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Abstract: The article presents research aimed at determining the thermal properties of tent fabric and,
as the final result, the value of the heat transfer coefficient of the thermal protection of
a pneumatic tent. It was assumed that the thermal insulation capacity of the tent cover, con-
sisting of two fabric layers separated by an air gap, was determined for two seasons, summer
and winter. The tested material had two sides that differed in color, which resulted in ob-
taining a different value of the thermal emissivity coefficient. The thermal conductivity co-
efficient of the tent fabric was also measured with the use of a lammeter. The obtained data
from the measurements were then used to determine the resistance to heat transfer on the
tent surfaces, the thermal resistance of the partition, and finally the value of the heat transfer
coefficient.
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Introduction

Tents of various sizes have a simple structure and are quick to set up. They are
used in many situations requiring the creation of an effective roof for, usually, short
periods of use. They are used all over the world as temporary shelters for the poor,
refugees or people affected by natural disasters (Poschl, 2019). They are also used
as field hospitals, laboratories, etc. Due to the low thermal insulation of thin tent
coatings, the temperature in these specific rooms often does not provide comfortable
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thermal conditions for their users. The problem is the rapid increase in internal tem-
perature during intense sunlight and a rapid decrease when the external temperature
decreases. (Zhang et al., 2017b). This is due to the practically zero thermal capacity
of the structure. Conducted research on the modification of the structure of materials
(Stegmaier et al., 2018), applying additional layers (Liu et al., 2016), the technology
of layers and the construction of external partitions from which tents are made are
aimed at improving the conditions of the internal microclimate (Cena et al., 2003).
The conducted experiments show that, for example, by applying a reflective layer to
the outer layer, the air temperature in the tent is reduced (Lee et al., 2016; Zhang et
al., 2017a). The use of reflective insulation in building partitions also significantly
improves the thermal insulation of these partitions (Ujma & Umnyakova, 2019).
Modification of tent partitions and the use of various thermal insulation layers (Jura,
2015), reduces the cost of heating or cooling rooms, while providing appropriate
conditions of thermal comfort for people staying in them (Kysiak & Ujma, 2018).
The article presents tests on the thermal properties of tent materials and the external
partitions made of them.

1. Research materials

Tests conducted on the tent fabric were carried out in order to determine the value
of the heat transfer coefficient of the thermal cover of the pneumatic tent. Such data
may be used in the case of planning to use heating or cooling inside the tent, when
determining the demand for heating power or cooling power for devices heating or
cooling the air in the tent.

The tested tent (Fig. 1) has a pneumatic structure. The load-bearing system is
a skeleton structure with a frame made of connected, longitudinal and transverse,
inflated sleeves. The lengths of the elements forming the structure arch, starting from
the base to the top, are as follows: 1,950 mm — 1,800 mm — 500 mm. The frame is
filled with one or two layers of tent fabric. Material weight of approx. 310 g/m* and
a thickness of 0.30-0.35 mm.

The inside of the tent consists of two zones, one from the entrance to the tent —
the vestibule (unheated and not requiring cooling) and the other, depending on ex-
ternal conditions, heated or cooled (Fig. 2). In these two zones, the external partitions
are structurally different and therefore have different thermal insulation properties.

In the vestibule zone, only one layer of tent fabric is used, attached to the outside
of the pneumatic skeleton. In the heated-cooled zone of the tent, a fabric is attached
to the frame on both sides, both from the outer and inner sides of the tent. As a result,
the main thermal protection of the tent in the heated and cooled zone is a partition
made of one outer fabric layer, 0.30-0.35 mm thick, an air gap of 220 mm and
another fabric layer, 0.30-0.35 mm, forming a lining. In the gable wall of the tent,
the air layer between the fabrics is 110 mm thick.
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Fig. 1. Structural arrangement with the basic dimensions of the tent (source Lubawa S.A.)

Fig. 2. Tent structure with a fabric layer forming a lining on the inside, with a distinguished
vestibule zone and a heated or cooled zone (source Lubawa S.A.)

