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Abstract

The article presents the specifics of the software implementation of the thermal resistance calculator
named “ThermoResist”. The developed thermal resistance calculator calculates the thermal resistance
of the wall, window, attic floor, and roof in accordance with the State Building Regulations of Ukraine.
The programming language C{f was chosen to implement computation procedures and the thermal
resistance calculator interface. Calculations were performed under the assumption that the contributions
of different thermal resistance mechanisms to the total thermal resistance of dielectric building materials
are additive.

Keywords

thermal resistance, calculator, heat transfer processes, dielectric building structures

1. Introduction

Digitization of all spheres of public life and industry requires the development of appropriate
tools [1]. One of the most important branches of industry in Ukraine is the construction
industry because after the war it will be necessary to rebuild hundreds of destroyed cities and
villages, to rebuild thousands of houses. Thermal insulation of buildings is an important part
of construction. Both civil engineers and ordinary workers in the construction industry will
carry out such work. The training of specialists in the construction industry is carried out by
institutions of higher and professional pre—higher education. That is why the ability to perform
thermal insulation calculations is an important component of the professional competence of
civil engineers. The creation of thermal insulation begins with its calculations. Such calculations
are usually carried out manually. At the same time, there are thermal resistance calculators that
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are advisable to use in the process of calculating the thermal insulation parameters of buildings
and structures.

To calculate the parameters of thermal insulation, one can use general-purpose application
software, automated design systems, or existing thermal conductivity calculators. The use of
software of the specified categories has its advantages and disadvantages; in particular, they do
not take into account the peculiarities of heat transfer in dielectric materials. In dielectrics, heat
transfer processes occur due to phonon-phonon interaction without the participation of free
electron diffusion [2, 3]. Therefore, it would be more appropriate to use a specialized software
tool — a thermal resistance calculator for dielectric building materials.

The article aims to reveal the features of software implementation and the user interface of
the thermal resistance calculator for dielectric building materials.

2. Computation method

One of the urgent and at the same time the most difficult problems of thermal physics is the task of
researching energy transfer processes [4, 5, 6]. Data on thermal conductivity allow for obtaining
important information for thermal physics. Dielectrics have several mechanisms that determine
thermal conductivity, and a number of processes that limit the effectiveness of each of the
mechanisms [7, 8, 9, 10]. The development of industrial technologies contributed to the creation
of high-precision methods of thermal conductivity research, which made it possible to obtain
more complete information about the nature of the forces acting in dielectric materials. However
accurate quantitative prediction of thermal conductivity due to the complexity of describing
specific mechanisms of heat transfer for real dielectrics is a difficult task. In the classical Debye
model, the thermal conductivity A of dielectrics can be presented by the expression [2, 11]:

wp

) . elw/ksT

= SR T? / l(w)w mdw (1)
a

where v is the sound velocity, wp is the Debye frequency, kp is the Boltzmann’s constant, [(w)

is the phonon mean free path, and £ is the Planck’s constant.

At the same time, today there are considerable deviations between the results of experimental
studies of the dielectric materials thermal conductivity and classical theoretical predictions.
At present, there is no generally accepted theoretical model that can effectively determine the
contributions of different heat transfer mechanisms to the thermal conductivity of dielectrics
[7, 8, 12, 13, 14]. Therefore, in practice, a simplified idea of the possibility of independent
separation of the contributions of each of the phonon scattering mechanisms to the total
thermal resistance and determination of the combined phonon relaxation time 7 is often used

[15, 16, 17]:
n
1= ZTz'_l (2)
i

where 7; is the relaxation time for each of the phonon scattering mechanisms in the dielectric.
The possibility of using such a simplification in the inverse functions for kinetic coefficients
was also theoretically substantiated in works [18, 19]. According to the results of these works,
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if a quantity is a direct correlation function (in our case thermal conductivity) goes to infinity,
then it is necessary to consider the behavior of its inverse quantity (inverse correlation function
in our case is thermal resistance) and add to its thermodynamic value terms that describe
spatiotemporal dispersion and additional corrections. If the inverse value goes to zero, then all
correction terms are added to this zero value.

