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Abstract. In general, the majority of modern apartment buildings are 
rather high. Altitude of such structures attains 50 meters. It is clear that for 
such high structures every extra meter of elevation costs a lot. For this 
reason, architects are trying to avoid adding attics above the last floor of 
the buildings. However, attic is not only an architectural element. It is an 
important part of the thermal control process of the entire building, 
especially of the apartments located on the last floor. In this article, 
construction of airways under the roof is suggested and discussed in detail. 
Airway acts as an attic, but has a significantly lower construction cost due 
to the lower height. Application of this technology allows providing 
comfortable microclimate on the living quarters in an economical way.  

1 Introduction  
Construction of traditional attic means presence of a big amount of free space for 
communications under the roof. Airway acts as a garret in temperature control field due to 
the working-section equality. Whole area of the attic functions like a heat insulator because 
of the air inside. But by imposing motion to this air and reducing its temperature, similar 
thermal effect can be achieved with garret of lower height.  

The idea of not using attic is not new. Since the beginning of 20th century a lot of new 
buildings avoid additional construction elements like garrets. It gives an economical effect 
but causes some problems, such as icicle formation on the edges of housetop, high moisture 
of the last floor apartments, strong dependence of the temperature inside the flats from 
weather conditions. To avoid these problems, airway can be applicated. Air moving under 
the housetop makes the lowest layer of the roof construction cooler. It prevents snow from 
melting on the roof during the winter.  At the same time, temperature of this air is higher 
than outside, therefore providing more comfortable temperature in the dwelling. During the 
summer, airway prevents excessive heating of the building. 

There are some articles about attic ventilation from all around the world [1-8, 14-17, 26-
29], particularly from Russia [9-13, 18-21, 30]. They are made not only by professionals, 
but also by ordinary private house owners. Comprehensive research work was performed 
by Mark Graham [14, 15]. HVAC-systems and the branches of knowledge connected with 
it are widely explored. Topics are various: from preventing ice damming by different 
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measures [12, 18, 20, 31-32], to economic effects of modern materials and technologies 
usage [21]. The main problem of all those researches is that they do not take into account 
the altitude of the building. For high apartment buildings speed of the wind on the top of 
them is big enough to use it without any fans. Wind speed influence on temperature inside 
the airway is considered in this paper. 

2 Theory or experimental methods  
 The main goal of this article is to estimate the optimal cross section of an airway and 
evaluate its efficiency. The criteria the conclusion is based on is the temperature under the 
roof and over the covering slab of the last floor. Temperature should be high enough to 
provide the sufficient amount of heat to the last floor and low enough to exclude the icicle 
formation on the roof. Optimal temperature is calculated according to the first law of 
thermodynamics. Based on this temperature, the necessary cross section can be estimated 
by using boundary problem solutions. 

3 Research description  
 First of all, optimal height of an attic should be estimated. It can be made, according to the 
governmental standard in Saint-Petersburg [22]. The medium temperature outside during 
the winter is -4.6°C.  Temperature in bedrooms and living rooms is 20°C, according to 
sanitary regulations [23]. Temperature inside the roof space should be at least -1.6°C to 
prevent icicle formation [24]. Using the first law of thermodynamics, the heat balance of 
the garret can be written: 

0 = ����� − ������ − ��		
;                                                          (1)
According to the Newton-Rixman law: 

� = � ∙ ∆�;                                                                         (2)
Where q - heat-flow rate, α- heat-transfer coefficient, ∆Τ- temperature difference. Heat 

flow for all the filler structures is: 

                                                                    �� = �� ∙ (�� − ��)� = � ∙ (�� − ��)�� = �� ∙ (�� − ��) ;                                                      (3)�
Where α� and α� are heat-transfer coefficients of the material inside and outside the 

building, Τ�-inside temperature Τ�=20°C, Τ�–outside temperature Τс=-4.6°C, Τ� and Τ� are 
the walls surface temperatures, λ is a thermal conductivity coefficient, δ is a thickness of 
the walling. Solving given system, the following results have been obtained: 

� = �� − ��1�� + �� + 1��
;                                                                 (4)

Estimate the amount of heat per time by heat-flow rate: 
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� = � ∙ �;                                                                       (5)
Where A is an area of the surface. 

� = �� − ��1�� + �� + 1��
∙ �;                                                             (6)

Similar equations for all the filling structures are written below: 

����� = 2 ��!!"� − ��1�� + ���������� + 1��
∙ # ∙ ℎ;                                                        (7)

����� = �� − ��!!"�1�� + ������������ + �%�����%���� + 1��
∙ # ∙ &;                                                     (8)

��		
 = ��!!"� − ��1�� + ��		
��		
 + 1��
∙ # ∙ &.                                                     (9)

Put equations Eq.7 – Eq.9 into Eq.1: 

�� − ��!!"�1�� + ������������ + �%�����%���� + 1��
∙ # ∙ & = ��!!"� − ��1�� + ��		
��		
 + 1��

∙ # ∙ & + 2 ��!!"� − ��1�� + ���������� + 1��
∙ # ∙ ℎ.  (10)

 
All the parameters of the walls, the slab and the roof are supposed to be typical for 

residential buildings: α� = 23 '*,∙К , α� = 8.7 '*,∙К, δ�:<>? = δ@><<: = 0.2m; the walls and 

the slab are made from reinforced concrete: λ@><<: = λ�:<>? = 2.04 '*,∙К, the slab is also 

winterized by a mineral wool insulation: δ%:<>? = 0.15m, λ%:<>? = 0.048 '*,∙К, the roof 

itself is made from the mineral wool insulation: δABBC = 0.15m, λABBC = 0.048 '*,∙К. Only 
meaning layers are taken into account. The attic section dimensions are: l=20m, a=10m. 
According to those data, h can be determined.  