2. Testing the properties of the tent fabric

Due to the lack of data necessary to calculate the values of the heat transfer coef-
ficients of the tent’s external partitions, it was necessary to plan and perform appro-
priate laboratory tests. The scope of the research included the determination of

the emissivity coefficients of the tent fabric coatings and the thermal resistance
of the fabric.
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2.1. Tests of thermal emissivity of the tent fabric surface

The tent fabric has a surface that differs in color (Fig. 3). Therefore, tests were
performed separately for each surface. The dark green side of the fabric is used
in the tent from the outside and inside, while the gray side is used from the air layer
side.

The emissivity test was performed indirectly using the VarioCAM thermal
imaging camera. On the other hand, the processing of measurement data from
the thermal imaging camera was performed using the IRBIS remote 3.0 computer
program.

Fig. 3. Two different sides of the MP-144 fabric, with the colors: a) dark green,
b) gray (size 30x30 cm) (own photography)

The tests were performed on a test stand created for the purpose (Fig 4).
The measurements consisted of determining the apparent temperature with the use
of aluminum foil and setting the emissivity ¢ = 1.0 on the thermal imaging camera.
The apparent temperature during the measurements was 25.5°C, this was necessary
for the proper measurement of thermal emissivity. For this purpose, strips of black
cardboard with an emissivity close to 1.0 were placed on the fabric samples. The
fabric samples prepared in this way were glued to glass to create a smooth surface,
without bulges, and then placed on a tripod with a lamp below. The lamp bulb was
aimed at heating the samples of the tested material to a temperature higher by about
20 K compared to the ambient temperature. The camera set the emissivity equal to
1.0 in order to record the temperature on the black strip and on the appropriate ma-
terial, and then the camera was adjusted in the emissivity range for the tested mate-
rial, at which the temperature would be close to that recorded on the material with
the emissivity 1.0. This value was defined as the emissivity of a given material
sample. The process of determining the emissivity of the material was repeated, then
the thermal images were processed in the IRBIS remote 3.0 program.

As a result of processing the measurement data, the average value of the emissiv-
ity of the tent fabric was determined. The emissivity for the green side was 98%, and
for the gray side 84%.
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This data was used to calculate the coefficients and resistance to heat transfer on
the surface of the walls and roof of the tent, as well as the equivalent emittance
needed to determine the thermal resistance of the air layer.

Fig. 4. Measuring station for testing the thermal emissivity of a fabric (own photography)

The test was carried out on a test stand with the HFM 446 Lambda M lambdame-
ter, made by NETZSCH (Fig. 5). Due to the fact that the lammeter is used to test the
thermal conductivity of material samples with a thickness of 2 cm, the measurements
had to be made indirectly. The approach was used to measure the thermal conduc-
tivity of the material, which should have a thermal conductivity similar to that of the
fabric. Registering the thermal resistance given by a sample of this material, and then
measuring the thermal resistance with the layers of tent fabric added to the original
sample.

Fig. 5. Samples with the starting material and tent fabric samples placed between them,
placed in the lammeter chamber (own photography)

The obtained values showing the difference in thermal resistances of the indivi-
dual tests, divided by the number of fabric layers, made it possible to calculate the
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average thermal resistance and thermal conductivity of the fabric. The most advan-
tageous in terms of comparative measurements were the MDF board samples for
which the tested thermal conductivity was 0.10 W/(m - K).

The lammeter also measured the thickness of the tested samples. The measure-
ments show that the average thickness of the samples of the material made available
for testing was 0.31 mm. Measurements made with the use of a lammeter indicate
that the average thermal resistance of a single layer of fabric is 0.00351 m? - K/W.
This value was also used for further calculations of the thermal insulation of the walls
and the roof of the tent. Assuming the average thickness of the fabric samples at the
level of 0.31 mm and the average value of the thermal resistance of a single fabric
layer of 0.00351 m?- K/W, the average value of the thermal conductivity coefficient
of the tent fabric was 0.088 W/(m " K).

