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INVESTIGATION OF THE USE OF A HEATER WITH A CARBON FIBER HEAT-
GENERATING FLEXIBLE MATERIAL AND A SOLAR STATION

Abstract. In remote areas, the premises of mobile dwellings are heated by traditional fuel
stoves. This includes mobile homes for farmers and field workers.

However, a problem with the fuel supply may arise when the mobile home is located at a
significant distance from the settlement.

Thus, it is possible to use solar energy for heating mobile homes. For space heating, a
study was conducted using a heater with carbon fiber heat-generating flexible material and a
solar station. Solar energy is used to generate electricity, which will be used to power the heating
element. The aim of the study is to develop and implement a heating system using solar energy
for mobile dwellings of workers in transhumance and crop production.

This space heating system is recommended for use on cool summer days and for heating
in winter as an addition to the main traditional heating.

For further research, it is necessary to search for other heating devices with lower power
consumption, the best option would be consumption in the range of 100 - 200 W. There is also
the issue of upgrading solar stations to generate electricity on cloudy days.

Keywords. Premises, alternative energy source, solar energy, carbon fiber heat-
generating flexible material, heating, farmer’s house

Introduction.

The number of buildings and structures around the world, as well as in Kazakhstan,
switch to alternative energy sources every year, because the cost of standard energy resources is
growing, as well as the fact that their use in most cases is harmful to the environment. that is why
the integration and use of solar energy in all regions of our country is growing exponentially.
Solar power plants are installed to provide electricity to residential and non-residential buildings,
as well as to use solar energy in various industries [1].

In arid regions, a solar distiller can be used to produce drinking water, which makes it
possible to produce water at a low cost. To increase the distillate from the solar distiller, beakers
with metal fins filled with wax are used [2].

Renewable energy is suitable for heating. The possibility of improving the internal
climate of a greenhouse with the help of a solar heating system with heat storage has been
studied [3].

Various stoves are used in mobile dwellings for workers in transhumance and crop
production. The problem of providing fuel can arise when the mobile home is located at a
considerable distance from the settlement. Thus, the prospect for mobile dwellings for
transhumance and crop production workers is solar energy. Solar energy has advantages - it is a
safe and clean source of heat for humans and the environment, which does not require the use of
traditional fuels.

Solar energy can be used to generate electricity that will be used to power the heating
element.

The aim of the study is to develop and implement a heating system using solar energy for
mobile dwellings of workers in transhumance and crop production.
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Materials and method.

The development of highly efficient heating products with a high heating rate and stable
heat release is still a challenge at this time. During the study, the works of other scientists were
previously studied.

With a two-channel system of solar thermal storage walls, it is possible to reduce the
cooling load throughout the day in summer and the heating load in winter [4].

By consuming the energy of super-energy fossil fuels, the comfort of the Passive Rhythm
at Home (PSH) can be improved. At present, the solar energy absorbed by the outer walls is used
inefficiently. This happens with the advent of FGHP, which is a house combined with the
phenomenon of heat pipes with gravitational ejection [5].

For distributed heating of buildings, solar energy and stored electrical heat is a promising
energy-saving technology. Through prototype experiments and numerical evaluations in
buildings in use, the energy-saving characteristics of this technology have been extensively
investigated. A feasibility study for an electrical heat storage system combined with solar energy
was carried out in a 2,000 m2 three-storey office building in Tianjin, China. In order to predict
the heat gain of a solar collector, it is necessary to adjust the amount of heat stored by the storage
device in the long term. The results of studies in the range of 50—150 °C showed that the unit
cost of operating this system during the entire heating season was 15.6 yuan (yuan)/m2/season.
Savings on heating costs through the use of a distributed system of clean heating of buildings
compared to centralized heating amounted to 61%. The use of electricity storage and solar
energy for heat distribution in distributed heating of buildings has great potential [6].

A solar water heating system (SWH) is an environmentally friendly way to produce
domestic and commercial hot water. The use of a carrier reduces the need for a booster unit for
intermittent solar radiation. The study combines a device using a novel tritriacontane paraffin
(solid-liquid PCM). The results showed an increase in the temperature of the fins up to 45%
based on PCM [7].

