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Summary. This article provides the review of 
scientific literature on the estimation of ventilation 
systems efficiency. It has been shown that energy 
efficiency requirements are becoming increasingly 
important for building microclimate systems. The 
operating costs of ventilation and air conditioning 
systems in some buildings can reach 50% of the 
total cost. The state of the airspace directly affects 
the health of people and the productivity of their 
work. Therefore, the question of assessing the 
quality of ventilation and air conditioning systems 
at the design stage is relevant.  

There are different approaches to determining 
the efficiency of air exchange in the room. Modern 
approaches to assessing the effectiveness of venti-
lation in Ukraine, the EU and the US are signifi-
cantly different, requiring an analysis and under-
standing of the advantages and disadvantages of 
each. The evaluation of the air exchange efficiency 
using the KL coefficient is based on the construc-
tion of an approximate mathematical model of heat 
and mass transfer processes in the room. The 
methods of its analytical determination are devel-
oped.  

However, the coefficient KL does not allow to 
evaluate the efficiency of ventilation systems with 
variable air flow, the use of KL is problematic for 
height uniform distribution of temperature in the 
room. European approaches to assessing the effec-
tiveness of ventilation are based on the assessment 
of the average CO2 concentration in the room or 
the average concentration of CO2 in the service 
area. The concept of air "age" is also used. It is 
impossible to estimate the effectiveness of ventila- 

 
tion by the formation of temperature and humidity 
fields indoors according to European methods.  

US standards use indoor air quality and energy 
consumption to compare Evz ventilation efficiency. 
However, the determination of the efficiency of the 
air distribution Ez, on which the value of Evz de-
pends, is carried out in a simplified manner. All 
existing techniques do not allow to determine the 
intensity of air turbulence in the room. For this 
purpose, we need to develop criteria for assessing 
the effectiveness of ventilation, which takes into 
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account the majority of factors that affect the mi-
croclimate in the room. 

Key words. Energy efficiency, ventilation sys-
tems, air conditioning, coefficient, flow rate, air 
"age", American methodology, V V-systems, 
single-channel systems, cold air supply. 

 
FORMULATION OF THE PROBLEM 

 
The issue of assessing the energy efficiency 

of a building engineering system is becoming 
increasingly important. In some buildings, 
operating costs for systems of ventilation (SV) 
and air conditioning (HVAC) can reach 50% 
of total costs. Therefore, the issues of quality 
of assessment and air conditioning at the de-
sign stage are relevant. 

There are different approaches to determin-
ing the efficiency of air exchange in the room. 
Modern approaches to assessing of effective-
ness of SV and HVAC in Ukraine, are signifi-
cantly different from EU countries and the 
USA, which requires analysis and understand-
ing of the advantages and disadvantages of 
each. 

 
ANALYSIS OF RECENT RESEARCH  

AND PUBLICATIONS 
 
In the domestic practice of designing, an 

assessment of the air exchange organization 
effectiveness is carried out using one of the 
following techniques: 

The "integral" method [1, 2, 3] is based on 
the compilation of an approximate mathemati-
cal model of heat and mass transfer processes 
in the room and the determination of the air 
exchange coefficient KL; 

The "power" method [4], which uses the ra-
tio of the energy of the fuel and heat jets to 
characterize the distribution of harm in the 
premises; 

The "statistical" method [5] allows us to es-
timate the unevenness of the field of tempera-
ture and velocity in a room formed by the air 
distribution system and is characterized by the 
law of distribution and the mean square devia-
tion . 

An American approach to assessing the 
ventilation systems effectiveness is described 

in ASHRAE (American Society for Heating, 
Refrigerating and Air Conditioning Engineers) 
standards [6] 

European norms determine the effective-
ness of the correlation between concentrations 
of carbon dioxide pollution in the tidal and 
exhaust air [7] 

The energy efficiency of the SV and HVAC 
systems is largely determined by the organiza-
tion of air exchange, which in turn depends on 
the type and location of sources of pollution, 
the design features of the premises and, above 
all, the air distribution system.  

