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Abstract: By the method of numerical simulation, the heat transfer from the room to the environment through a system 
of two double-chamber windows, into the gap between which ventilation air from the room supplies, is being 
researched. Distributions of air velocity and temperature in the chambers of double-chamber windows and in the gap 
between double-chamber windows are determined. The influence of the flow of ventilation air entering the space 
between the double-chamber windows on the amount of heat transferred from the room to the space between windows 
through the inner window and the amount of heat removed from the gap to the environment through the external double-
chamber window is investigated. The energy advantages of the method of removing ventilation air through the gap 
between double-chamber windows over the method of direct removal of ventilation air from the room to the 
environment are determined. 
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1. Introduction 

One of the methods of reducing heat loss from the room and increasing the energy efficiency of window 
structures is the supply of air removed from the room as a result of ventilation through window structures. 
There are options for supplying air, which is removed from the room and has the temperature of this room, 
between two glasses in a single-chamber window, or supplying this air to the outer chamber of a double-
chamber glass unit (Basok et al. 2023a). In (Gloriant et al. 2015), it is proposed to use a window through which 
air is supplied from the environment to the room as a passive heat recovery system that promotes ventilation 
of the building. In this case, part of the heat transferred from the room through the glass to the environment is 
recovered by the air flow. Studies of the heat transfer process under consideration are carried out both by CFD 
modeling and by a simplified calculation model. The results of experimental studies of the thermal state of 
a triple-glazed supply-air window in steady state condition are presented in (Gloriant et al. 2021). In (Taynara 
et al. 2019), the heat transfer through a ventilated double-glazed window is studied by numerical simulation. 
The case of the presence of a reflective film attached to the inner surface of an outer sheet of glass is considered. 
In (Khosravi & Mahdavi 2021), a detailed parametric analysis of the thermal characteristics of ventilated win-
dows having different geometric characteristics was carried out, and their ability to preheat the ventilation air 
supplied to the room was assessed. In (Carlos et al. 2011) it is proposed to use a double window to preheat 
ventilation air. A ventilated double window consists of two parallel windows that create a gap through which 
air flows. The gap that is formed between the windows is supplied with fresh air from outside through vents 
on the base of the outer window. The heat transfer mathematical model in this system and results of a simula-
tion work based on it is proposed. In (Lee et al. 2020), a room ventilation system is considered in which an 
additional window frame with a ventilation function is applied to the existing window. A cavity, which is 
created between window frames, serves as an air path for ventilation. In (Zhanga et al. 2016), the characteristics 
of a translucent structure, which is a triple-glazed window connected with blinds between the panes, are stud-
ied. This window provides the ability to remove air from the room to the environment. It has been shown that 
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such a window can contribute to energy saving and this window structure provide alternative solution for 
recovering the low-grade energy from air-conditioning exhaust air. The results of studies of the energy and 
comfort characteristics of various types of ventilated windows are presented in (Heiselberg et al. 2017). Anal-
ysis of various types of ventilated windows showed that they can be used to reduce the energy demand for 
cooling and/or heating and improve the indoor comfort performance depending on the season. The results of 
an experimental study of the thermal performance of a window system, which consists of doubling an existing 
window and converting it into a ventilated double window, are presented in (Carlos et al. 2010). The air coming 
from outside circulates up the channel between the windows and enters the building through a vent at the top 
of the window frame. This window system has been found to act as an efficient heat exchanger, using heat loss 
and solar radiation to preheat ventilation air, thereby reducing the building's operating energy costs. In (Basok 
et al. 2023) the numerical modelling is performed to study the characteristics of heat transfer through a system 
of two double-chamber windows. The distributions of temperature and airflow velocity due to natural convec-
tion in the chambers of double-chamber windows and the space between the windows are analyzed. The pur-
pose of this study is to examine the effect of air supply from the room through the gap between two double-
chamber windows on the temperature state of this system and the level of heat loss from the room to the 
environment. 