Power supply using solar concentrating collectors, photovoltaic cells, double acting is
applicable for buildings in winter and summer. At the same time, the savings in energy and costs
in the hospital were 73.3% and 64.2%, respectively, the efficiency was from 1.22 to 1.65 in the
heating mode [8].

After having studied all the arguments, a heater with a carbon fiber heat-generating
flexible material was chosen. The basic principle of the device: radiation of long-wave infrared
heat rays, which heat the surface of any object. Polymer film (polyester) with high dielectric
properties is used in the manufacture of the product. It is heat-resistant and perfectly conducts
infrared heat. Carbon (coal) paste is applied to a polymer film with a technological accuracy of
less than 1 micron.

A solar station and a heater with a carbon heat-generating flexible material were installed
in the trailer modular farmer's house with overall dimensions of 5000x2500x2200 mm (length x
width x height), the walls of the house are made of basalt-based sandwich panels, 50 mm thick.
The module frame is made of metal from a profile pipe 50x50x3 mm. Floor was made from a
profile pipe 120x60x4, covering with a metal sheet - 2 mm, insulation 50 mm thick, OSB-12 mm
panel (double layer), linoleum. The roof is made of basalt-based sandwich panels. The house is
equipped with a solid fuel heating stove with a power of 8 kW.

Results and Discussion.

The farmer's house was equipped with 4 solar panels with a capacity of 400 W, 4
batteries with a capacity of 120 A h, and one carbon heat-releasing flexible material heater
(Figures 1 and 2).

The heating system was also equipped with a day-night sensor and a battery heating
system. The day-night sensor turns off the heater at night. Battery heating system ensures normal
temperature conditions for battery operation.
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Figure 1 - Farmer's house with heating system installed
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Figure 2 - Wiring diagram for connecting individual elements in the heating system
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Studies of the operation of the heating system installed in the farmer's house were carried
out in June and October 2021 (from October 1 to October 17). During the operation of this
heating system in June, the daylight illumination value varied from 64*103 lux to 108*103 lux,
depending on the time of day on sunny days (Figure 3); at the beginning of October - from
20*103 lux to 99*103 lux (Figure 4).
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Figure 3 - The value of daylight illumination in June
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Figure 4 - The value of daylight illumination in October

Sunny days were observed in Kostanay in June: 57% were sunny days, 30% cloudy days,
13% grey days [9]; in the beginning of October - 12% were sunny days, 59% cloudy days, 29%
grey days [10].

The highest daily temperature in June 2021 was 33°C while the minimum night
temperature dropped to 7°C. Average daytime and nighttime temperatures during June were
23.3° C and 15.5° C, respectively. The highest daily temperature in October was 15°C while the
minimum night temperature dropped to -4°C. Average daytime and nighttime temperatures in
October were 10°C and 2.5°C, respectively.

The average wind force in June was 4.1 m/s; at the beginning of October - 5 m/s.

The average daily sunshine in Kostanay in June was 11.9 hours and 5 hours at the
beginning of October.
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On average, the heater with a carbon fiber heat-generating flexible material consumed
672 W of energy in the process (Figure 5); the maximum heating temperature was 870C on
average (Figure 6).
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Figure 6 - Changing the heating temperature of a heater with carbon heat-generating flexible
material

Changes in ambient temperature in October and indoors temperature of farmer's house
are shown in Figure 7.
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Figure 7 - Changes of ambient and indoor temperature
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Conclusion.

Studies have shown that the proposed heating system for residential premises is efficient.
It is recommended to use this room heating system on cool summer days and in the autumn-
spring period to heat rooms of a small area, or in winter as an addition to the main traditional
heating because the energy consumption of a heater with a carbon fiber heat-generating flexible
material is 600-700 W. A solar station with a power of at least 1600 W is needed to provide such
power, which affects the increased cost of all equipment.

