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A LOW-PRESSURE STEAM ELECTRIC HEATER AS THE BASIS OF A NEW
GENERATION AUTONOMOUS HEATING SYSTEM

Abstract. The article is dealing with studying an electric vacuum heater and a low-
pressure steam electric heater developed on its basis. A low-pressure steam electric heater can be
the basis of a new generation autonomous heating system. Prototypes of a low-pressure steam
electric heater with an automatic control system for its operation modes have been developed.
The prototype power is 600, 800, 1000 W. Reliability of the electric vacuum heater has been
tested empirically. A low-pressure steam electric heater combines the efficiency of an electric
coil and the comfort of heat from a traditional central heating radiator without the drawbacks of
oil-filled electric radiators and is a reliable, fireproof electric heater.
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Introduction.

A low-pressure steam electric heater (LPSEH) is a thermal device designed to build
autonomous heat supply systems of a new generation with an automated control system for
operating modes. The heating device is controlled manually using an automatic room
temperature control system or remotely with the use of a smartphone. LPSEH can be used to
build completely autonomous electrical heating systems, in which pipelines will be completely
absent.

In the last century, the Nuaro Company [1] developed and launched the mass production
of spiral EHs. It turned out to be a fairly reliable and efficient design. About 90 years ago, an oil
EH was developed in Europe, in which a spiral tubular electric heater was placed in oil in a
sealed housing. A little later, the first infrared heaters were developed that were used both in
everyday life and in production. Each of them has its own advantages and disadvantages that
have already been described earlier [2].

In Kazakhstan, EHs are not practically produced, they are mostly exported from China.
Taking into account the significant experience in the production and development of EHSs, an
own design of the EH was developed that was different from the existing analogues. It combines
a number of advantages of spiral EHs and heating radiators of central heating systems. A LPSEH
is capable of operating in the mode of convective, radiant-convective or radiant heat transfer,
which expands the scope of its use.

In this connection, research is needed on providing of developing a new generation EH.
The object can be a low-pressure electric steam heater (LPSEH). This EH combines the
advantages of electric spiral, convector and oil electric heaters into a single whole [3]. The work
basis of the proposed LPSEH is the capillary effect used in modern heat pipes. LPSEH is highly
efficient and develops comfortable heat for a person. The LPSEH developed based on the
materials presented in [4]. The LPSEH is fully automated. It is possible to combine it with the
Smart Home system [3]. Adjustment of operating modes is possible using a remote control or a
smartphone. Using the previously obtained results of studying heat pipes [5, 6], the design of the
LPSEH electric vacuum heater has been developed that was presented earlier and described in
detail in [7]. The heating temperature of its surfaces was selected taking into account
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recommendations [8]. Analyzing the trends of developing energy saving systems for heat supply
of buildings and small settlements [9, 10], the trends of developing and using LPSEHs have been
formulated. The article contains well-known theoretical information in the field of heat
engineering and heat transfer [5, 6]. When forming the concept of using LPSEHSs in tubeless
heating systems, the accumulated materials in the field of operation of heat networks and
updated autonomous energy-saving heating systems based on a vapor-drop heater [11] have been
used.

Materials and methods.

The object of study is a LPSEH section weighing 346 and 434 grams. The sections are
made identical in design and differ only in the length of the body [11, 12]. The sections are in the
vertical position. The diagram of the experiments is shown in Figure 1.
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1 — adjustable power supply, 2 — heating element, 3 — coolant, 4 — heat pipe housing, 5 — air
evacuation tube, 6 — valve, 7 — rubber hose, 8 — vacuum control device, 9 — vacuum pump,
temperature measuring instrument

Figure 1 - The diagram of the studies carried out

An adjustable power supply was used in the experiments. The source is connected to AC
220V. A heating element is used to heat the coolant. The heat source for heating the coolant is an
electric nichrome spiral. Distilled water has been used as a heat carrier. The electric current,
passing in a spiral, heats the coolant, which turns from a liquid state into steam. The heat carrier
moves from the lower part of the heat tube body rises to the upper part. In this case, the walls of
the tube are heated, in the upper part the steam condenses and flows down the walls of the tube,
where it heats up again and evaporates again. The process of phase transition and operation of
the known heat pipe is described in [11,12]. The electric spiral of the heating element is located
in a completely hermetic housing made of copper tube and does not come into contact with the
coolant. Before the experiments, air is pumped out of the tube and a vacuum is created in the
range from 9 to 10 kPa (0.09-0.1 Atm), then an insignificant volume of coolant is placed inside
in the range of 10-15 ml. A tube and a valve are used to pump out the air. A vane pump DUO
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6/M has been used to evacuate air and to produce vacuum. The temperature has been controlled
using two temperature sensors connected to a 4-channel digital thermometer HT-9815 (Xintest,
China).