2. Statement of the Problem 

The numerical modeling method is used for the research. We are considering a system of two double-chamber 
glass units located in one window opening parallel to each other. The distance between the inner surface of the 
outer glass unit and the outer surface of the inner glass unit is Δ = 32 mm. Each glass unit has dimensions of 
height H = 0.72 m; width L = 0.94 m; thickness 0.032 m. Double-chamber windows consist of three glasses with 
a thickness of δg = 4 mm and two air layers δa = 10 mm. Glass surfaces do not have low-emission coatings. 
Radiation coefficients of all surfaces ε = 0.89. Thermal conductivity of glass λg = 0.74 W/(mꞏK). Numerical 
studies are performed under boundary conditions of the first kind: the temperature on the outer surface of the 
outer double-chamber window, which is in contact with the environment, is equal to tout = -5.0°С, and the tem-
perature of the inner surface of the inner double-chamber window is tin = +15.0°С. The problem is solved in 
a two-dimensional setting in a vertical section of the window structure, which is perpendicular to the glass 
surfaces and passes through the middle of the double-chamber window. The mathematical formulation of the 
problem of hydrodynamics and heat transfer, as well as the method for numerical solution of the system of 
transport equations are the same as in (Basok et al. 2023c). The geometry of these windows and the boundary 
conditions on the outer surface of the outer window and the inner surface of the inner window are the same as 
in the case considered in (Basok et al. 2023a) under the condition Δ = 32 mm. But if in (Basok et al. 2023c) 
the lower and upper horizontal cross-sections of the gap between the glass units were impermeable (the air 
velocity was equal to zero) and the boundary conditions on these cross-sections corresponded to the thermal 
insulation conditions, then in this case the velocity of air supply from the room is U > 0 and its temperature 
were set on the lower horizontal cross-section of the gap between the windows tin = +15.0°С, which corre-
sponded to the temperature of the inner surface of the inner glass unit facing the room. Air was removed from 
the upper section of the gap between the windows. There, the pressure corresponding to the pressure in the 
room at the height at which the upper section of the gap is located was set. For the energy equation, the bound-
ary condition on this section was set in the form of a zero value of the temperature derivative along the vertical 
coordinate. The cases of U = 0.1 m/s and U = 0.2 m/s were studied.  

3. Numerical Simulation Results 

Obtained as a result of solving the problem of the velocity and temperature fields in the vertical sections of 
the system of two double-chamber glass units for the case of no air supply in the gap between the glass units, 
as well as for the cases of air supply with velocities U = 0.1 m/s and U = 0.2 m/s, presented in Figure 1. 
Comparing the data shown in Figure 1a, which refers to the case of no air supply to the gap, with the data 
shown in Figures 1b and 1c, it can be seen that when air is supplied to the gap between the glass units, the 
temperature and velocity distributions in this gap change significantly. If the results presented in Figure 1a 
fully correspond to the flow pattern characteristic of natural convection (rising-falling flow), then in the case 
of the supply velocity U = 0.1 m/s (Fig. 1b) the influence of forced convection is clearly visible, i.e. observed 
mixed free-forced air movement in the gap. The flow near the inlet cross-section in the gap resembles the flow 
in the core of the jet, or in the initial section of the channel. Further along the height of the channel, the rising-
falling character of the flow begins to prevail, which is more consistent with free convection in a closed space. 
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The forced flow regime has an even more significant effect on the pattern of the velocity and temperature 
fields at the air supply velocity U = 0.2 m/s (Fig. 1c). In this figure, the flow pattern corresponds even more to 
the flow in the initial section of the channel. The influence of natural convection in this case is already less 
noticeable. Its effect is observed only near the inner surface of the outer glass unit, where, due to natural 
convection, the downward movement of air occurs, and as a result of forced convection, there is a rising move-
ment. Near the outer surface of the inner glass unit, the directions of natural and forced flow coincide. 