3. Determination of the thermal insulation properties of the tent shell

The calculations of the parameters of the tent partitions were made for two cases,
the cold period, assuming a temperature outside the tent of —30°C and the tempera-
ture difference between the heated zone and the external environment of 40 K, and
for the hot period, at the external temperature of 50°C and the temperature difference
of 30 K. The determined values of heat transfer resistances on the surfaces of the tent
partitions, taking into account the emission properties of the fabric surface, are pre-
sented in Table 1.

Table 1. Calculation results of the heat transfer resistance on the surfaces of the tent partition

(own study)
Resistance to heat transfer
The surface of the outer baftle Cold period Hot period
and the color of the tent fabric m? - K'W
Rsi
wall — green 0.134 0.125
wall — gray 0.147 0.137
roof — green 0.101 0.162
0,107 0.182
Rse
wall, roof — green 0.0035 0.032

Due to the fact that the temperature conditions of the partition operation and their
emission properties were taken into account in their calculation, they were used for
further calculations.

The determined values of the thermal resistance R, and Ry as well as the heat
transfer coefficient of the vestibule space and the entire system, also taking into
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account the internal partition, between the vestibule and the main operating zone of
the tent for the cold and hot period are shown in Table 2. Table 3 presents the values
of the thermal resistance of the air layers R, in the individual partitions of the tent
for the cold and hot period.

Table 2. The results of calculations of the thermal resistance R, and the heat transfer
coefficient of the vestibule (own study)

Vestibule thermal parameters Cold period Hot period
Thermal resistance Ry, m? - K/W 0.061 0.064
Thermal resistance Rr, m? - K/'W 0.212 0.205

Heat transfer coefficient U, W/(m? - K) 4.717 4.878

Table 3. Calculation results of the thermal resistance of air layers in the tent’s partitions

(own study)
Resistance to heat transfer
Air layer in the outer partition Cold period Hot period
m? - K/W
in the wall 0.182 0.141
in the roof 0.145 0.123

The determined values of the thermal resistance Ry and the heat transfer coeffi-
cient U of the external partitions of the heated or cooled tent zone are illustrated by
the results presented in Table 4, relevant for the cold and hot period.

Table 4. Results of calculations of thermal resistance Rr and heat transfer coefficient U,
external partitions of the tent (own study)

Thermal resistance R Heat transfer coefficient U
External Cold period |  Hot period Cold period |  Hot period
partitions p p p O" perio
m?- K/W W/(m? - K)
wall 0.353 0.298 2.833 3.356
roof 0.283 0.317 3.533 3.155
Conclusions

The tests presented in the article determined the value of the thermal emissivity
factor ¢ of the tent fabric on both sides. This factor has a significant impact on the
value of the heat transfer coefficient on the surface of the fabric. For the dark green
surface ¢ =0.98, and for the gray side & = 0.84. As a result of the thermal conductivity
test in a lammeter, the average value of the thermal conductivity coefficient 4 of the
tent fabric was 0.088 W/(m - K). The determined value of the thermal resistance of
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the air layers in the partitions of the tent (wall, roof), separately for the hot and cold
period, ranges from 0.123 to 0.182 m? - K/W. In turn, the specific value of the heat
transfer coefficient of the tent’s partitions for the cold period is 2.833 W/(m? - K) for
the wall and 3.533 W/(m? - K) for the tent roof. However, for the hot period, 3.356
and 3.155 W/(m? - K) were obtained respectively. The test results indicate a signifi-
cant importance of the thermal emissivity parameters of the tent fabric on the thermal
insulation value of the tent partitions and significant differences in the insulation
performance for the cold and hot period of operation of such facilities.
In further tests, it is possible to check other structural variants of the tent partition.
Such solutions could be: choosing a different thickness oftent fabric, changing
the thickness of the air gap, as well as choosing a different layer arrangement in the
building partition.
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