In the harmonic approximation [20], heat waves propagate in the crystal without interacting
with each other. In this case, the arbitrary distribution of phonons does not become equilibrium
even in the absence of a temperature gradient, since the mechanism of phonons relaxation to
an equilibrium state is absent. The heat flow in this case exists indefinitely, and the thermal
conductivity is infinite A = inf, due to the absence of thermal resistance W = 0 (A = 1/W).
But, as the experiment shows, the thermal conductivity of dielectrics is a finite value. Even in
ideal crystals, the existence time of phonons is limited by the processes of phonon scattering,
which arise as a result of the interaction potential anharmonicity of a real dielectric.

Thus, phonon anharmonicity is a necessary condition for finite thermal conductivity [2, 20].
In the framework of three-phonon interaction [2, 15], it is customary to distinguish N-processes
and U-processes. N-processes during collisions do not change the value of the average quasi-
momentum and by themselves do not lead to the occurrence of thermal resistance W = 0. After
the U-process, there is a change in the direction of heat energy transfer, which ultimately leads to
the emergence of thermal resistance W = 0 and repair of the phonons equilibrium distribution.
In contrast to atomic crystals for dielectrics, in addition to phonon—phonon scattering, there
are additional mechanisms of phonon scattering, in particular, boundary scattering of phonons,
etc. [4, 7, 8, 15, 16]. That is, for dielectrics it is possible to write A = 1/ W, [3, 4] and assume
that the contributions of different phonon scattering mechanisms to the total thermal resistance
W are additive [8, 21]. Considering that different mechanisms of phonon scattering are present
in dielectrics, the thermal resistance of the dielectric can be determined as:

W= ©
i=1

where W is the total thermal resistance, W; are components of the total thermal resistance
associated with different mechanisms of phonon scattering in dielectric materials [4, 21].

The formulas presented in works [22, 23, 24, 25, 26, 27] are used to calculate the values
of thermal resistance for dielectric building materials. Calculations are performed under the
assumption that the contributions of different phonon scattering mechanisms to the total
thermal resistance of dielectric building materials are additive [2, 8].

For full thermal resistance W of thermally homogeneous and non-homogeneous opaque
enclosing structures:

I 6 1

Wg = - (4)
Qin ; )\z Qegt

where o, is the heat exchange coefficient of the internal surface of the structure with the

internal air; o, is the heat exchange coefficient of the outer surface of the structure with

the outside air; d; is the thickness of the i—th material layer; \; is the coefficient of thermal

conductivity of the i—th material layer.
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For the thermal resistance W;,,. of structures with defined values of the linear heat transfer
coeflicient of thermal-conducting inclusions:

n
F+ Z F;
Winc = n =1 ™m (5)
o Zl%+ > AL
i= j=

where Wy, is the reduced heat transfer resistance of the transparent area which is taken
depending on the characteristics of the double—glazed units (the distance between the layers of
glass, the type of gas filling and the degree of blackness of the glass surface), F}, is the area of
the translucent part (m?), W; and F; are thermal resistance and the area of the i—th opaque
element, n is the number of opaque structural elements with certain values of W; and Fj, k;
is the linear coefficient of thermal conductivity of the j—th inclusion, L; is the linear size of
the j—th opaque inclusion of the translucent structure, m is the number of opaque structural
inclusion for which %; must be determined.

In their article, Zahorodko et al. [28]. compare the performance of quantum-enhanced and
classical machine learning algorithms in an experiment [28].

3. Results and discussion

Starting with the design of the thermal resistance calculator, we will analyze the functionality

and interface of the most common programmes for this purpose. A search for relevant software

found such software products as Rockwool U-value Calculator, Kingspan U-value Calculator

and others. The Rockwool U-value Calculator is available on the website [29]. This software

tool provides an opportunity to calculate the thermal resistance of walls, roof and floor.
Advantages of the Rockwool U-value Calculator:

« variability of structural and thermal insulation materials;
« intuitive interface;
« multilingual interface.

Disadvantages:

« non-compliance with the State Building Regulations of Ukraine (Rockwool U-value Cal-
culator calculates thermal conductivity, but we need to calculate thermal resistance);

« uncontrollability (the owners of the resource can close access to this resource at any time,
and its use in the educational process will become impossible).

The next software tool is the Kingspan U-value Calculator [30]. After registering the user on
the website, he can choose the desired type of building and type of wall, determine the material
of the internal equipment of the wall, the material and thickness of the main material, the type
of mortar, the material of thermal insulation and its thickness, the thickness of the air layer, the
material and thickness of the external decoration. This calculator has the same disadvantages
as the previous one:
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« thermal conductivity is calculated, not thermal resistance;
« lack of control over the resource on which the Kingspan U-value Calculator is located;
« a set of thermal insulation materials from Kingspan.

