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Abstract—This is the 2" phase of a research within the
multi-annual plan focusing on the function of the coating
layer with reflective properties, whereby the main measured
values are especially the heat transmissions. A thin coating
"functional layer from the mixture of ""Glass Bubbles' 3M
™ and the fixation medium is applied to a matrix, that is to
be improved in terms of its thermo-technical behavior. [2]
As part of the mid-term research, a coating layer was
selected on which a series of thermal and technical
parameters were measured. For the research, a measuring
base was set up at Nova Ves (CZ), where 3 identical cargo
container units A, B and C are all differing with in
application of the functional layer — heat blocker. A -
without application, presenting a reference container, B -
with application on inner walls and C - with application on
outside walls. In these units, indoor temperature and
ambient humidity is being measured, along with the surface
temperature of the shell outside and inside the unit. Data of
outdoor temperatures, humidity, precipitation and solar
intensity are measured with a meteorological station
nearby.

Index Terms— Hollow glass microspheres, Heat blocking
agent, Reflective layer, Thermal-technical behavior

I.  INTRODUCTION

A. Thesis

At the monitored objects - containers A, B and C with
different application of the functional layer - the blocker,
we assume inadequate thermal properties for the
container shell, which change after the application of the
blocker. [1]

Each unit represents the sample with a different
application of the functional thermal reflecting. Container
B is prepared by spraying the layer of the blocker from
the inside and we expect a generally smoother thermal-
technical behavior in terms of a slower increase and a
slower drop off in the indoor ambient temperature. [2, 3,
4] Container C is modified by spraying the blocker from
the outside and we expect a total reduction in heat gains
from the exterior.

For the functional layer, we assume linear behavior in
the monitored thermal range, i.e. from -20=C to + 50°C.
[4]

For the second phase of the research plan, a measuring
area was built with a focus on the data acquisition from
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the measurements. The base is located in NovaVes, near
Me¢lnik, CZ. It is on AZ Tech, Ltd. premises, a participant
in this research project, that assists as a technical
consultant, know-how provider and material assurance
provider.

B. Parameters

The monitored parameters / quantities are: indoor
temperature and humidity - ambient, contact temperature
of the shell inside and outside the container and external
parameters - air temperature, air flow, solar radiation and
total solar radiation over the monitored time period.

When installing container units and at a period of
monthly intervals, the sky light component was measured
outside and in each of the containers, and a 360°
reference capture was taken for other measuring purposes.

[5]
C. Measuring Base and Subjects

The measuring base consist of three same container
units located in a row, spaced about 20 m, in order to
minimize their thermo-technical interference. The cargo
containers are made of galvanized trapezoidal sheet with
dimensions ca 6m / 2,2m / 2,6m (I / w / h) with an
internal volume of about 34 m® The containers are
equipped with doors on the shorter wall and a
luminaire/window made of cellular polycarbonate in
dimensions about 6m / 1 m located in the axis of the roof
shell. [1]

Il.  PREVIOUS RESEARCH

In the previous phase of the research, a series of
measurements was carried out on a gradually evolving
measuring area, where individual containers were by
installments placed. In the first phase of the research, the
influence of the layer of the studied material on the
thermal and technical properties of the structure was
examined empirically, where the status of the functional
layer and the temperature of the two containers A and B
were monitored. [1]

Unit A was left without modifications, without a
blocker layer, and was used as a reference / native unit.
Container B was modified by spraying the blocker layer
from the inside. On these two units, the application
technology and the suitability of the composition of the
functional layer and fixation medium have been tested.
During the 1 measurement period (approximately 1 year),
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the technical parameters - strength and coherence of the
surface, behavior during cyclic thermal expansion of the
base surface of the structure (galvanized sheet) were
monitored. The fixation medium were gradually
developed to fit the needed parameter of non-influencing
the heat blocker. The starting medium was derived from
FBMI CTU research [6]. For the container, the
parameters were measured - temperature and humidity in
the interior - ambient, and the contact temperatures of the
shell on the inside and outside.

During the measurement, the temperature and behavior
data of the investigated subject were collected. It partially
confirmed the hypothesis of a change in the thermal
behavior of the container B. The temperature fluctuations
caused by the solar gains incident to the outer side of the
container were slower in comparison with the container
without internal functional layer.

The previous phase of the research is dealt in an article
Innovative coating materials for glass structures,
presented on 2017, Hanoi. [1]

In the first phase of the research, repeated
measurements exposed instability of the inner
environment of the containers caused by the infiltration
of external air. The data provided from the nearest
meteorological station of NovéOuholice (CZ) confirmed,
there is an indisputable relation to the weather situation.
On windy days, the collected data were rather confusing,
thus noted as unsuitable for further processing.

This particular situation shifted the starting measuring
methods in near ideal conditions with almost no external
involvement [7] to more empiric testing in field
experiment.

