
Nina Kalin Boian Yordan

The computational fluid dynamics (CFD) is increasingly used at design activities in the recent 
decades. It allows obtaining of detail information about the velocity, pressure and 
temperature fields at heating, ventilation and air conditioning of residential and industrial 
buildings [1-5]. Different tasks can be solved based on CFD analyses as prediction of 
pollutions and smoke distribution, determination of proper locations of supply and return 
vents, heat sources and measuring sensors [6, 7]. 

According to the Bulgarian regulations [8], the conceptual, technical and work projects 
may include models and computer animation to illustrate the operation of the systems - 
objects of design. Such models are especially useful for accurately defining of parameters 
that are computed according to the design regulations in a wider range and are not applicable 
for particular cases. For example, there are established methods for computation of the air 
exchange rate due to infiltration and natural ventilation in residential, commercial, office 
buildings and institutions [9, 10]. However, they give approximate solutions for the air 
exchange, caused by stack and wind effects at tall industrial or storage halls with relatively 
high intensity of opening of doors at different facades [11].  CFD analyses can be used here 
to obtain detailed information of the airflows at the natural ventilation, taking into account 
the specificity of the buildings and the local climate conditions [12, 13]. 
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The aim of the present study is to develop and test a model for quick numerical simulation 
of the heat transfer and natural ventilation in storage logistic halls, allowing estimation of the 
temperature and fluid flow fields at different combinations of openings and outdoor 
conditions. 

Table 1. Boundary conditions. 

Boundary Variable 

Heating systems 

External surfaces of 
radiators 

Temperature 

Outlets at fan coil units, 
water fan heaters and 

mechanical ventilation 
Temperature and velocity, mass flow or gauge pressure 

Inlets at fan coil units, 
water fan heaters and 

mechanical ventilation 
Velocity, mass flow or vacuum pressure 

Radiant heating system 
Temperature and emissivity on the radiating surfaces;  

emissivity of all solid surfaces, viewing the radiating surfaces 

All systems Heat source on a subdomain covering the heated space 

Openings on the building envelopes 
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Vertical opened 
windows and doors 

(opening boundaries) 

Wind pressures with positive values at the windward facades and 

negative on the leeward ones:  ;  
ambient temperature tamb 

Smoke vents on the 
roofs (opening 

boundaries) 

Local atmospheric pressure, computed according to the altitude. 
ambient temperature tamb 

Closed doors, windows walls, roofs and floors 

 Heat exchanging 
boundaries 

Coefficient of heat transfer from the internal surface to the outdoor 

environment:  ; 

ambient temperature tamb 

pw
Cp Vw

U= ; Rse Ri

tamb tamb
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Table 2. Modelled scenarios and results about the air exchange. 

tamb Vw

tamb Vw

tamb Vwind

tamb Vw

    E3S Web of Conferences 207, 0100 (2020)
PEPM'2020

5 https://doi.org/10.1051/e3sconf/202020701005

4



    E3S Web of Conferences 207, 0100 (2020)
PEPM'2020

5 https://doi.org/10.1051/e3sconf/202020701005

5



    E3S Web of Conferences 207, 0100 (2020)
PEPM'2020

5 https://doi.org/10.1051/e3sconf/202020701005

6



The proposed concepts for modeling and numerical simulations allow analyses of the natural 
ventilation and heat transfer in logistic storage halls at variations of climatic conditions, 
openings and heating capacities. The further development of the models, taking into account 
of the intensity, mass and temperatures of supplied and leaving loads will enable obtaining 
of information about the heat exchange in the halls under real operation conditions. 
 
 
The investigations in that paper have been implemented with the financial support of National 
Programme “Young scientist and postdoctoral students”, funded by Bulgarian Ministry of Education. 

The numerical simulations are done in Center of mathematical modeling and computer simulation 
at University of Chemical Technology and Metallurgy. 

    E3S Web of Conferences 207, 0100 (2020)
PEPM'2020

5 https://doi.org/10.1051/e3sconf/202020701005

7



American Society of Heating, Refrigerating and Air-Conditioning Engineers

ANSYS Release 16

    E3S Web of Conferences 207, 0100 (2020)
PEPM'2020

5 https://doi.org/10.1051/e3sconf/202020701005

8


