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Summary Aerodynamic procection of aperture in buildings eflectively coumeracts cold 
in.grcss while doors are open. Aerodynamic protection syscems are classified as full or partial. 
Full syscems are characcerised by vinually complece localisarion of the apertu re and elimination 
of its influence on the ai r- heal regime (AHR) of che premises. The air curtain and infiltration 
proteccion systems are full systems. Partial aerodynamic protection systems (SAP) are used where 
full protection systems are ccchnically impossible or economically inexpedienc to implement. SAP 

reduces the quancicy of external air entering the premises, bur does not remove the influence of 
the aperture on the AHR. The physical-mathematical model of AHR of premises with large 
apertures is developed in terms of microclimacic variables. The resulting algorithm determines 
the current air temperature, the temperatures of surfaces of gates and plant, the optimal capncicy 
of the peak heating system and SAP , and [he time taken to re-establish sready·state microclimatic 
condidoas. The application of the program is illustrated by an example of calculacion fo r a 
hangar building. 
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Air temperature in lower zone (0 C) 
Air temperature in the upper zone (°C) 
Wall surface temperature in lower zone (°C) 
Wall surface temperamre in upper zone (°C) 
Floor surface temperature (°C) 
Roof s4rface temperature (°C) 
Plant temperature (°C5 
Comfort temperature (°C) 
Outside temperature (°C) 
Building height (m) 
Height of lower zone (m) 
Height of upper zone (m) 
Output of heating system in lower zone 
Output of heating system in upper zone 
Output of peak heating system in lower zone 
Output of peak heating system in upper zone 
Outside air volume (m3

) 

Output of Aerodynamic protection system 

1 Introduction 

Aircraft hangars and shipbuilding shops are character
ised by large gate apertures. Periodic opening of gates 
influences the aix-heat regime (AHR) of building espe
cially in the cold perjod of the year, causing an unaccept
able drop in temperature near the gates, draughts and 
additional heat expendirure. Because of the height of 
gat~s the rarefaction effect may reach 60 Pa, the velocity 
of the air impulse 10 m s "" t, and beat losses through the 
apercure 600kWm - 2

• Heat losses through the aperture 
can be reduced by aerodynamic protection systems which 
can be classified as full or partial. 

2 Full protection systems 

Full aerodynamic protection systems are characterised by 
almost complete localisation of the aperture and elimi
nation of its influence on the AHR of the premises. The 

air curtain (Ac) and infiltration protection systems are 
full systems. 

AC are used for the apertures of limited size, mainly for 
automobile and railway gates. The main drawback of the 
traditional AC is its considerable heat emission. To cut 
down heat expenditure new aerodynamic schemes for AC 

have been developed, providing full or partial air 
_heating. These systems can be fitted whether or not there 
is a lobby. 

An air curtain with a lobby acting on the 'curtain in the 
channel' principJe<4

> is shown in Figure 1. The principle 
of action is based on the complete transition of a jet 
impulse into counter pressure, which hinders outside air 
percolation into the premises. The air is supplied in the 
opposite direction to the fl.ow of external air, or at a small 
angle. A curtain jet propagates along the channel walls, 
slows down and makes a U-turn, reversing along its axis. 
An exclusive circulation contour is created, stable against 
external effects. The lobby length is chosen to meet the 
condition that air is not forced outside. To shorten the 
lobby the air is usually produced as an incomplete fan jet 
from a specially constructed outlet. 

The air curtain for large gates without a lobby0 > is shown 
in Figure 2. An air jet is emitted at an angle of 15-45° to 
the surface of the gate. 

The AC parameters are chosen so that the net air fl.ow 
through the aperture is zero, and a reversed local circula
tion contour is created. 

Unlike traditional curtains, for large gates it is worth 
changing air supply from a fl.at jet to a system of compact 
jets from several units, thus reducing the material 
requirement for the distributive ducts. The units may 
use axial flow fans at medium pressure with collectors 
and nozzles. The units are mounted so as to allow indi
vidual aim Of the air outlets depending on the height of 
opening of the gate. 

To prevent the infiltration of external air through the 
clearances around large gates when closed, a system of 
special air curtains (SPI) has been constructed<5 >. Figure 3 
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Figure 1 Air cuna:i:. ::-.::: ~'~ ;c:Ze door ,,,-jth lobby: 1 fan; 2 dis-
tributive duct; 3 lobby: .; :c-_e.: 

is a schematic of C:ie SPI. ~-L from inside the premises is 
directed through 5lot ::l.O< -.es into apertures along the 
perimeter of the g.:::.:res. It ~:....-s down the infiltration and 
after making U-m i~ is =~directed into the premises. 
All SPI elements are moh .. =ri at the hinge of the gate. 
Application of SPI avoids ~eliable mechanical tight
ening and reduces the h~ requirements for the prem
ises. 