The analysis results show that it is impractical to use the mentioned thermal resistance
calculators, since the method of their calculations does not correspond to the State Building
Regulations [27]. That is, a significant drawback of these calculators is the use of another
method of calculation.

A feature of thermal resistance calculations performed by civil engineers in Ukraine is that
the calculation method and main coefficients are described in the State Building Regulations
[27]. In these calculations, thermal resistance is calculated as the body’s ability to prevent the
spread of heat.

A feature of thermal resistance calculations performed by civil engineers in Ukraine is that
the calculation method and main coefficients are described in the State Building Regulations
[27]. In these calculations, thermal resistance is calculated as the body’s ability to prevent the
spread of heat, that is, as a process that is the inverse of thermal conductivity. Having analyzed
the main calculations performed during the design of the thermal insulation coating of buildings
and structures, it is possible to distinguish 4 main types of enclosing structures, and, accordingly,
4 main types of calculations [27]:

« calculation of the thermal resistance of the wall;

« calculation of the thermal resistance of the window;

« calculation of the thermal resistance of the attic floor;

« calculation of the thermal resistance of the roof overlap.

These calculations do not have fundamental differences, but use different limit values of
thermal resistance coefficients and different structural and thermal insulation materials. Accord-
ingly, the developed thermal resistance calculator must have appropriate functional modules.
In addition, it is necessary to allocate an additional block of initialization of tabular data, which
initializes the critical values of thermal resistances for various types of enclosing structures
depending on the climatic zones of Ukraine. Let’s consider these functional modules in more
detail.

The initial data initialization module activates those critical values of thermal resistance that
are characteristic of the relevant climatic zone of Ukraine. There are two such zones in Ukraine.
In order to simplify this process, the user is given the opportunity to select the area in which
the designed building will be constructed, and depending on the area, the program determines
the climatic zone, and only after that activates the required values of thermal resistance for
this zone. The specified thermal resistance values are output to the appropriate controls on the
form. In the same module, basic classes are initialized and basic class instances are created.

The module for calculating the wall thermal resistance accepts the following input data (se-
lected by the user using drop-down lists): material and thickness of the main wall, material,
and thickness of thermal insulation, material, and thickness of internal plaster, material, and
thickness of external cladding. In the handbooks, the coefficients of thermal conductivity of
most building materials are given, but in this module, you can choose only those materials
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that are used for the construction and thermal insulation of the wall. For example, there is no
roofing material in the list of materials for walls (it is not used for waterproofing walls).

The module for calculating the window thermal resistance uses different input data, according
to the materials used to make the windows. The tabular value of the thermal resistance of the
window is different from that of the wall.

The module for calculating the attic floor thermal resistance simulates the corresponding
calculations performed by the civil engineer. The user uses the drop-down lists to select the
material of the main floor, the material of thermal insulation, and the material of the interior of
the building, and with the help of sliders (TrackBar) sets the thickness of the corresponding
structural elements. The programme calculates the thermal resistance and displays its value in
the text field. Depending on whether the calculated value of thermal resistance corresponds to
the permissible value for the given climatic zone, the text field is painted in green or red.

The module for calculating the roof overlap thermal resistance differs from the previous one
only in a different set of materials (main support, thermal insulation, etc.), as well as in other
values of heat exchange coefficients with the environment and the internal environment.

In the process of developing the thermal resistance calculator, an object-oriented approach
was applied, according to which all information about a certain phenomenon of reality is
concentrated in the object.

The class diagram of the “ThermoResist” programme is shown in figure 1.

Material
+DisplayRetaining()
+DisplayWin(}

+DisplayLoof()
+DisplayRoof(}
-Calculate()

WinMaterials

-array: Material[]
———————= -size: int
+getNames()
+getlambdal (string)
+getlambda2(string)

Retaining

-array: Material[]
-size: int
+Retaining()
+getNameEn()
+getMamela()
+getlambdal(string)
+getlambda2(string)
+getNames()

-array: Material[]
-size: int
+getMames()
+getlambdal(string}
+getlambda(string)}
9]

InternalPlaster |

-array: Material []
—size: int

RoofMaterials

+getNames(}
+getLambdal{string)
+getlambda2(string)

-array: Material[]
-size:int
+getNames()
+getlambdal(string)
+getlambda2(string)

- name_en: string

-name_ua: string

- lambdal: double

- lambda2:double

+ Material(}

+ Material(string, string, double, double)
+getlambdal()

+getlambda2{)

+getNameEn()

+getMameUa()

Figure 1: Class diagram of the “ThermoResist” thermal resistance calculator programme.