Formulation of the problem. Comparative 
analysis of the current criteria is conducted in 
this article for assessing the effectiveness of 
SV and HVAC used in domestic, American 
and European approaches in order to identify 
the advantages and disadvantages of each and 
to develop a modern approach that will 
take into account all factors affecting efficien-
cy. 

Main part. The task of improving the ener-
gy efficiency of ventilation and air condition-
ing systems is directly related to the efficiency 
of the use of air supplied to the premises. 
There are different approaches to determining 
the efficiency of air exchange in the room. 

The "integral" method uses the coefficient 
of air exchange KL, which led N.S. Sorokin [8] 
to evaluate the efficiency of the use of tidal air. 

The coefficient of air exchange KL is a tem-
perature simplex, which is known to be used in 
determining the amount of inflow air supplied 
to the room (air exchange), and the assessment 
of the efficiency of air distribution systems. 
Depending on the task, the air exchange rate is 
determined [9] by the temperature tl of the 
exhaust air 

 
)/()( inwznilL ttttK , 

 
or by the average temperature tl,sum of the ex-
haust air of local and general exchange venti-
lation systems  

 
)/()( ,, inwznisumlsumL ttttK , 

 

_______________________________________________________________________________________

_______________________________________________________________________________________

ENERGY-EFFICIEN Y IN CIVIL ENGINEERING AND ARCHITECTURE. 2018. Issue No. 11.

104 ISSN 2310-0516 (Print)



or by the weighted average temperature of the 
air over the zones of the room: 
 

ililisuml GGtt ,,, / . 
 

The coefficient KL is used to calculate the 
air exchange in the room. For example, when 
calculating the excess of explicit heat: 

 

)(
)(6.3

0
inwzL

inwzwz
wz ttKc

ttLcQLL , (1)

 
where: Lo  – amount (flow) of the inflow air, 
m³/h; Lwz – flow rate of air removed from the 
working area by local suction pumps, common 
ventilation and technological needs, m³/h; 
tin, twz, tl – the air temperature is accordingly 
fed into the room, in the working area, re-
moved from the outside of the working area, 
ºC; Q – excessive apparent heat flow in the 
room, W; c – air heat capacity, kJ/(m³ s). 

For the theoretical estimation of the air ex-
change rate, the use of an approximate mathe-
matical model of heat and mass transfer pro-
cesses in the premises is proposed in the works 
[10] based on the balance equations. The de-
velopment of the model consists of four stag-
es: 

1. Determination of the calculation scheme 
of heat and mass exchange in the room with 
the allocation of characteristic volumes and 
surfaces involved in heat and mass transfer, 
and with the designation of heat flows and air 
mass. 

2. Equations formation of heat and mass 
conservation for all characteristic volumes and 
surfaces with addition of other equations of 
connection if possible. 

3. Reduction of balance equations to the 
calculation form. 

4. Setting a specific problem and solving a 
system of equations. 

The approximate mathematical model al-
lows to distinguish the main factors that de-
termine the efficiency of the air exchange, 
evaluate their impact and optimize the val-
uesof controlled factors (air flow and tempera-
ture, type of steams, etc.). 

It is generally accepted to evaluate the effi-
ciency of air supply by the magnitude of the 
air exchange rate: the more KL is, the less 
amount of air supplied to the premises is need. 
In the result of many years’ research, the cal-
culated ratios for finding the air exchange rate 
(KL) were obtained for all major methods of 
supplying air to ventilated and air-conditioned 
rooms [1, 2, 3] 

In Pozin work [11] it is suggested to take 
into account not only the value of KL, but also 
the operating temperature difference: 

 
inwzwz ttt , 

 
to estimate the air exchange efficiency. At the 
same time, the value of the working tempera-
ture difference can be varied and determined 
by the system of air distribution. The larger 
value of the product of this coefficient on the 
temperature difference magnitude, the more 
perfect is the organization system of air ex-
change. 