 

  

 
       а)                                                                      b)                                                                         c) 

Fig. 1. Temperature field (°C) and directions of gas medium velocity in the vertical section of a system of two double-
chamber glass windows, the distance between which is 32 mm: a – without air supply between the double-chamber 
windows; b – air supply velocity U = 0.1 m/s; c – air supply velocity U = 0.2 m/s 

 
The distribution of the vertical velocity of the gas medium in the transparent structure under consideration 

along the horizontal is shown in Figure 2. Curve 1 corresponds to the case of no air supply in the gap between 
the glass units, curve 2 refers to the case when the air supply velocity is U = 0.1 m/s, and curve 3 corresponds 
to the air supply velocity U = 0.2 m/s. From the results of the calculation of the vertical velocity in chambers, 
it follows that in the absence of air supply to the gap between the glass units, the maximum velocity of natural 
convection in the chamber of the outer glass unit (in the outer chamber, Figure 2a) is ν = 0.0098 m/s. At the 
air supply velocity U = 0.1 m/s, the maximum velocity is ν = 0.0135 m/s, which is greater than in the case of 
no air supply. At the air supply velocity U = 0.2 m/s, the maximum velocity turns out to be even higher and is 
equal to ν = 0.0140 m/s. Air velocities in the inner chambers of the outer glass unit will in all cases be lower 
than in the outer chamber of the outer glass unit. 

In the outer chamber of the inner glass unit, the maximum velocity of natural convection in the absence of 
air supply is ν = 0.00794 m/s (Fig. 2b). At the supply velocity U = 0.1 m/s, the maximum velocity in the outer 
chamber of the inner glass unit is ν = 0.00416 m/s, which is less than in the case of no air supply. At the supply 
velocity U = 0.2 m/s, the maximum velocity is even lower and is equal to ν = 0.00347 m/s. Air velocities will 
in all cases be slightly lower in the inner chambers of the inner glass unit than in the outer chambers of the 
inner glass unit. Therefore, the supply of air with room temperature to the gap between the double-chamber 
windows helps to increase the maximum velocities in the chambers of the outer double-chamber window and 
to reduce the air velocities in the chambers of the inner double-chamber window. 

From the distribution of vertical velocities in the gap between the glass units (Fig. 2c), it can be seen that 
in the absence of air supply, the free-convection flow in the gap has a rising-falling character. The maximum 
values of the velocity of the rising-falling flow are equal to νmax = 0.0685 m/s and νmin = -0.071 m/s, respec-
tively. When the velocity of air supply to the gap between the glass units is U = 0.1 m/s, the maximum velocity 
of the flow directed upwards is equal to νmax = 0.268 m/s, and the velocity of the reverse flow near the inner 
surface of the outer glass unit is νmin = -0.085 m/s. This distribution of velocity across the width of the channel 
is similar to the distribution characteristic of mixed convection (natural and forced). As already mentioned, at 
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the air supply velocity U = 0.2 m/s, the downward flow takes place only in a small section of the channel near 
the inner surface of the outer glass unit and its velocity is equal to νmin = -0.0054 m/s. On the greater part of 
the space between the glass units, the air flow is similar to the forced flow in a flat channel. The maximum 
velocity of the updraft is νmax = 0.334 m/s. 

 

  
                                       a)                                                     b) 

 
c) 

Fig. 2. Distribution of vertical velocity across the thickness of the double-chamber glass unit system: a – outer glass 
unit; b – inner glass unit; c – gap between the glass units; 1 – without air supply between the double-chamber windows; 
2 – air supply velocity U = 0.1 m/s; 3 – air supply velocity U = 0.2 m/s 

 
The temperature distributions across the thickness of the outer and inner double-chamber glass units at 

different velocities of air supply to the gap between the double-chamber glass units are shown in Figure 3. It 
can be seen from this figure that the temperature distributions across the thickness of the gas layers in the 
chambers of the windows are close to linear. The temperature distributions along the glass thickness are also 
linear. It can also be seen from these figures that in the case of air supply in the gap between the glass units, 
the temperature difference between the surfaces of the outer glass unit becomes greater than in the case of no 
air supply. In the inner double-chamber window, the opposite is true. In the absence of air supply to the gap, 
the temperature difference between the surfaces of the inner glass unit is greater than in the case of air supply. 
This tendency becomes more significant when the air supply velocity increases. 

