
and temperature in the building module volume without in places where air-intakes are.
considering the aerodynamic mode of the production site The correlation of results of numeric modeling and
are shown in Fig. 3a and 4a. One can see the formation of balancing technique are given in Table 3. 
a convection flow over the heated process equipment. Table 3 shows that the air exchange for the summer

The influence of the aerodynamic mode of the period, calculated using a balanced method, is 2.6 ×10
production site on distribution of speed and temperature
in the building volume at the wind direction perpendicular
to the buildings' longitudinal axis (for the first building in
the flow), is shown in Fig. 3b and 4a. The aeration of the
building is provided mainly from the windward side. The
increased temperature zone is near the roof covering and
displaced to the lee façade of the building.

Table 2 shows the volume and speeds of air in
aeration gaps obtained in calculation. 

Without considering the pressure drops in gravity
vents, the amounts of air passing through the shutters on
the opposite sides of the building are practically the same.
The consideration of the windward pressure in gravity
vents (6 Pa) essentially changes the air movement in the
production buildings. The speed fields, temperatures and
concentrations become deformed, thus causing of
parameters redistribution in the building. For the last
building in the flow the pressure drop in gravity vents will
be insignificant and the distribution of parameters in the
building volume will be smoother. For the building which
is the last in the flow, the air exchange was determined
without considering the pressure in gravity vents.

6

m /h higher than the air exchange designed with the use3

numerical modeling (without considering dynamic
pressure).

The  example  of  calculating  an   external  task:
nature of  flow-over of the production buildings and the
field deleterious compounds concentrations in inter-
building spaces in one of the designed sections are
shown in Fig.2. 

CONCLUSIONS

In summer the designed gravity vents in the
production building ensure the air exchange of
19.11×10  m /h.6 3

The   temperature   in   the   operating   zone is
26–28°C.  The  concentration  of  deleterious  compounds
is below the admissible level. In considering the wind
pressure (6 Pa) in place where aeration grids are, the
aeration of the building is effected mainly on the
windward side. The air exchange grows up to
21.29×10  m /h.6 3
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The determination of the air exchange could be best 6. Grimitlin,   A.M.,    T.A.   Dacjuk,   G.Ja.   Krupkin,
made with considering the aerodynamic mode of the A.S. Strongin and E.O. Shil'krot, 2007. Heating and
production site, i.e. considering the pressure drop in ventilation of production rooms. Saint Petersburg,
places where the air intake is. Consideration of the RU: Publishing House Avatars North West, pp: 400.
wind pressure changes the air movement pattern in 7. Dacjuk,     T.A.,   2000.    Modeling   the   dispersion
the production buildings. The speed fields, of     ventilation      emissions.      St.     Petersburg,
temperatures and concentrations become deformed RU: State Architect. Civ. Engin. Univ. Press, pp: 209.
thus redistributing the parameters inside the 8. Smagorinsky, J., 1963. General circulation experiments
building. with the primitive equations Advanced Search.
Analysis of the ecological situation on the Monthly Weather Review, 91(3): 99-164.
production site performed for specific wind 9. Kleissl, J., B.  Parlange  and  Ch.  Meneveau,  2004.
directions made it possible to determine the value of Field experimental study of dynamic smagorinsky
expected concentrations and localization of the models in the atmospheric surface layer. Journal of
maximum pollution areas. Based on the calculation the Atmospheric Sciences, 61(18): 2296-2307.
results for the most unfavorable wind directions it 10. Dacjuk,   T.A.,   V.F.   Vasil’ev,  V.V.  Derjugin  and
became possible to determine the maximally U.P. Ivlev, 2007. Method of calculating the aeration
permissible values of production site pollution by the in workshops with heat and gas emissions. In the
main ingredients (C –C ) without considering the Proceedings of second international conference1 3

background. “Theoretical foundations of heat and gas supply and
Efficiency of production buildings' aeration was ventilation” 21-23 November. Moscow, RU: Moscow
determined. With wind direction perpendicular to the State Construction University Press, pp: 170-173.
buildings' longitudinal axis, the aeration efficiency of 11. Dacjuk,   T.A.,   V.F.  Vasil’ev,   V.V.  Derjugin   and
the last building is 30% below that of the first one. U.P.   Ivlev,    2003.   Analysis   of   results of
To ensure the standard sanitary and hygienic physico-mathematical modeling in solving the
conditions in production buildings and on problems of industrial ventilation. News of Higher
production sites at a minimum energy consumption, Educational Institutions: Construction, 9: 56-63.
it is advantageous to tackle the external and internal 12. Dacuk, T. and K. Jablonskij, 1995. Indoor air quality
tasks simultaneously, using the mathematical and building wake contamination. In the Symposium
modeling technique. indoor air quality in practice, moisture and cold
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