The disadvantages of the "integral" method 
include the impossibility to determine the ef-
fectiveness of SV and HVAC with quantitative 
regulation, turbulence of air in the working 
area. The use of a coefficient  as a criterion 
for the effectiveness of air exchange, for prem-
ises where it is necessary to maintain the same 
height and humidity (for example, museum 
rooms), needs to be substantiated. 

V.M. Elterman [4] proposed to characterize 
the processes occurring in the ventilation of 
rooms with excess heat, criterion K, which is 
derived from the equation that determines the 
amount of energy dissipating in the air envi-
ronments of the ventilated space. Dependence 
obtained: 

 

2
00

3

lQg
Tc

K , (2) 

 
where:  is the average speed of air outlet 
from the fuel outlets, m/s;  – Indoor air densi-
ty, kg/m3; l – characteristic size, m. 

The heat stress of the volume, W/m3, shows 
the ratio of energy of the inflow and thermal 
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steams. It can be considered as the ratio of 
kinetic energy, which dissipates in the mass of 
the air, to the energy that spends against gravi-
ty. In the work [4] it is shown that the coeffi-
cient KL can be expressed by criterion K for a 
heat-stressed building. The criterion K makes 
it possible to evaluate the changes in the ratio 
of conditions in the working zone and in the 
air to be removed when changing the individu-
al values included in this criterion. However, 
in addition to the disadvantages of the KL coef-
ficient, criterion K does not take into account 
the heterogeneity of heat transfer in certain 
areas of the premises, it can not be applied if 
the main harmfulness is carbon dioxide CO2 
[12, 13]. The statistical method allows us to 
estimate the unevenness of the temperature 
field t, c; mobility v, m/s; relative humidity , 
which creates an air distribution system in the 
working area [14]. The unevenness of the field 
of these parameters may be characterized by 
the distribution law and the mean square devi-
ation . With some approximation, they adopt 
a normal law of temperature distribution and 
indoor air mobility [15, 16, 17]. Under these 
conditions, deviations within ±  of the mean 
value occur at 2/3 points (volume of the work-
ing zone), and ±2 -approximately 95% of the 
points. The disadvantage of the static method 
for assessing the effectiveness of establishing 
normative parameters of the air environment in 
the premises is the need to include experi-
mental data for calculations for each type of 
air distribution devices that are used. 

The European approach to assessing the ef-
fectiveness of ventilation is based on two con-
cepts: 

- Effectiveness of removing pollutants c as 
a measure of the removal speed of contaminat-
ed air from the premises [18]; 

- Efficiency of air exchange c as a measure 
of the rate of air indoors replacement [19] 
(concept of air "age"). 

The effectiveness of the removal of pollu-
tants can be determined relative to the average 
concentration of pollutants in the room: 

 

smean

se
c CC

CC
, (3) 

Or for the average concentration [21] of 
pollutants in the service area: 

 

soz

se
c CC

CC
. (4) 

 
where: Ce – concentration of pollutants in the 
exhaust air; Cs – Is the concentration of pollu-
tion in the inflow air; Cmean – is the average 
value of the concentration of pollutants in the 
room; Coz – is the average concentration value 
of contaminants in the service area. 

 Formula (4) is similar to dependence (1) 
for determining the coefficient KL. Using the 
criterion of the effectiveness of removing pol-
lutants C  it is impossible to take into account 
the distribution of its concentration in separate 
zones of the premises, especially when it is 
unevenly located in height of the room, for 
example, as in the Orthodox churches. 

The concept of air "age" is based on the de-
termined time of finding the air molecules at a 
given point. The reference time begins with 
the supply of air into the room. The average air 
"age" at a point describes the stationary mode 
of ventilation and shows the average time air 
molecules that hit this point spent in the room 
[22]. Near the exhaust holes, the average air 
"age" in hours is the magnitude of the inverse 
multiplicity of air exchange: 

 
LV / , (5) 

 
where: V – volume of the room, m3; L – flow 
rate of air, m3/h.  