The decrease in the temperature difference between the surfaces of the inner glass (Fig. 3b) unit and the 
increase in the temperature difference between the surfaces of the outer glass unit (Fig. 3a) is explained by the 
fact that the temperature of the air supplied to the gap between the two glass units is equal to a temperature of 
the inner surface of the inner glass unit. In these conditions, the difference between the air temperature in the 
space between the double-chamber windows and the inner surface of the inner double-chamber window is 
significantly reduced. At the same time, the outer surface of the inner glass unit transfer heat by radiation to 
the inner surface of the outer glass unit and due to this becomes colder than the air in the gap. Therefore, the 
outer surface of the inner glass unit does not give off, but receives heat by convection and heat conduction 
from the air in the gap. That is, heat is not transferred from the outer surface of the inner glass unit to the air 
in gap by convection, but heat coming from the air in the gap is absorbed by this surface. 
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                                                                                          а)  

 
                                  b)                                                                     c) 

Fig. 3. Temperature distribution across the thickness of the system of two double-chamber windows: a – outer glass 
unit; b – inner glass unit; c – gap between the glass units; 1 – without air supply between the double-chamber glass 
units; 2 – air supply velocity U = 0.1 m/s; 3 – air supply velocity U = 0.2 m/s 

 
When air is supplied to the gap between the glass units, the temperature distributions across the width of 

the gap have maxima (curves 2 and 3 in Figure 3c). At U = 0.1 m/s, the maximum on the distribution curve of 
the temperature in the middle part of this interval is 12.56°С, and at U = 0.2 m/s this maximum is 14.47°С. 
Therefore, heat fluxes by convection and conduction are directed from the air flow to the sides of the opposite 
surfaces of the channel, which is created by the inner surface of the outer glass unit and the outer surface of 
the inner glass unit. But at the same time, the temperature of the outer surface of the inner double-chamber 
glass unit is higher than the temperature of the inner surface of the outer double-chamber glass unit. Therefore, 
radiation heat transfer takes place between them. Due to the fact that air is supplied to the space between the 
double-chamber windows, the temperature of which is close to the temperature inside the room, the inner 
double-chamber window practically does not participate in heat transfer, and almost all heat transfer by con-
vection takes place between the air in the gap and the inner surface of the outer double-chamber window. 
Therefore, the temperature difference between the surfaces of the outer glass unit increases significantly when 
warm air is supplied to the gap between the glass units. 

The distribution of heat fluxes on the outer and inner surfaces of the double-chamber glass units under 
consideration is presented in Figure 4. 

A comparison of the heat flux distributions on the inner and outer surfaces of two double-chamber glass 
units shows that in the absence of air supply between them, the heat fluxes on the outer and inner surfaces of 
the outer double-chamber window increase with the increase of the vertical coordinate y (curves 1 and 2 in 
Figure 4a). On the outer and inner surfaces of the inner glass unit, heat fluxes decrease with an increase in the 
vertical coordinate y. In this case, in the lower part of the double-chamber glass unit, heat fluxes are smaller 
on the surfaces of the outer double-chamber window. In the upper part of the double-chamber window system, 
the opposite is true: on the surfaces of the outer glass unit, heat fluxes are greater than on the surfaces of the 
inner glass unit. The integrals of the heat fluxes on all surfaces are the same. The total heat flux transferred 
under these conditions through a system of two double-chamber glass units is equal to Qwin = 16.05 W. The 
heat transfer resistance of the outer double-chamber window is Rout = 0.337 m2K/W, and of the inner window 
is Rin = 0.314 m2K/W. In the case of air supply into the gap between the glass units at velocity U = 0.1 m/s, 
the heat fluxes on the surfaces of the outer glass unit change insignificantly with the height y. The heat fluxes 
on the outer and inner surfaces of the outer glass unit differ most significantly in the lower part of the glass unit 
(y < 0.04 m), where the heat fluxes on the inner surface of the outer glass unit (curve 2 in Figure 4b) significantly 
exaggerate the heat fluxes on the outer surface (curve 1 in Figure 4b). The heat fluxes on the inner and outer 
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surfaces of the inner glass unit are almost the same except for the lowermost and uppermost parts of the glass 
unit. As the height y increases, the heat fluxes on the surfaces of the inner glass unit increase. At U = 0.2 m/s, 
the nature of the change in heat flux on the surfaces of the inner and outer glass units is almost the same as at 
U = 0.1 m/s. The difference is that in the middle parts of the surfaces, the heat fluxes on the inner and outer 
surfaces of the same glass unit differ even less. At the same time, for the outer double-chamber glass unit, the 
heat fluxes on the surfaces decrease with the height y, and for the inner double-chamber glass unit, they in-
crease with the height y. The main difference between the cases of no air supply to the gap between the glass 
units and the presence of warm air supply from the room to this gap is that in the case of warm air supply, the 
heat fluxes are significantly less on the surfaces of the inner glass unit than on the surfaces of the outer glass 
unit. This is explained by the fact that when air with room temperature is supplied to the gap between the double-
chamber windows, the inner and outer surfaces of the inner double-chamber window are in approximately the 
same temperature conditions. Therefore, heat fluxes on these surfaces are smaller than in the case when warm air 
is not supply. At the same time, the radiation heat flux transfers from the outer surface of the inner glass unit to 
the colder inner surface of the outer glass unit. Also heat flux transfers from the warm air flowing in the gap 
between the glass units, to the outer surface of the inner glass unit, which is colder than the air. 