The programming language Cf§ was chosen for the implementation of the programme. The
creation and compilation of the software code was carried out in the Microsoft Visual Studio
2022 programme development environment. System requirements of the programme:
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| 8@ thermoResist = a X

iGerwiSet‘m Calculstion of walls Calculation of windows  Calculation of the aftic floor  Calculaion of thermal resistance of the ol

Select the region [Pottaval

Temperature Zone |

Outside walls 33
Combined coatings 535
Attic covenngs and covernngs of unheated 495
Overlapping over passageways in 375
Translucent enclosing constructions 07
Entrance doors to apartment buildings and 05

Entrance doors to low-rise buildings and

Figure 2: “ThermoResist” thermal resistance calculator interface.

85 thermoResist - (=) X

| General Settings  Calculation of walls  Calcuation of windows  Calculation of the attic floor  Calculation of themmal resistance of the roof

Main wall White brick |
The thickness of the main wall, [ ] o 5 - @ |
702
Internal plaster Plaster - a complex solution (sanc
The thickness of the internal plaster, ] % n
13
External plaster material or Cement-sand solution
The thickness of external [ | Thermo 3,365618957438E
13
Thermal insulation Mineral wool insulation mats Calculate
Thickness of insulation material, ] Tabular value B
135

Figure 3: Calculation of the thermal resistance of the wall using the “ThermoResist” programme.

+ monitor resolution 800x600;
+ Microsoft Windows 10/11 operating system,;
« NET Framework 4.0 and higher.

The output of calculation results is accompanied by the coloring of the text field in green.
This means that the thermal resistance of the wall has an acceptable value.

4. Conclusions

Digitization of society involves digitalization of all aspects of social life. The developed “Ther-
moResist” thermal resistance calculator for dielectric building structures has an intuitive in-
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terface, a methodology, and a sequence of calculations that comply with the State Building
Regulations in Ukraine. Thanks to this, basic computer user skills are enough to use this
calculator, so it can be used by both students and civil engineers. Unlike many software prod-
ucts, it calculates thermal resistance according to the methodology given in the State Building
Regulations and enables to calculation of the thermal resistance of the following categories of
structures: walls, windows, attic floor, and roof according to indicators, specified in the State
Building Regulations. The presented results will be useful for implementation in the educational
process.

References

(1]

S. Kraus, P. Jones, N. Kailer, A. Weinmann, N. Chaparro-Banegas, N. Roig-Tierno, Digital
Transformation: An Overview of the Current State of the Art of Research, SAGE Open 11
(2021) 21582440211047576. d0i:10.1177/21582440211047576.

R. Berman, P. G. Klemens, Thermal conduction in solids, 1978.

O. L. Purskii, N. N. Zholonko, V. A. Konstantinov, Heat transfer in the orientationally
disordered phase of SF6, Low Temperature Physics 26 (2000) 278-281. doi:10.1063/1.
593899.

V. G. Manzhelii, Y. A. Freiman, Physics of cryocrystals, Amer Inst of Physics, 1997.

C. Kittel, P. McEuen, Introduction to Solid State Physics, John Wiley & Sons, 2018.

L. R. Ingersoll, An Introduction to the Mathematical Theory of Heat Conduction, Went-
worth Press, 2019.

V. A. Konstantinov, Heat transfer by low-frequency phonons and “diffusive” modes in
molecular crystals, Low Temperature Physics 29 (2003) 422-428.

O. I. Purskii, N. N. Zholonko, Heat transfer in the high-temperature phase of solid SFé,
Physics of the Solid State 46 (2004) 2015-2020.

C. Kittel, Quantum theory of solid states, Wiley, 2004.

D. G. Cahill, S. K. Watson, R. O. Pohl, Lower limit to the thermal conductivity of disordered
crystals, Physical Review B 46 (1992) 6131.

C. Jeong, S. Datta, M. Lundstrom, Full dispersion versus Debye model evaluation of lattice
thermal conductivity with a Landauer approach, Journal of Applied Physics 109 (2011)
073718. d0i:10.1063/1.3567111.

