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CONTENT
• The main problems of energy consumption of buildings.
• The development of mathematical models

1) Exploring the joint influence of solar and thermal
radiation on the level of space heating based on software
environment MathCAD.
2) Exploring the intermittent heating based on software
environment EnergyPlus.
• Simulation and analysis of various models in the software
environments.
• Prediction the change of the internal temperature.
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How we lose the thermal energy

Losses through heating systems

Losses through the building structure
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How we can save the energy

Insulation of external walls

Pipe insulation

Insulation of attic flooring

Replacement of windows
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Low-cost and effective solution - regulation of
heating system
The decision on the rational using of energy resources
in the conditions of increasing the tariffs and their further
growth gained national importance. For Ukraine, this is a
strategic issue, because the energy supply from the outside

reaches 70-80%. Public and residential buildings are among
the largest consumers of energy in Ukraine. Almost 90% of
the buildings don’t meet current energy demands.
Thus, Ukraine needs forced reducing of irrational using
of energy resources.
Energy reduction potential is well-known for a
Heat consumption at night

stationary regime when the temperature decreasing about

1˚C can reduce heat losses on 2 - 5%.
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Mathematical modeling is one of the main
modern researching methods
In-depth analysis of the thermal state of the premises are mathematical

models based on the using of knowledge about physical characteristics of the
building. In general, to determine VM Glushkov, a mathematical model - a set of
symbolic mathematical objects and relations between them. By MM Amosov, a

mathematical model - a system that reflects the other system.
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Joint influence of solar and thermal radiation on the level
of space heating based on software environment

MathCAD
Initial data. Room size 5

5 m and a height of 4 m. It is

assumed that the room has one exterior wall and window (Fexwind =
6.5 m2). Three options for heat conduction resistance of walls and
window were considered:
R exwall= {0.8, 1.2, 1.6} m2 ·K / W

Rwind = {0.2, 0.5, 0.8} m2 ·K / W
Was compared the results of calculations for the two models including the thermal radiation of structures and without.
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On the inside air temperature actually walling radiation has almost no effect, but
taking into account the self-radiation the surface temperature of the enclosing structures

varies around 1 C - window and 0,5 C - wall.

Rexwall=0,8 m2 С/W, Rwind=0,5 m2 С/W

Changing the internal air temperature and external walling, depending on the intensity
of solar heat gain
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By increasing the thermal resistance intrinsic emission of interior walls effects
on heat losses less.

Heat changing of the exterior wall depending on the intensity of solar heat gain
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 a)

a)

b)

Heating level for different levels of solar heat supply depending on the resistance of the
window (a) and the exterior wall (b)
Accounting the solar heat gain significantly changes the heating level - at 50

W/m2 heating level is reduced more than 40%, at 35 W/m2 - more than 15% for given
values of thermal resistance of external structure. Consideration of the thermal radiation of
internal walls reduces the calculated value of the heating level on 5%.
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Modeling of intermittent heating premises
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Weather conditions were chosen for the month of February, on a typical

international data IWEC (International Weather for Energy Calculations) for the
city of Kiev, by the nature of the change in temperature is close to the average
temperature during the heating period.
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The outside temperature (a) and the amount of solar radiation (b), falls on the
surface of the window
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Simulation of intermittent heating of the existing
condition of the premises
The inside temperature, С
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The daily change of the internal air temperature at
the beginning of regulation to reduce heating of
different graphs

The dependence of the internal
temperature on the heating level

air
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The daily change in the internal air
temperature for different heating schedules
with forcing a heating system

Effect of various shapes forcing the heating
system on the internal air temperature
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Calculation of saving of regulation
implementation

By reducing the level of heating from 20:00
to 6:00 thermal energy saving will be:
1) 900-1170 W - 2%
2) 720-1224 W – 6%
3) 540-1314 W – 8.2 %

By reducing the level of heating from 20:00
to 6:00 thermal energy saving will be:
1) 720-1660-1150 W – 4,6%;
2) 540-1800-1200 W– 7,2%;
3) 540-1620-1350-1200 W – 8,2%.
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Simulation of intermittent heating with coating the heat
insulating layer on the surface of the exterior wall
Increasing the thermal conductivity decreases the level of the
heating system. According to the analysis, select the level of load

1008 W.

Changing the internal temperature at various levels of lowering heating conditions
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Simulation of intermittent heating with changing the
massiveness of external wall

Daily internal temperature at considerable and average massiveness of external
wall
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Changed internal temperature prediction
The most influence factor in changing the internal temperature is the
ambient temperature. Therefore, on the basis of the research environment in
EnergyPlus and their results will develop a regression dependence of the values

of internal and external temperatures in Excel.
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The regression equation:
Y (x) = 11,65 + 0,80*Х1 - 1,11*Х2 + 0,70*Х3 + 0,28*Х4 - 0,07*Х5 + 0,25*Х6 -

-0,05*Х7 + 0,04*Х8+ 0,002*Х9
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Conclusions
 In the master's work is simulated steady-state and intermittent heating,

determined to save heat energy from the implementation regulation of
the heating system, predicted indoor air temperature as a function of
changes in ambient temperature.
 The work solved a number of problems:
1) Created a stationary model in environment MathCAD and nonstationary object model in EnergyPlus environment.
2) Modeled and considered the combined influence of solar and
thermal radiation on the heating rate.
3) Received and analyzed the temperature dependences of the different
levels of reducing heating levels in the non-business hours.
4) Investigated the value of the introduction of the preheating of the
heating system to ensure comfort during business hours.
5) Developed a method to predict the indoor air temperature.
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