 

  
a)                                                                 b) 

 
c) 

Fig. 4. Distribution of heat flows on the outer (1) and inner (2) surfaces of the outer double-chamber glass unit and on the 
inner (3) and outer (4) surfaces of the inner double-chamber glass unit: a – without air supply between the glass units;  
b – air supply velocity U = 0.1 m/s; c – air supply velocity U = 0.2 m/s 

 
On the surfaces of the outer glass unit, heat fluxes are greater in the case of warm air supply in the gap than 

in the case of no air supply. If in the case of no air supply in the gap, its temperature in the gap is lower than 
the temperature in the room and higher than the ambient temperature, then in the case of air supply, the tem-
perature in the gap is almost equal to the temperature in the room (only slightly lower). A higher temperature 
difference between the air in the gap and the air in the environment causes significantly greater heat fluxes 
through the outer glass unit than in the case of no air supply. 

The results of the calculations of heat transfer characteristics through a system of two double-chambers 
glass units when air is supplied from the room at a velocity of U = 0.1 m/s into the space between them show 
that in the outer chamber of the outer glass unit, the radiation heat flux exceeds the convection flux. In total, 
they make 21.54 W. An even higher radiation heat flux is found in the inner chamber of the outer glass unit, 
where the temperature of the surfaces is higher than in the outer chamber of this unit. The total heat transfer 
resistance of the outer glass unit is Rout = 0.337 m2∙K/W. 

In the outer chamber of the inner glass unit, the radiation flux also exceeds the conductive-convective flux. 
In the inner chamber of the inner glass unit, the radiation flux is slightly higher than in outer chamber. The total 
heat flux through the inner glass unit is 8.16 W. Its total heat transfer resistance is Rin = 0.311 m2∙K/W. In the 
gap between the double-chamber glass units, into which air is supplied from the room, the heat transfer condi-
tions are different than in the chambers of glass units. The radiation heat flux transferred from the hotter outer 
surface of the inner glass unit to the colder inner surface of the outer glass unit is equal to 13.99 W. On the 
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outer surface of the inner glass unit, the integral conductive-convection flux is negative and equal to -5.83 W. 
That is, heat does not transfer from the outer surface of the inner glass unit to the air in the gap, but on the 
contrary, from the air to the surface. On the inner surface of the outer glass unit, the conductive-convection 
flux is positive and equal to +7.55 W. 