A theoretical design methcC. has been developed for AC 

aerodynamic schemes. It is :,ased on the law of conserva
tion of impulse in the ch~ contour combined with the 
laws of heat and mass tran~er in turbulent flows< 2 >. The 
analytical functions are con:E:nned by experiment. 

,3 Partial protection sysu:ms 

Partial aerodynamic .prote=::ion systems (SAP) are used 
where full systems are teci:mically impossible or eco
nomically inexpedient to :mplement. SAP reduces the 
quantity of external air e:u:ering the premises but does 
not eliminate the influence of the opened aperture on the 
AHR. SAP are usually arranged on the principle of the 
'curtain in a channel', with air supplied from the depth 
of the building to the gates by compact jets). The effi
ciency of SAP and their optimal capacity may be deter
mined by AHR calculations._ 
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Figure 4 Scheme of hangar with open door 

premises and their environment, and due to wind pres
sure. This bursting flow cools the premises strongly. As 
the internal air temperature lowers, the air exchange 
between the external environment and the premises 
lessens . The internal air temperature drops more quickly 
than that of the internal wall surfaces and the plant so the 
proportion of radiant heat transfer is increased in the 
process of cooling the premises. 

After closing the gates it is necessary to rescore the initial 
microclimatic parameters. This takes too long if the ordi
nary heating system is used. To accelerate the process a 
peak heating system is used, 2-3 times more powerful 
than the ordinary beating system. The peak heating 
system r,equires expenditure, so the SAP is designed to . . ~ ~ ... ~ . 
m1mm1se costs. · «· 
The physical-mathematical model of AHR for premises 
with large gates bas been developed to monitor micro
climatic parameters in two regimes : 
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Aerodynamic protection against cold 

(a) the calculation of nonstationary AHR from the 
moment the gates open to the moment of their com
plete closing 

(b) the calculation of nonstationary AHR from the 
moment of switching on the peak heating system (the 
moment the gates are completely closed) to the 
moment of re-establishment of normal microclimatic 
parameters in the premises. 

The physical-mathematical model is based on the folo
wing assumptions: 

(i) The premises are divided vertically into two zones 
separated by the 'neutral line'. 

(ii) The level of the neutral line is determined only by 
the geometric sizes of premises and gates, and also 
by the power of SAP. 

(iii) Convective and radiant heat transfer in the premises 
are taken into account separately. 

(iv) The heating system (and also the peak heating 
system) supply the radial and convective com
ponents of heat emission. 

(v) Turbulent heat transfer takes place between the 
upper and low zones in regime 2. 

AHR regime 1 is calculated through a system of differ-
ential equations as follows: 

the equation of nonstationary air heat balance of 
zones 1 and 2 (taking into account mass transfer with 
external environment and between the zones); 

the equation of nonstationary wall heat balance for 
zones 1 and 2 

the equation of nonstationary heat balance for the 
floor and roof 

Figure 5 Dynamics of tem
perature changes 
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the equation of nonstationary heat balance for the 
plant 

the equation of heat comfort for personnel working in 
zones 1 and 2. 

The calculation of AHR for regime 2 is made using the 
same equations with the additional condition that the 
peak heat heating system power for the zones is known. 

The system of equations is solved by a program written 
for IBM or cQmpatible personal computers. 

The program calculates the current air temperature in 
the zones 1 and 2, the surface temperature of barriers 
and plant, microclimatic parameters in the occupation 
zone, the optimal capacity of the peak heating system and 
SAP·, and the time to re-establish the microclimatic 
parameters in the working zone. The program also deter
mines the maximum possible air influx given a specified 
minimum air temperature. 

4 Analysis of results 

The application of the program is illustrated through the 
example of an aircraft hangar 30 min height with folding 
gates 72 m wide and 15 m high. The temperature of the 
outside air is -30°C. The time from the beginning of 
opening to complete gate closure is 1800 s. SAP output is 
100 m 3 s- 1

. The output of the peak heating system is 
twice that of the main heating system. 

The evolution of physical parameters is shown in Figure 
5. It is clear from the diagram that in the low zone is 
colder than the upper zone at the moment the gates close. 
The temperatures then gradually become equal (partially 
due to the SAP). The temperature of the internal surfaces 
of massive barrl.ers (roofs and walls) is reduced to a lesser 
extent than the air temperature. The temperature of the 
floor (the barrier with the greatest heat inertia) hardly 
changes. The air temperature starts rising even before 
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the gates close completely, and the peak heating system 
cuts in. This is explained by intense heat emission from 
the floor surface. The microclimatic parameters are res
tored one hour after the gates are completely closed. The 
surface temperatures of barriers and plant are restored 
more slowly. 

5 Conclusions 

Aerodynamic protection of open aperture has been devel
oped so as effectively to combat cold ingress into prem
ises when the gates are opened. The design of the system 
is optimised through multivariant analysis programmed 
on a personal computer. 
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