The amount of electricity generated by a solar station directly depends on three factors.
The sun emits more energy during the day, and sunny days are needed to generate as much
electrical energy as possible. In addition, the number of panels that need to be installed to obtain
a certain power directly depends on the geographic location. Because there is no sunlight at
night, as well as on cloudy and rainy days, solar energy cannot serve as the main source of
electricity.

The problem is the storage of the generated electricity, as the price of batteries is very
high. The consumer receives energy from batteries, which is accumulated due to generation at
solar stations. Batteries are quickly discharged during prolonged use and if not sufficiently
charged. To prolong battery life, it is very important to avoid deep discharge. the use of
discharged batteries leads to their frequent replacement. The depth of discharge is expressed as a
percentage of the nominal capacity of the battery. It must be limited within 30-40%, which is
achieved by disconnecting the load.

For further research, it is necessary to search for other heating devices with lower energy
consumption, the best option would be a consumption in the range of 100 - 200 W There is also
the question of modernizing solar stations in order to generate electricity on cloudy days.

To track the maximum output power and efficiency of a photovoltaic system, a method is
used to track the maximum power point that provides the most power at the operating load [11].
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KAPBOH/JbI )XbILJ1Y BOJIETIH UIVIT'TIIHI MATEPUAJITAPBI BAP
KBIIBITKBIIITHI ’)KoHE KYH CTAHIIUACBIH KOJIJAHY IbI 3BEPTTEY

Angarna. AnbicTarbl 0OBEKTUIEpE Yil-Kalaap/ bl XKbUIBITY AICTYPIl OTBIHMEH IEUINeH
XKypriziteni. byran otapibl Man mapyambUIbIFBl MEH €TiH IIapyallblIbIFbl KbI3METKEPJIEPIHIH
MOOWIIBII yil-)Kalmaphl skatafpl. Anaifa enii MEKeHIEpIeH eAdyip ajbiCTaFaH Ke3le OTBIH
KeTKizyae mnpobnemanap TybiHAAWAbl. COHIBIKTAH MOOWUIBII TYPFBIH YW1 JKBUIBITY YIIiH
O0anmamanbl SHEpPrusHbl MaljJanaHy Mocejeci TybIHAAWIbl. YH-KaliapAbl KbUIBITY YIIH
KapOOH/IbI KbLTy OOJIeTIH MUITIII MaTepual MEH KYH CTaHCachl 0ap >KbUIBITKBIIITHI Maligaiany
apKpUIbl  3epTTey Kyprisuiai. KyH SHEprusicel KbI3[bIPy O3JIEMEHTIH KOpPEKTEHAIpY YIIiH
naiganaHbUIaThIH AJIEKTP YHEPTUSICHIH OHIPY YIIiH Mai/1aTaHbUTa Ibl.

3epTTeyaiH MakcaThl OTapibl Mall MIAPYallbUIBIFBl KOHE €riH IapyalllbUIbIFbI
KbI3METKepJIepiHiH MOOWIIB1 TYPFBIH Yi-’Kalaaphl YIIIH KYH SHEPTHACHIH MaiifajgaHa OTBIPHIIL,
KBUIBITY JKYMECIH a3ipyiey *oHE €Hri3y OOJbIll TaObuIafbl. Y H-Kailmapasl >KbUIBITYIBIH Oyl
KYHecl CaJKbIH Ka3Fbl KYHJAEpl MaijanaHy YIIiH jKOHE HETI3r1 AJCTYPJIl JKbUIBITYyFa KOCBIMIIA
pEeTiHIe KBICTA KBUIBITY YIIIH YChIHBUTAABI. OfaH opi 3epTTeynep YIIiH TYTHIHBUIATHIH KyaThl a3
0acka KBUIBITY aclanTapblH 137Iey KaxeT, oHTainel Hycka 100 - 200 BT aykpIMbIHIA TYTBIHY
6onanpl. CoHpail-ak OYJITTBI KYHAEpI DJEKTP SHEPTUACHIH OHAIPY YIIIH KYH CTaHIUSIapbIH
KAHFBIPTY MaceNeci Typ.