For measurements in the next phase of the research,
the measuring system was supplemented by an automatic
meteorological station, which will collect wind direction
and wind speed data as well as data of solar radiation. On
the basis of the data obtained from the meteorological
station, the data measured on the containers will be sorted
out and the data from the windy days will be removed
from the measurement evaluation.

I1l.  CURRENT RESEARCH

Fig. 1, for the next measurement season, running from
March 2017 until the end of 2017, container C is
introduced. Data on ambient and container behavior A, B
and C will be collected, it will be compared with the data
from the meteorological station in the district and will be
evaluated and processed into comparative linear graphs
showing the different behavior of units A, B and C.

IV. RESEARCH QUESTION

A. Main Research Question

Is it possible to use innovatively the 3M ™ “Glass
Bubbles” material to improve the thermal and optical
parameters of building structures and to verify this
improvement empirically? [1]
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B. Research Question for the 2" Research Phase

Is the improvement of thermal-technical parameters of
the specific structure of the functional layer and metal
carrier matrix empirically verifiable?

V. PROBLEM

Figure 1. Measuring base with the containers, from right A, C and B.

Fig. 1, within the current research phase, a set of 3
containers is prepared in the measuring area. On
containers A, B and C - with a different application of the
functional thermal reflecting layer - the blocker is
expected to have different thermal-technical behavior.
[2,3,4]

Each unit represents the examined sample with a
different application of the functional thermal reflecting
layer - the blocker. Container unit A is left without
modifications, without a blocker layer, and is used as a
reference / native unit for which unsuitable thermal-
technical parameters are assumed. Container B is
modified by spraying the layer of the blocker from the
inside and we expect a generally smoother thermal-
technical behavior resulting in a slower increase and a
slower drop of the ambient temperature. Container C is
alternated by spraying the blocker coating from the
outside in this case a total reduction of heat gains from
the exterior is to be expected. [2,3,4]

VI. METHODIC

A. Data Aquisition

Each container unit is equipped with an identical
independent measuring system that collects ambient
temperature and humidity data at 10 minutes interval. The
unit is located in the geometric center of the container.
Another independent measurement unit collects the
contact temperature data of the container sheet on both
the inner and outer side simultaneously. The measuring
probes are located on the southern facgade of the container
both from the outside and inside. These units collect data
also at 10 minute intervals. For environmental data
collection, such as: air temperature, wind strength and its
velocity, solar radiation intensity and time course are
simultaneously collected for all 3 containers by a
meteorological station located at a distance of
approximately 20 m from the measuring area of the
containers.
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Figure 2. Reference day September 2"2017, Partly sunny day, from
the bottom: Time index, Wind speed, Solar radiation, Exterior
temperature (ET), Container A interior temperature (CAIT),
Comparison with ET; Container B interior temperature., Comparison
with ET, Comparison with CAIT; Container C Interior temperature,
Comparison with ET, Comparison with CAIT

The data collected from independent devices are
progressively evaluated in a four-step sequence, where
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filtering by relevance, sorting according to circumstances,
and data comparison is gradually performed.

The expected outcome of the second phase of the
research is a dataset containing the values measured
during the relevant measurement days and suitable for the
following statistical processing.

B. Data Evaluation

Data collected from independent devices are thereupon
progressively evaluated in a multi-step sequence. The
first step is to identify windy days where measured
parameters are potentially affected. Such data are
unsuitable for further processing because the container's
interior environment is affected by the infiltration of air
from the outside and the variance of the measured data is
so great that the data cannot be processed into a relevant
comparison.

Fig. 2. The second step is the processing of sorted data
into comparative graphs, which show the differences
between individual containers, i.e. A, B and C - with a
different application of the functional thermal reflecting
layer. These charts are divided into measuring sequences
from 00:00 to 23:50 hours, which we consider to be the
reference day.

Fig. 2. The third step is to compare such comparison
graph from the reference day with the solar radiation data
and the duration of sunshine. Charts of comparatively
sunny days are categorized into several groups.

The fourth step is the comparison of comparative
graphs in groups according to sunny days. We focus on
two groups of sunny days - more or less full sun days,
when we want to read the temperature differences
between individual containers and alternating cloudy
days where we want to read from the comparison charts
the delays between the temperatures of the individual
containers

VII.

A. Evaluation of the Ongoing Phase of Research

As the previous research proved our hypothesis us with
the expected results and, the research continues in
profoundly improved conditions, with correct datasets
provided by all 3 containers and a recently introduced
meteorological setup. After the evaluation of this data,
according to the methodology mentioned above, the
material properties can be then certainly declared.
Including the stability of the layer, that is exposed to
elements, on the matrix within a longer time period. On
this basis, the differences in ambient temperatures of the
environment that is contained within the structure of the
alternated matrix can be acknowledged. The following
results are then to be published.

CONCLUSION

ACKNOWLEDGMENT

This work was supported by the Czech Technical
University in Prague — Student Grant Competition under
Grant SGS15/222/OHK1/3T/15.

