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ABSTRACT
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The thesis is devoted the developmendf theoretical foundationsf non
destructive controthe developmentral practical application of means and methods
for complexmonitoring ofthernoradiation and thermophysical characteristics of
materials and productghen conducting an inspection bktthermal insulation shell
of buildings and structures as an integral part of an energy audit

The introduction reveals the relevance of the research direction and justifies
the choice of the topic of the thesis, formulates the purpose and objectives of t
research, presents the scientific novelty and practical significance of the result:
obtained, indicates the personal contribution of #mplicant indicates the
connection with scientific programs, themes, plans, grants, research methods, sta
of pubications and testing of the results of the thesis research, provides informatior
about their implementation and indicates the structure dhts.

In the firstsectionan analysis of scientific publications and the current state
of regulatory documentnd standardsn energy audiof buildingshas beencarried
out. The hardware that is used to monitor the thermal state of the bwaliretppe
in field and laboratory conditiortzas beemonsidered, the requirements for control
systemdas beenetermined, with the help of which studies of the thermal resistance
of the elements of the heptotectiveenvelopeof the building are carried out. In
particular, ithas been oted that when stythg complex objects, there is a need to

createa control system built on a modular principle.
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An analysis of the methodological support for thermal resistance studies has
been carried out, and the feasibility of improving the -destructive testing
tecique, combining higlguality thermal imaging analysisof the building
envelopgISO 6781) and measurement of surface heat flux density and temperature
(ISO 9869), has been substantiated, which would increase the likelihood of detectin
structural defectand reduce the impact subjective factor on test results.

Carried outis an analysis of methods for determining the emission coefficient,
which is relevant for all cases of research, calculation and modeling of radiation hea
transfer, in particular when tlgmining the properties of energyficient glass and
windows and when carrying out pyrometric and thermal imaging measurements
Special attention is paid to the methods and devices that can be used in nor
destructive testingilhe most common methods dh®se based on determining the
emissvity by comparison with the radiation of working standards, and methods for
determining the reflection coefficient.

In the second sectigna conceptual approach to the integrated control of
thermoradiation and thermophysical characteristics of materials and products ha
been formed, based on models of fields of informative parameters and statistica
methods of data processing.

A mathematicaimodel of the climatic component of the meteorological field
when monitoring thermal resistanieas beerwonsidered in order to assess the main
factors and meteorological parameters affecting heat exchange in buildings.

A computer model of the process @dmplex radiation and convective and
conductive heat exchange when monitoring the thermophysical characteristics of
building envelopeis proposed, taking into account the installation locations of
sensors and the influence of their parameters on theotoesult. Data have been
obtained on the distribution of temperature and the air velocity field of the internal
thermal field, which made it possible to establish the absence of increasec

turbulization in the area where the heat flow sensors are located.
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The influence of changes in the emission coefficient of heat flow sensors on
the results of determining the thermal resistance of the entelopeof a building
has beershown.

A method has beenproposed for correcting the results of heat flow
measurem@s by compensating for temperature drift, which makes it possible to
reduce the uncertainty in the results of heat flow measurements under nature
conditions.

The scientific and practical basis for the creation of new heat flow sensors has
been developetb perform measurements of heat flow density in the rangé of 1
10 W/m?in the presence of temperature drift.

The third sections devoted to the differential calorimetric method for express
control of the emission coefficient of surfaces of materials and coatings.

This method is used to measure the integral hemispherical surface emissiol
coefficient of materials and coatings acah be used in the production of building
materials and structures, aerospace and other industries.

The essence of the method is to compare heat flows, which are determined il
two measuring cells by heat flow sensors, the surfaces of which have different
emissivity coefficients, and at a constant temperature of both cells, which is ensurec
using a heating element.

To analyze the impact factors when implementing the differential calorimetric
method for monitoring the emission coefficient, computer CFD modeling of the
processes of complex radiation arahvective conductivieat transfer was carried
out both in eachndividual measuring cell and in the prototype of the device.

Based on the modeling results, an analysis has been made of the dependence
the measured value of the emission coefficient on the differential heat flux, defined
as the difference in fluxes maaed in cells with sensors with black and light
coatings. The resulting dependence represents the calibration characteristic of tf
device. The nonlinearity and shift of the calibration characteristic have been
established, which must be taken into actouanthe algorithm for processing

information coming from the primary sensors of the device.
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To determine the operating mode of fystemafter installation on the sample,
calculations of the sample surface temperahaee beerperformed in a transient
model. Based on the obtained results, the sample temperature stabilizes after 20(
seconds, which subsequently allows considering the nasdecceptable for
conducting emissivity coefficient control.

The fourthsectionpresents a combineahethod 6r monitoring the thermal
resistance of the buildingnvelope The methodcombinesthermal imaging
qualitative analysis of the temperature fields tbé building envelope with
guantitative contact measurements of the values of surface heat flux density an
temperature in certain areas of the buildamyelope

A thermal resistance monitoring system and a software package for recording
and processinghformation have been developed. Due to the modular design of the
system, the use of various modifications of heat flow sensors and the method o
correcting the results of heat flow determination, it is possible to simultaneously
control 40 zones and objsthat havecomplex shapes.