It follows from this that the total heat flux consisting of radiation and conductive-convection fluxes on the 
inner surface of the outer glass unit is equal to Qout = 13.99 W +7.55 W = 21.54 W, and on the outer surface of 
the inner glass unit it is much smaller and equal to Qin = 13.99 W - 5.83 W = 8.16 W. Therefore, the amount of 
heat entering the gap between the glass units from the room through the inner glass unit is much smaller than 
the amount of heat that is removed from the gap to the environment through the outer glass unit. The difference 
between the heat flux that is removed through the outer glass unit to the environment and the heat flux that is 
removed from the room into the gap between the glass units through the inner glass unit is equal to the differ-
ence between the convection heat flux that enters the space between the glass units and the convection heat 
flux that leaves the space between the glass units and transfer in the environment. The convection flux leaving 
the gap will be less than the convection flux entering the gap due to the cooling of the air flow in the gap. This 
difference in convection fluxes is 21.54 W - 8.16 W = 13.38 W. A similar trend is also observed for the case 
of air supply into the gap with a velocity of U = 0.2 m/s. But in this case, the difference between the heat flux 
leaving the room through the inner glass unit into the gap between the glass units, and the heat flux leaving the 
gap into the environment through the outer glass unit will be even greater and will amount to 17.99 W. At the 
same time, the heat flux leaving the room into the gap is equal to 6.40 W, i.e. less than at U = 0.1 m/s, and the 
heat flux leaving the gap into the environment through the external glass unit is 24.39 W, i.e. more than at  
U = 0.1 m/s. The heat transfer resistance of the outer window is Rout = 0.335 m2∙K/W, and of the inner window 
is Rin = 0.310 m2∙K/W. Therefore, both in the case of the presence of air supply, and in the case of the absence 
of this supply, the heat transfer resistances of the external and internal double- chamber glass units practically 
do not change depending on the presence or absence of air supply. 

To establish the expediency from the point of view of energy saving of the method of removing air from 
the room during the ventilation process, two options for this removal are compared. In the first variant, with 
which a comparison is made, the ventilation air, which has a temperature of tent = tin = 15°C (the same as the 
inner surface of the inner glass unit) is removed directly to the environment. In this case, air from the room is 
not supplied to the gap between two double-chamber windows. It is assumed that the air is removed from the 
room to the environment through a special slit channel with dimensions L×Δ = 0.94 m × 0.032 m at a velocity 
of U = 0.1 m/s. This channel size, air flow rate, and its temperature correspond to the geometric dimensions of 
the space between the glass units, the air supply velocity, and the temperature of the air supplied to the space 
between the glass units. As already mentioned, under given conditions the heat flux removed through the 
system of two double-chamber glass units into the environment is equal to Qwin,1 = 16.05 W. Together with the 
removal of ventilation air from the room, which has a temperature of tent = 15°C, air from environment enters 
the room through another slit channel of the same geometric dimensions and at the same velocity as the air 
that is removed. The temperature of the air entering the room from the environment is tout = -5.0°C, which is 
the same as the temperature on the outer surface of the outer glass unit. In 1 second, the heat that is removed 
together with the ventilation air is equal to 

 outinapaout ttCGQ  ,1, , (1) 

where G = L ∙  ∙ a ∙ U is the mass flow of ventilation air. For the conditions under consideration, Gа = 0.003625 
kg/s, and the energy loss from the room in 1 second will be Qout,1 = 72.85 W. Together with the dissipative heat 
loss Qwin,1, which is removed through the double-glazed system to the environment, the total heat loss from the 
room is: 

1,1,1, winoutsum QQQ  . (2) 

In the case of U = 0.1 m/s, this value will be equal to Qsum,1 = 72.85 W +16.05 W = 88.9 W. 
In the case when the ventilation air is removed from the room to the environment through the gap between 

the double-chamber windows, the heat loss from the room will consist of dissipative losses through the external 
double-chamber window Qwin,2, out and heat losses Qex,2 with the ventilation air that first passes through the gap 
between the double-chamber windows: 

outapaexapaex tCGtCGQ  ,,2, . (3) 
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Equation (3), unlike equation (1), instead of the temperature inside the room tin, contains the average tem-
perature of the air at the exit from the gap between the glass units tex, which will be less than the temperature 
of the room tin. To determine the value exapa tCG  , , you can use the heat balance equation for the gap between 

the glass units. This equation is formed under the following conditions. The heat entering the gap consists of 
the heat coming from the side of the inner glass unit inwinQ 2,,  and the heat entering the gap with ventilation air 

from the room inapa tCG  , . The heat removed from the gap between the double-chamber windows consists of 

the heat transferred to the environment through the external double-chamber window outwinQ 2,,  and the heat 

removed from the room through the gap between the double-chamber windows with ventilation air 

exapa tCG  , . For stationary conditions, the heat balance equation for the gap has the form: 

outwinexapainwininapa QtCGQtCG 2,,,2,,,  . 