The authors wish to thank to Czech Technical
University in Prague for technical support and



International Journal of Structural and Civil Engineering Research Vol. 7, No. 2, May 2018

cooperation, especially to Z. Vyoralovg to AZ-TECH
Ltd. for consultancy, co-working and especially for the
material support provided.

REFERENCES
[1] F. Novotny L. Prokopovaand D. Bosova “Innovative coating
materials for glass structures,” in Proc. ICBMC Hanoi
Conference, Hanoi, VN, February 25-27, 2017.
Glass Bubbles - 3M (tm) Glass Microspheres, Prague, 2003
S. N. Patankar and Y. A. Kranov, “Hollow glass microsphere
HDPE composites for low energy sustainability,” Mater. Sci. Eng.
A, vol. 527, pp. 1361-1366, 2010.
A. S. Geleila, M. M. Hallb, and J. E. Shelbyc, “Hollow glass
microspheres for use in radiation shielding,” Journal of Non-
Crystalline Solids, New Functionality of Glasses — Proceedings
of the 17th University Conference on Glass Science, vol. 352, no.
67, pp. 620-625, 2006
L. Prokopova, D. BoSov4, and F. Novotny, “The Outside Thermal
Insulation from Glass Micro Bubbles with Influence on Daylight
Factor,” in Proc. 3rd International Materials, Industrial, and
Manufacturing Engineering Conference, MIMEC 2017
J. Zaj T, G. Kuncova M. Bittner, T. Branyik, A. Solovyev, S.
Sabata, and M. Pospisilovd, “Repetitive inductions of
bioluminiscence of Pseudomonas putida TVA8 immobilised by
adsorption on optical fibre,” Chemical Papers, vol. 70, no. 7, pp
877-887, 2016.
L. Prokopova and D. BoSovd, “Architectural models for
measurement of Daylight Factor,” Energy Saving and
Environmentally Friendly Technologies - Concepts of Sustainable
Building, vol. 824, 2016.

[2]
(3]

(4]

[5]

(6]

[71

FrantiSek Novotny , native of Prague — Czech
Republic, was born in March 20th, 1987.
Graduated at Faculty of Architecture, Czech
Technical University in Prague. Masters degree
in “Multifunctional housing complexes in city
centre” in 2012. Since 2014 he is a student of
Ph.D. programme on Faculty of Architecture
CTU. Since 2015 he is a lecturer in Technical
Equipment of Buildings and Utilities of
Institute of Civil Engineering II, Faculty of
Architecture CTU in Prague. His specialized fields are: Renewable
energy sources, Smart grids and District utilities. In the meantime he is
the Junior Project Manager at Centre for Central European Architecture,
Prague and the Senior Architect at MOBA Studio, Prague. Mr. Novotny
is since 2015 the leading scientific investigator of grant project on
Czech Technical University in Prague, focused on special coating

© 2018 Int. J. Struct. Civ. Eng. Res.

133

materials for glass structures “Application of innovative coating
materials for glass structures”.

Lenka Prokopov& native of Klatovy of Czech
Republic, was born on May 27th, in 1985.
Graduated from Czech Technical University in
Prague - Faculty of Civil Engineering. Ph.D.
degree of “Design and verification of
methodology of daylight using light guide” in
2015. Since 2015 she has worked like lecturer in
Building Physics and Technical Equipment of
Buildings of Institute of Civil Engineering II,
Faculty of Architecture CTU in Prague. Her
specialized fields are: Daylighting, Tubular Light Guide and Technical
Equipment of Buildings. She worked on the five research projects and
grants (one of them was international grant) Ms. Prokopova was the
principal investigator of three grant projects. In scientific work, she
focused on Building Physic and Daylighting. She has done a lot of
publications and university textbook, including: Daylighting, Tubular
Light Guide, Building Physics- thermal, lighting and acoustics.cludes
the biography here.

Daniela BoSova , native of Prague of Czech
Republic, was born on February 22th, in 1973.
Graduated from Czech Technical University in
Prague - Faculty of Civil Engineering. Ph.D.
degree of “Distribution of moisture in the
perimeter wall with contact insulation in
relation to the occurrence of facultatively
pathogenic mildew” in 2004. From 1999 until
‘ 2012 she worked like lecturer in Building
structure focused on Building Physics - thermal,
lighting and acoustics of Department of Building structures, Faculty of
Civil Engineering CTU in Prague. Since 2013 she works as a lecturer in
Building Physics and Fire Safety of Buildings of Institute of Civil
Engineering Il, Faculty of Architecture CTU in Prague. Her specialized
fields are: Daylighting, Insolation and Fire Safety of Buildings. Ms.
Bosova is authorized engineer for Building Structures and member of
Society for Environmental Technology. She worked on the ten research
projects and grants, she was the principal investigator of three grant
projects (one of them was international grant). She is a supervisor for
Ph.D. students. In scientific work, she focused on Building Physic and
Daylighting. She has done a lot of publications and university textbooks,
including: Daylighting, Tubular Light Guide, Building Physics.