Thus, the average air "age" at the point 
is the measure of air quality at the point.  

The efficiency of the air exchange a, %, is 
defined as the ratio of the minimum possible 
replacement air time in the room [23] r , 
equal to twice the average air “age” in the 
room : 

 
)2/(100100)/( nrna . (6) 

 
The local air exchange rate a

p characterizes 
the state of the air environment at a specific 
point P. The local air exchange rate is the ratio 

_______________________________________________________________________________________

_______________________________________________________________________________________

ENERGY-EFFICIEN Y IN CIVIL ENGINEERING AND ARCHITECTURE. 2018. Issue No. 11.

106 ISSN 2310-0516 (Print)



of the nominal constant time n to the average 
air "age"  at the point P: 

 
/100 n

a . (7) 
 
The air "age" is a factor in assessing the 

ability of the ventilation to dilute CO2 and 
other gases to the maximum allowable concen-
tration. It is not possible to estimate the effec-
tiveness of ventilation on the formation of 
temperature and humidity parameters of the air 
environment in the room [24]. 

The American methodology [6] for calcu-
lating efficiency is based on the concept of the 
effectiveness of ventilation of the zone. 

The rate of air exchange is determined by 
the summation of the need to supply fresh air 
directly to human breathing and to dilute the 
harm done in the room. 

 
THE ORDER OF CALCULATION OF  

V V-SYSTEMS ACCORDING TO  
ASHRAE 62.1-2016 

 
Firstly, the air flow rate for the working ar-

ea is determined by the formula: 
 

zzpbz ARPRV , (8) 
 

where: Az is the floor area of the zone: the net 
floor area of the zone, m2; Pz – number of peo-
ple in the zone; Rp, Ra – required external air 
flow, respectively, per person, and per unit 
area. 

We find the calculated zonal flow of exter-
nal air next: 

 
zbzoz EVV /  (9) 

 
Efficiency of zonal air supply (Ez) is taken 

according to Table 1, depending on the scheme 
of airborne exchange in the room. Exhaust air 
consumption depends on the type of system: 

1) For single-zone systems: 
 

ozot VV .  
 

2) For systems that operate without recircu-
lation (100% external air): 

 
ozallzonesot VV . (10) 

3) For multi-zonal systems 
 

vouot EVV / , 
 

where: Vou – uncontrolled outdoor air sam-
pling: 

 
ARRRDV aallzoneszpallzonesou ; (11) 

 
Ev – the effectiveness of the ventilation sys-
tem, determined by the table, depending on the 
Mach (Zp); D – change of presence: 

 
zallzoness RPD / .  

 
If the effectiveness of the ventilation sys-

tem can not be determined from Table 1, the 
alternative calculation method shown in An-
nex A of this standard can be used, where Ev is 
equal to the lowest of the values calculated by 
the efficiency of the zonal ventilation Evz (effi-
ciency with which the system transfers the 
outside air from the air outlet to a separate 
work area). 

For single-channel systems: 
 

pzsvz ZXE 1 , (12) 
 

where: Xs is the average proportion of external 
air in the inflow air of a ventilation system 
operating on several premises; Zpz – the pro-
portion of external air in the inflow air space. 

The equation is used for systems where all 
ventilation air is a mixture of external air and 
recirculation from one place. 