From this equation it follows that 

outwininwininapaexapa QQtCGtCG 2,,2,,,,    (4) 

Expression (4) is substituted into equation (3): 

  outwininwinoutinapa

outapaoutwininwininapaex

QQttCG

tCGQQtCGQ

2,,2,,,

,2,,2,,,2,




.  (5) 

This expression (5) indicates heat loss together with the ventilation air passing through the gap between the 
glass units. Together with the heat losses through the outer glass unit to the environment, the total heat losses 
are described by the expression: 

2,2,,2, exoutwinsum QQQ  , 

or taking into account the expression (5): 

 
  inwinoutinapa

outwininwinoutinapaoutwinsum

QttCG

QQttCGQQ

2,,,

2,,2,,,2,,2,




  (6) 

From the expression (6) for total heat loss from the room it follows that for the case when ventilation air is 
supplied to the gap between the glass units this expression does not directly contain the amount of heat trans-
ferred to the environment through the outer window, but only the amount of heat, which is transferred through 
the inner glass unit into the gap between the double-chamber glass units. Therefore, thermal energy losses in 
the case when there is no supply of ventilation air in the gap between the glass units, and it is removed with 
a temperature of tin directly into the environment, is described by the expression (2). And heat loss, when 
ventilation air is supplied to the space between the glass units, is described by the expression (6). To find the 
difference between the heat loss from the room (without taking into account other heat losses, in particular the 
dissipative heat loss through the walls) for the case where the ventilation air is directly removed from the room 
to the environment, and the heat loss for the case when the ventilation air is first passed through the gap be-
tween the glass units and then already is removed into the environment, it is necessary to subtract the value 
Qsum,2 (6) from the value Qsum,1 (2): 

 
  inwinwininwinoutinapa

winoutinapasumsum

QQQttCG

QttCGQQQ

2,,1,2,,,

1,,2,1,




  (7) 

Expression (7) does not contain expressions for the amount of heat transferred by the ventilation air, but 
only contains the amount of heat loss through the system of double-chamber windows for the case when air is 
not supplied to the gap, and the amount of heat loss through the inner double-chamber window to the gap 
between the double-chamber windows in the case when the ventilation air is supplied into this gap. 

From the obtained results it follows that for the conditions under consideration, if air is not supplied to the 
gap, Qwin,1 = 16.05 W. In the case when the velocity of air supply to the gap is U = 0.1 m/s, Qwin,2,in = 8.16 W. 
In this case, the difference between heat losses from the room is ΔQ = 16.05 W - 8.16 W = 7.89 W. In the 
same case, when the velocity of air supply to the gap is U = 0.2 m/s, Qwin,2,in = 6.40 W. In this case, the 
difference between heat losses from the room is ΔQ = 16.05 W - 6.40 W = 9.65 W. 
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From the given results, it follows that with an increase in the velocity of ventilation air supply to the gap 
between the glass units, the difference between the heat loss from the room during the direct removal of the 
ventilation air to the environment and the heat loss during the preliminary supply of ventilation air to the gap 
between the glass units before its removal to the environment increases. 

4. Conclusions 

In the presence of room ventilation, when the ventilation air is supplied directly from the environment, and 
the exhaust air is removed from the room directly to the environment, the total heat loss from the room will 
consist of dissipative losses through enclosing structures, in particular through windows, and losses with air 
that has room temperature. In the case when the used ventilation air is passed between two double-chamber 
windows before being removed to the environment, the total heat losses will be lower than in the case when 
the ventilation air is directly removed to the environment. Heat savings in this case will be equal to the differ-
ence between the amount of heat removed through the double-chamber window without air supply into the 
gap, and the total amount of heat (convection and radiation) removed from the room through the inner glass 
unit into the gap between the glass units. 

With an increase in the velocity of ventilation air supply to the gap between the glass units, the difference 
between the heat loss from the room during the direct removal of ventilation air to the environment and the 
heat loss during the preliminary supply of ventilation air to the gap between the glass units before its removal 
to the environment increases. 
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