Tyitinai ce3nep. Yii-kaiinap, Oanamanbl SHEprus Ke3i, KYH OSHEpPIHsCHI, KeMIpTeri
TaJIIIBIKTAPbIH KbUTY 06JIETIH MUITII MaTepHall, KbUIbITY, pepMmep Yii.
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HCCJIEJOBAHUE TIPUMEHEHUA OBOT'PEBATEJISI C KAPBOHOBBIM
TEIJIOBBIAEJIAOINUM I'NBKUM MATEPUAJIOM U COJTHEYHOU CTAHLIUH

AnHHoTanus. Ha ynaneHHbIX oObekTax OOOrpeB MOMEIIEHUN NMPOU3BOJAAT IE€YaMu Ha
TpaauUMOHHOM ToruBe. CioJja OTHOCSTCS MOOWIIbHBIE MOMEIIEeHUs PAaOOTHUKOB OTTOHHOIO
KUBOTHOBOJICTBA M TMosieBoACTBA. OJHAKO MpH 3HAUYUTEIHHOM YAAJEHHU OT HACEJICHHOIO
MyHKTa BO3HUKAIOT MpoOieMbl ¢ mocTaBkod TommuBa. [loaTomy BO3HHKaeT Bompoc 00
WCIOJIb30BAHNN aJbTEPHATUBHOM SHEPruu JUIsl OTOIUIEHUS MOOWIIBHOIO KUJIOTO MOMEIIECHUS.
Jliis oOorpeBa nmomenieHuit OblI0 MPOBEIEHO MCCIIE0BAHNE C HCIOIb30BAaHUEM 000TpEBATENS C
KapOOHOBBIM TEIUIOBBIIEISIIOIIMM THOKUM MaTepuanoM M cojgHeuyHol craHuuu. CoiHeuyHas
SHEPIUs MCIOJIB3YeTCs Ul BBIPAOOTKM 3JIEKTPOIHEPTHH, KOTOpask UCHOIb3YeTCs JUIl MUTAaHUS
HarpeBaTeJIbHOIO 3JIEMEHTA.

enbto uccnenoBaHus sABIsETCA pa3pabOoTKa U BHEAPEHHE CHCTEMBbl OTOIUICHUS C
UCIOJb30BAHUEM COJIHEYHOM DSHEPruM JUlsi MOOWIIBHBIX KHJIBIX TIOMEIIEHHH pabOTHUKOB
OTTOHHOTO JKMBOTHOBOJCTBA U IIOJIEBOJCTBA. OJTa CHCTEMa OTOIUICHUS MOMELIEHUI
PEKOMEHyeTCs Ul MCIIOJIb30BaHMs B MPOXJIAJHbIE JIETHHE JHU WM JJs OTOIJIEHHS 3MMOH B
KayecTBE [JIOMOJIHEHUS K OCHOBHOMY TpPaJMLMOHHOMY OTOIUIeHUto. [l  JanpHedmumx
UCCIIeIOBaHUI HEOOXOIUM MOMCK APYrHMX OTONUTENIBHBIX IPUOOPOB C MEHbIIEH NOTpedIsieMoi
MOIITHOCTHIO, ONITUMAJIBLHBIM BapuaHTOM OygeT notpedienue B nuanazone 100 — 200 Br. Taxke
CTOUT BONPOC MOJEPHHU3ALMM COJHEUYHBIX CTAaHUUN [UIi BBIPAOOTKU 3JIEKTPOIHEPIHMHU B
IIaCMYpPHBIE THH.

KaroueBbie cioBa. HOMGH_[CHI/ISI, aJ'ILTepHaTPIBHbIﬁ HCTOYHHUK OHCPIrur, COJIHCUHAA
QHCPIui, TCHJIOBBII[GJ'IHIOH_II/Iﬁ YHIIEPpOAHBIC BOJIOKHA THOKUH MaTtceprajl, OTOIICHHUC, I0M

bepmepa.
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