A device has been created for express control of the emission coefficient of
material surfaces, which is based on the developed differential method. The devic
allows to study energgfficient materials and coatings with amission coefficient
in the range from 0.05 to 1.0 with an expanded uncertainty of 0.02.

In thefifth sectionthe metrologicabupport of heat flow measurement during
monitoring the thermal state of the buildiagvelopehas beemronsidered.

Modeling of hat transfer processes in an installation for radiation calibration
of heat flow sensors and determination of thermoradiation characteristics have bee
carried out.

Based on the results of computer modeling of complex radiation and convective
and onductiveheat transfer processes in the calibration system, the boundaries o
the working zone with a uniform distribution of heat flux density have been
established, which made it possible to reduce the uncertainty of calibration result:

and expand the lower limof the heat flux density measurement range.
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An integrated approach to determining the characteristics of bimetallic and
semiconductor heat flow sensors, which are most af$ed to control the thermal
resistance of enclosing structures, has been introduced.

The following characteristickave beerdetermined: conversion coefficient
(sensitivity to heat floyy dependence of the conversion coefficient on temperature,
the response time of the sensor, emigsof the sensor surface. The determination
of the conversion coefficient of the sensor, carried dwing conductive and
radiative supply of thermal energy, made it possibleet@althe influence of heat
transferconditionson the characteristics tfesensors.

The sixth sectionpresentsexperimental studies of the developed system for
monitoring the thermal resistance of building envelopes and a device for determining
the emissivity.

Laboratory tests of the monitoring system of thermal resistarce earried
out jointly with the laboratory of building enclosing structures and materials of the
State Enterprise AUKRMETRTESTSTANDAREL
of threelayer wall panels with polyurethane foam insulation indicating
homogeneousanes and a window block with polyvinyl chloride and glazing system
4i -14Ar-4M1-12Ar-4i in a climate chamber. As a result of comparative tests, it has
been established that the deviations in the temperature measurement results have |
exceeded dN tOhe5 AhCeatanfl ux densi &y has

A methodology has been testethich is based on a combination of thermal
iImaging of surface temperature for qualitative analysis and quantitative contact
measurements of surface temperature and heat flow values. The advantages of tt
technique are the reduction of the influencehaf subjective factor on the control
process, the ability to detect local thermal insulation defects and carry out control o
enclosing structures of@mplex design.

The uncertainty of the measurement results of the thermal resistance of the
building envéope has been assessed and the resulting uncertainty assessment h
been compared with the ISO 9869, according to which the expanded uncertaint
ranges from 14% to 28% by assessing the reliability.



20

The thermoradiation characteristics of a promising mea{emamely titanium
aluminide, different types of glass and coatihgse beemxperimentally studied.

Scientific novelty of the results obtained:

1. A new conceptual approach to integrated -destructive testing of
thermoradiation and thermophysical characteristics of materials and products i
proposed. It is based on models of fields of informative parameters and statistica
methods for processingxperimental data, which made it possible to increase the
reliability of the assessment of the thermal performance of the buddwvejope

2. For the first time, a method for monitoring the emission coefficient has been
proposed, which is based on theanpiples of differential calorimetry, which
provides compensation for tlwnvectivecorductive component of heat transfer
and allows express monitoring in laboratory, industrial and field conditions without
special preparation of the surface of test object.

3. For the first time, a method has been proposed for correcting heat flow
measurement results by compensating for temperature drift, which makes it possibl
to reduce the uncertainty of the results of heat flow measurements under nature
condtions.

4. The method for monitoring the thermal resistance of a buikhrnglopenas
been improved by using Computational Fluid Dynamics computer model of the
control object, which has made it possible to reduce the influence of instrumenta
factors on the control process and predict the state of the building's therma
protectionenvdope, takinginto account conductive and convectnagiative heat
transfer.

5. The scientific and practical basis for the creation of new heat flow sensors
has been developed and their metrological support has been improved to perforr
measurements of hefidw density in the range ofi10 W/n¥ and the presence of
temperature drift, which has reduced the uncertainty of heat flow density
measurement results.

Practical significance of the obtainedsults:
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1. A control technique has been developed basedcomaination of thermal
iImaging analysis oénclosing structures with contaneasurements of the values of
surface heat flux density and temperature, which made it possible to reduce th
influence of the subjective factor on the test results.

2. A system for nomestructive testing of the thermal resistance of the outer
envelope of the buildingnd a software package for recording and processing
experimental data have been developed. Due to the modular design of the syste
and the use of varieumnodifications of heat flow sensors, it is possible to carry out
simultaneous monitoring in a large number of zones and study the characteristics ¢
a heafprotective envelope of a complex structure and its elements.

3. The methodology and control systeave been tested in laboratory and field
conditions, which made it possible to determine the reliability of the assessment o
the thermal performance indicators of thelding envelope enclosing structures.

4. Based on computer modeling and verificatibthe processes of complex
radiation and convectiveonductive heat exchange when monitoring the emission
coefficient, a research methodology has been developed and requirements fc
sensors and the hardware and software part of the system have beemddtermi

5. A device for monitoring the emission coefficient and a software package for
recording and processing information have been develdpguerimentaktudies
have been carried out on a number of en@ffjgient materials and coatings used

in constrution.

Keywords thermal resistance, emission coefficient, heat flow sensors,
temperature sensors, methodsdontrolof thermal quantitiescomputer models of

heat transfer.
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