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.1.        . 

  :  –    ,    
     ,     . 

Fig.1. Isometric view of interior space investigated cottage-type home. 
 Symbols:  – trajectory of the movement of air masses entering the house through windows 

and outside doors, and removed by the forced ventilation system. 
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.2.          . 

  :  
 ti –    ;  
 i –     ;  
  –      ,    

     ,     ; 
  –         

 ; 
 –   ; 
 –   ( ) . 
Fig.2. The plan of the researched house and the discrete model of heat transfer in it. 
 Symbols:  
 ti – indoor air temperature designation;  
 i – designation of the temperature of the internal surfaces of walls;  
  – resistance to heat transfer when moving air masses entering the house 

through windows and outside doors, and removed by the forced ventilation system; 
  – resistance to transmission heat transfer through internal walls and external 

enclosing structures; 
 – resistance to convective heat transfer; 
 – resistance to radiation heat transfer. 
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a 

 

b 

 
  

.3.    i,j    : 
a –   ; b –   . 

  :  
 –    ; 
 –    . 
Fig.3. Determination of correction coefficients i,j for external enclosing structures: a – for external walls; 

b – for cover plates. 
 Symbols:  
 – external surfaces of enclosing structures; 
 – internal surfaces of enclosing structures. 

 
,    

   ,  
   -

  : 
 

/
,

/
, jiiji RFK . (19) 

    -
      -

   R//
i,j,  -

   F//
i, (   

 ), ,   -
,     -

_______________________________________________________________________________________

_______________________________________________________________________________________

    . 2018.  11.

ISSN 2310-0516 (Print) 13



     
   -

   (  -
  F/

i     -
 R/

i,j,    -
 (16))       

      
 . 
     

   1 2 -
    

:  
 

ji
i

ijiiji
ji F

FRFR
R ,

////
,

//
,

, ,  (20) 

 
///

iii FFF . (21) 
 

,    

  /    -
  : 

 

jiiji RFK ,, . (22) 
 

       
     

      
   (  -

,    
),    -
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. 1.         
Table 1. Physical parameters of the model and results of calculations of the direct problem 

 

    
1 2 3 4 5

 
 

 -
 

Q1,  800 900 1000 1100 1200
Q2,  500 600 700 800 900
Q3,  200 300 400 500 600

 -
, -

  -
 

lM,  0.4
lINS,  0.1

M, /( · ) 0.08 
INS, /( · ) 0.032 

C0, /( 2· 4) 5.77
,    

 0.5 

b, K3 1.01
c, /( · ) 0.281667

, / 3 1.2255
Kj, /( 2· )   [4] 

i,j,    
 

 .  
  [5] ( .   . 1.11 – 1.13) 

  
 -

 -
   

 

R// = R//
5,26 = 

R//
6,28 = R//

13,31 = 
R//

18,32, 2· /  
1.3 

 -
  

  -
 

t20, C 18 20 22 24 26 

 -
   

 

tEXT = t21 = t22 =
t23 = t24 = t25 = 
t26 = t27 = t28 = 
t29 = t30 = t31 = 

t32 = t33 = t34, C

0 – 5 – 10 – 15 – 20 

 
 

 
  -

 

t1, C 23.494 22.809 22.123 21.438 20.752
t2, C 22.374 22.822 23.27 23.718 24.165
t3, C 20.529 22.195 23.861 25.527 27.194

 
 -

  

4, C 23.052 22.289 21.526 20.762 19.999
5, C 23.088 22.338 21.588 20.839 20.089
6, C 22.98 22.207 21.434 20.662 19.889
7, C 23.2 22.515 21.831 21.146 20.461
8, C 23.149 22.526 21.904 21.282 20.659
9, C 23.046 22.278 21.511 20.743 19.975
10, C 22.139 22.588 23.038 23.488 23.938
11, C 22.208 22.576 22.944 23.312 23.68
12, C 21.978 22.329 22.68 23.031 23.382
13, C 21.997 22.354 22.71 23.066 23.423
14, C 21.94 22.282 22.624 22.966 23.308
15, C 20.187 21.724 23.261 24.798 26.335
16, C 20.495 22 23.504 25.009 26.513
17, C 20.461 22.002 23.543 25.083 26.624
18, C 20.179 21.713 23.247 24.781 26.316
19, C 20.088 21.61 23.133 24.656 26.178
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. 2.         
Table 2. Physical parameters of the model and results of calculations of the inverse problem 