After the calculations, it is achieved that h = 2.1m is enough to prevent the icicle 
formation on the housetop of a typical building. It is an ordinary height of the attic, but it 
seems that to achieve this result it is necessary to use a large amount of heater both on the 
roof and the slab. Another option is to provide a natural ventilation for the under-roof 
space. It can be achieved by using the airways. 

Mean wind speed on the top of the building is governed by governmental regulations. 
Regulatory wind speed, according to geographic position, is 27m/sec. Coefficient of 
correction is equal to 1 because of the type of the region and the height of the building. 

Pressure losses take place on entrance, exit and along the airway.  

∆D = ∆D"E + ∆D	F! + ∆D
�;                                                          (11)
∆D = G"E ∙ H ∙ IJ%2 + G	F! ∙ H ∙ I"E%2 + � KL ∙ H ∙ I"E%2 = H ∙ (IJ − I"E)2 % ;                    (12)
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G"E = 1 − M"EM	F!2 , G	F! = N1 − M"EM	F!O% ,                                              (13)
Since PQRPSTU→0, then G"E = 0.5 and G	F! = 1. 

 � = 0.11 ∙ (∆VW)�.%X = 0.11 ∙ NY ∙ D4 ∙ �O�.%X =  0.11 ∙ N 0.002 ∙ 24 ∙ 0.3 ∙ 0.3O�.%X = 0.036;  (14)
D� = ∆D.                                                                         (15)

27%2 = 12 ∙ 27%2 + I"E%2 + 0.036 ∙ 200.5 ∙ I"E%2 ;                                   (16)
vZ[ = 12.2 m/sec.

As soon as wind speed inside the airway is known, it is possible to determinate the 
cooling effect of an air circulation under the roof. 

Energy conservation law, according to the heat power looks like: 

H ∙ I"E ∙ � ∙ ]^ ∙ L_ = � ∙ (_� − _) ∙ L�,                                    (17)
On the Fig.1 cross section of the attic is shown. Calculations are made on the plate 

along the wind direction under the housetop. It is supposed that parameters of the roof 
space are constant in width, so the plane problem can be estimated.   

Fig. 1. Attic cross section.

Where A is the cross section of an attic, ca is the transfer characteristic. 

L�� = b ∙  Ld,                                                           (18)
Where χ is the coordinate increment in horizontal surface. 

H ∙ I"E ∙ � ∙ ]^ ∙ L_ = � ∙ (_� − _) ∙ b ∙  Ld;                                     (19)
L_Ld = � ∙ bH ∙ I"E ∙ ]^ ∙ (_� − _).                                            (20)
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Add new quantities: Stanton number and hydraulic radius. 

Mg = �H ∙ I"E ∙ ]^  and kl = �b  .                                            (21)
Put them into the original equation Eq.1: 

L_Ld = Mg ∙ (_� − _)ko ;                                                             (22)
Numerical value of them can be estimated: 

ko = ℎ%4 ∙ ℎ = ℎ4 = 0.34 = 7.5 ∙ 10 p%,                                                 (23)
Mg = �H ∙ ]^ ∙ I"E = 15.851,293 ∙ 1000 ∙ 12.2 = 1 ∙ 10 pr.                                 (24)

Make the original equation suitable for integration: 

L_(_� − _) = Mgko  ∙ Ld.                                                        (25)
Integrate Eq.20 all along the airway: 

−#t(_� − _) = Mgko  ∙ d + ];                                                       (26)
If x=0, then:

−#t(_� − _�) = с;                                                        (27)
#t(_� − _) = #t(_� − _�) − Mgko  ∙ d.                                             (28)

Exponentiate the equation to segregate the decision variable. 

_� − _ = u P!wx ∙yp�E(z{pz|);                                                        (29)
_ = 20 + 2.73 �∙�� }~�.X∙�� }, ∙��p�E(%���.�) = −1.53℃.                              (30)

The estimated temperature under the roof is -1.53°C. It means that the icicle formation on 
the housetop will be prevented.  

4 Results
Calculations show that the effect from the airway with the cross section 0.3x0.3 meter is 
equal to effect of the attic construction with height of 2.1 meter. It is clear that the cost of 
airway is less than the cost of attic. Saving time and finances during the construction phase 
is the foreground task for every building project. The airways are easy-making and their 
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effect is proved. It makes the application of such kind of construction optimal. Only 
rectangular attic has been considered. According to other researches, it is possible to 
produce calculations for all types of roof. In [3] triangular roof is considered and air 
behavior within the roof is described. Combination with other methods of energy-saving 
can improve the effect from suggested measures. Some of them are offered in [24]. 
Generally, the result is highly corresponded with other researches data. Close result was 
achieved by W. Tobiasson, J. Buska, A. Greatorex [9]. They came to conclusion that icings 
can be avoided by maintaining an attic temperature of −1 °C when the outside temperature 
is −5.5 °C.

5 Conclusions
The present article has shown the possibility of airway application as a method to 

prevent the icicle formation on the roof of the apartment buildings during the winter. 
Evidently, that only the most general case has been considered. For every particular 
building the calculations should be performed independently.  
There are a few factors which significantly increase the overall value of the described 
method. First of all, implementation of airways can potentially bring tangible monetary 
benefits due to the fact that this technology is much cheaper than attic construction. 
Additionally, airways are much easier to plan, design and implement than adding fans and 
other ventilation systems to a particular building. Finally, airways can be designed, 
measured and integrated into most of the buildings. Notably, considering the relatively low 
cost of airways and the overall simplicity of their design and integration, the method 
described in this article can potentially be found beneficial by construction industry 
workers. 
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