A. I Krivchikov, O. O. Romantsova, O. A. Korolyuk, G. A. Vdovichenko, Y. V. Horbatenko,
Specific features of heat transfer in the orientationally ordered phases of molecular crystals
in the region with predominant phonon-phonon scattering, Low Temperature Physics 41
(2015) 551-556.

A.J. H. McGaughey, M. Kaviany, Thermal conductivity decomposition and analysis using
molecular dynamics simulations. Part I. Lennard-Jones argon, International Journal of
Heat and Mass Transfer 47 (2004) 1783-1798.

A.J. H. McGaughey, M. Kaviany, Thermal conductivity decomposition and analysis using
molecular dynamics simulations: Part II. Complex silica structures, International Journal
of Heat and Mass Transfer 47 (2004) 1799-1816.

244


http://dx.doi.org/10.1177/21582440211047576
http://dx.doi.org/10.1063/1.593899
http://dx.doi.org/10.1063/1.593899
http://dx.doi.org/10.1063/1.3567111

[15] J. Callaway, Model for lattice thermal conductivity at low temperatures, Physical Review

[16]
[17]
(18]
[19]

[20]

[21]

[23]

[24]
[25]
[26]
[27]

[28]

113 (1959) 1046.
Y. Zhang, First-principles Debye-Callaway approach to lattice thermal conductivity,

Journal of Materiomics 2 (2016) 237-247.

M. G. Holland, Analysis of lattice thermal conductivity, Physical review 132 (1963) 2461.
D. N. Zubarev, Nonequilibrium Statistical Thermodynamics, Springer, New York, 1995.
V. M. Sysoev, A. V. Chalyi, Correlation functions and dynamical structure factor of a
nonisotropic medium near the critical point, Teoreticheskaya i Matematicheskaya Fizika
19 (1974) 283-288.

L. P. Pitaevskii, E. M. Lifshitz, Physical Kinetics, volume 10, Butterworth-Heinemann,
2012.

V. A. Konstantinov, V. P. Revyakin, V. V. Sagan, O. L. Pursky, V. M. Sysoev, Thermal
conductivity of solid cyclohexane in orientationally ordered and disordered phases, Journal
of Experimental and Theoretical Physics 112 (2011) 220-225.

F. Akankali, H. Zefer Alibaba, Analysis on the thermal transmittance/conductance of
building elements (roof, wall and floor) based on the different building materials used in
Famagusta, Int. J. Civ. Struct. Eng. Res 6 (2019) 98-108.

M. Belusko, F. Bruno, W. Saman, Investigation of the thermal resistance of timber attic
spaces with reflective foil and bulk insulation, heat flow up, Applied energy 88 (2011)
127-137.

B. M. Suleiman, Estimation of U-value of traditional North African houses, Applied
Thermal Engineering 31 (2011) 1923-1928.

X.Kong, J. S. McEwan, L. A. Bizo, T. M. Foster, An analysis of U-value as a measure of
variability, The Psychological Record 67 (2017) 581-586.

C. Underwood, F. Yik, Modelling methods for energy in buildings, John Wiley & Sons,
2008.

H. Fareniuk, M. Timofeev, O. Oleksienko, SCN B.2.6-31:2021 Thermal insulation and energy
efficiency of buildings, Minregion of Ukraine, 2022.

P. V. Zahorodko, S. O. Semerikov, V. N. Soloviev, A. M. Striuk, M. L. Striuk, H. M. Shalatska,
Comparisons of performance between quantum-enhanced and classical machine learning
algorithms on the IBM Quantum Experience, in: Journal of Physics: Conference Series, vol-
ume 1840, IOP Publishing, 2021, p. 012021. doi:10.1088/1742-6596/1840/1/012021.
Rockwool U-value Calculator, 2023. URL: https://bim.rockwool.co.uk/u_value/.

U-value Calculations. Kingspan GB, 2023. URL: https://www.kingspan.com/gb/en/
campaigns/u-value-calculations/.

245


http://dx.doi.org/10.1088/1742-6596/1840/1/012021
https://bim.rockwool.co.uk/u_value/
https://www.kingspan.com/gb/en/campaigns/u-value-calculations/
https://www.kingspan.com/gb/en/campaigns/u-value-calculations/

	1 Introduction
	2 Computation method
	3 Results and discussion
	4 Conclusions