The general case:  
 

acdbsavz FFZFXFE /)( . (13) 
 
The equation is used for systems that pro-

vide all or part of the ventilation by recirculat-
ing air from other zones without directly 
blending them with the outside air. 
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The effectiveness of the ventilation system 
is determined from the equation: 

 
)min( vzv EE . (14) 

 
In equation (13) Fa is the proportion of the 

inflow air in the zone from sources outside the 
zone: 

 
rppa EEEF )1( ; (15) 

 
Fb – fraction of the inflow air in the zone of 
completely mixed primary air:  
 

Fb = Ep;  
 
Fc – share of external air in the zone from 
sources outside the zone:  

 
)1()1()1(1 przc EEEF ; (16) 

 
Ep – share of primary air in the zone: 

 
dzpzp VVE / , (17) 

 
(Ep = 1.0 for single-channel and single-zone 
systems); Er – systems with repeated recircula-
tion reverse air, share of air recirculation in the 
area, which represents the average reverse air 
system, not specifically taken from the area, 
generally, Er = 0.0; Ez – efficiency of zonal air 
supply, is determined from Table 1; 
Vdz – total air flow, (l / s); Vpz – initial zonal air 
flow rate l/s; Xs – the average value of the ven-
tilation component: in the initial treatment of 
air, the proportion of external air in the initial 
air flow, 

 
psous VVX / ;  

 
Zd – maximum value of the ventilation com-
ponent: the proportion of external air required 
for air supplied to the zone,  
 

 
dzozd VVZ / ;  

 
Voz – zonal air flow: estimated outside air flow, 
required for the zone, i.e.: 

 
zoz EVV bz / .  

 
Thus, both for single-channel systems, and 

in the general case, the zonal air flow required 
for ventilation of the zone depends on the air 
supply and removal scheme (see Table 1) from 
the premise, that is the organization of air ex-
change. However, the recommended schemes 
in the ASHRAE standard (Table 1) do not 
cover the entire variety of indoor air supply 
and removal schemes. The effectiveness of 
ventilation depends not only on the scheme of 
organization of air exchange, but also on the 
type and location of sources of pollution in the 
room, the presence of moving objects, etc. 

 
CONCLUSIONS 

 
Energy efficiency of ventilation and air 

conditioning systems is determined by the 
scheme of organization of air exchange, type, 
location and power sources of pollution, tech-
nological processes, structural features of the 
premises, air distribution system, etc. The 
methods for determining the criteria for the 
effectiveness of ventilation systems in the 
post-Soviet, European and American ap-
proaches are rather simplistic, not taking into 
account the influence of all the above factors 
on the state of the air environment in the prem-
ises. It is not possible to determine the intensi-
ty of turbulence according to the existing 
methods, the value of which is normalized. 
Therefore, it is necessary to develop a criterion 
for assessing the effectiveness of ventilation, 
which takes into account the majority of fac-
tors that affect the microclimate in the room, 
and have explicit physical content. 
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Table 1. Efficiency of air distribution in zones 
 

 Scheme Description of the air distribution scheme z

1 
tc

 

Cold air supply to the upper zone 1.0 

2 
th

 

Warm air supply to the upper zone and removal from the bottom 1.0 

3 
th

 

Warm air supply (more than 15 ° F (8 ° C) warmer than the 
room temperature) to the upper zone and removal from the up-
per zone 

0.8 

4 
th

 

Warm air supply (less than 15 ° F (8 ° C) is warmer than the 
room temperature) to the upper zone and removal from the up-
per zone, providing a flow feed rate of 150 ft / min (0.8 m / s) at 
an height of up to 4.5 feet ( 1.4 m) from the floor level. Note: 
For the lowest air supply speed, Ez = 0.8. 

1.0 

5 

tc

 

Cold air supply to the lower zone and removal from the upper 
zone, providing a feed rate of 150 ft / min (0.8 m / s) at a height 
of 4.5 feet (1.4 m) or higher than the floor level. Note: Most 
floor air systems comply with this condition 

1.0 

6 

tc

 

Cold air supply to the lower zone and removal from the upper 
zone, providing low-speed retracting ventilation, which is 
achieved by indirect flow and temperature stratification. 

1.2 

7 

th

 

Warm air supply to the lower zone and removal from the lower 
zone 

1.0 

8 

th

 

Warm air supply to the lower zone and removal from the upper 
zone 

0.7 

9 

 

Air supply is carried out at the opposite side of the room  0.8 

10 

 

Air supply is carried out close to the removal point 0.5 
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