 

    
1 2 3 4 5

 
 

 
  -

 

t1, C 21 22 23 22 25 
t2, C 20 21 22 20 25 
t3, C 19 20 21 24 25 

 -
, -

  -
 

lM,  0.4
lINS,  0.1

M, /( · ) 0.08 
INS, /( · ) 0.032 

C0, /( 2· 4) 5.77
,    

 0.5 

b, K3 1.01
c, /( · ) 0.281667

, / 3 1.2255
Kj, /( 2· )   [4] 

i,j,    
 

 .  
  [5] ( .   . 1.11 – 1.13) 

  
 -
 -

  
 -

 

R// = R//
5,26 = 

R//
6,28 = R//

13,31 = 
R//

18,32, 2· /  
1.3 

 -
  

  -
 

t20, C 18 19 20 21 22 

 -
   

 

tEXT = t21 = t22 = 
t23 = t24 = t25 = 
t26 = t27 = t28 = 
t29 = t30 = t31 = 

t32 = t33 = t34, C

0 – 5 – 10 – 15 – 22 

 
 

 -
 

Q1,  711.983 905.616 1099.249 1234.461 1516.794
Q2,  424.628 549.297 673.966 538.708 976.572
Q3,  170.573 227.453 284.334 583.475 532.239

 
 -

  

4, C 20.605 21.493 22.381 21.309 24.123
5, C 20.638 21.537 22.436 21.375 24.207
6, C 20.541 21.412 22.282 21.199 23.985
7, C 20.738 21.675 22.612 21.538 24.505
8, C 20.719 21.664 22.609 21.743 24.568
9, C 20.6 21.485 22.371 21.294 24.104

10, C 19.818 20.773 21.729 19.932 24.652
11, C 19.857 20.806 21.754 19.81 24.595
12, C 19.647 20.542 21.436 19.399 24.17
13, C 19.666 20.565 21.465 19.437 24.213
14, C 19.612 20.495 21.379 19.321 24.088
15, C 18.678 19.573 20.468 23.297 24.178
16, C 18.932 19.882 20.833 23.56 24.61
17, C 18.902 19.852 20.803 23.499 24.613
18, C 18.67 19.563 20.456 23.281 24.159
19, C 18.591 19.462 20.333 23.161 23.989
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Modeling of heat transfer in energy  
efficient building 

Natalja Bolgarova, 
Vitalii Ploskyi, 

Volodymyr Skochko 

Summary. In the process of designing energy-
efficient buildings, special attention needs to be 
paid to the study of the balance of supply and en-
ergy losses. This is explained by the fact that the 
need to provide the house with energy resources 
can become a key issue in determining its total 
area of premises and influence the resulting space-
planning decisions. In addition, it is extremely 
important to be able to accurately estimate the 
energy costs that will take place in the enclosing 
structure and the engineering systems of the future 
house, with a view to minimizing them even at the 
stage of the design work. To solve this problem, it 
is necessary to have a flexible and visual apparatus 
for modeling heat exchange processes and a corre-
sponding mathematical tool base that will allow to 
take into account the influence of operating modes 
of all engineering systems (including heating, ven-
tilation and air conditioning systems) at different 
times of the year, and also to make it possible to 
easily change the initial and boundary conditions 
for calculations, namely: changes in external and 
internal walls, ceilings and coatings, the number 
and location of translucent structures, and also 
possible defect and leakiness of the enclosing 
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structures, as a result of which infiltration process-
es may occur which will affect the multiplicity of 
air exchange of rooms and heat loss of the building 
as a whole. In this paper, we consider a mathemat-
ical apparatus for modeling the stationary tempera-
ture regime of a building based on a complex sys-
tem calculation of temperatures on surfaces and in 
indoor air, taking into account the thermophysical 
parameters of materials of wall structures, win-
dows and doors, heat inputs from the heating sys-
tem and other energy sources, and parameters op-
eration of the ventilation system. 

An example of the construction of a heat bal-
ance system for an energy efficient residential 
cottage type apartment is demonstrated. The prin-
ciples of accounting for all types of heat exchange 
between the surfaces and the air environment of 
the rooms are shown, as well as the predicted de-
creases in resistance to the heat transfer of the en-
closing structures associated with the shape of the 
building. 

Key words. Energy efficiency, system calcula-
tions, heat balance, enclosing structures. 
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