Results and discussion.

Taking into account the shortcomings of the above electric heaters, a fundamentally new
EH design has been developed that is distinguished by high reliability and safety (Figure 2). The
fundamental difference between the LPSEH and the traditional oil electric heater is the use of an
independent electric vacuum tube with fins, inside which a nichrome spiral electric heater is
placed that does not come into contact with air and internal coolant [2, 3].

In sources [11,12] one can get acquainted with the principle of operation of the LPSEH.
Distilled water is used as a heat carrier. It has undergone preliminary preparation in a deaerator
and a magnetic resonator. Inside the electric vacuum tube, pressure is developed in the range of
0.03-0.01 atm. The higher the rarefaction of the atmosphere in the inner cavity of the tube, the
more efficient the operation of the EH. At specified pressure, conditions are provided for
obtaining steam at the temperature of lower than 20 °C.

Figure 2 - The appearance of the LPSEH prototype

When the electric heater is turned on, the work surfaces heat up quickly. Therefore, there
are sufficiently high requirements for the tightness of the heat pipe in order to prevent the
violation of vacuolization.

The LPSEH section is cast of a duralumin alloy (density 2800 kg/m® and thermal
conductivity 120 W/ (m-deg). The operation of the tube is based on the phase transition of water
from the liquid to the gaseous state; in the upper part condensation occurs and the condensate of
water vapor returns to the heating zone. The heating element is made of nichrome wire wound in
the form of a spiral. Good cooling provides it with a long service life. The maximum working
temperature of the LPSEH section does not exceed 70 °C. This temperature complies with the
hygienic standards provided by traditional central heating systems, which develops comfortable
heat and does not lead to the combustion of dust (it creates an unpleasant smell in the room). The
LPSEH consists of separate sections of electrovacuum heaters with the power of 100-300 W that
are assembled into one common EH depending on the area of the heated room and the prevailing
demand. The electric heater is at the bottom of the tube base. The coolant heats up and turns into
steam that rises up to the top, transferring heat from the base to the top. This helps to achieve a
rapid heating effect of each tube and the movement of thermal particles at the speed of sound.
The LPSEH is equipped with a climate control system that allows operating more efficiently and
reducing energy costs. The LPSEH requires an electrical network with voltage of 12 to 380 V of
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any kind of current. It can also be connected to the DC network of solar modules [12]. The
LPSEH consists of separate sections that are assembled into a single radiator depending on the
required power, in the ratio of 1 section (100 W) per 1.2-1.7 m? of the room area. Accordingly,
an EH with the power of 1000 W is able to heat an area of 12 m?.

A fundamentally new LPSEH design provides zero probability of the flow path wear and
the occurrence of leakage, defrosting, airing, corrosion and clogging of the flow path. LPSEH
does not have moving and rotating parts, circulation pumps, air locks and process water as in
heating radiators. It has a fairly high efficiency of more than 90%, since it is based on an electric
spiral. The heating time of the working surface is up to 5 times shorter than that of an oil cooler.
LPSEH is up to 1.3-1.4 times more economical than the existing oil electric heaters due to design
solutions and the use of an electronic operating mode control system.

Figure 3 shows a sketch of the LPSEH section that helps to understand the design of this
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Figure 3 - A sketch of the LPSEH section

The LPSEH climate control system control unit allows operating more efficiently and
reducing energy costs. This unit has been developed based on the existing temperature controller
made in China. The body is made using a 3D printer. The power supply is based on a DC12V
network adapter. The temperature control step is 0.1 °C, and the control range is from 15 to 30
°C, which makes it possible to adjust to any indoor temperature. The unit has the ability to be
connected to a remote or wireless control system. The use of an additional WI-FI range
communication module allows coordinating the LPSEH with any mobile devices and computers.
For work, a standard utility is used that allows turning your smartphone into a remote control.
All the electric heaters can be controlled remotely at the same time. The switching capacity of
the control unit is 10 A, while its cost lies in the range of 5-6 US dollars. If needed, there can be
used a controller with a switching capacity twice as large. At the same time, its cost will be in the
range of 10-12 US dollars. The cost of this system is several times lower than that of analogues
sold in the market for controlling the temperature of heaters.

477



Ka3KKA Xaoapubicel Ne 5 (128), 2023 ISSN 1609-1817 (Print) The Bulletin of KazATC
Bectnuk KazATK Ne 5 (128), 2023 ISSN 2790-5802 (Online) DOI 10.52167/1609-1817
vestnik.alt.edu.kz

Figure 4 shows a photograph of the LPSEH climate control system control unit. On the
front panel there are three eight-segment temperature indicators and control buttons. When the
temperature drops below the set value, the EH automatically turns on and the green indicator
lights up, which shows the output operation.

Figure 4 - The LPSEH climate control system control unit

If the temperature in the room rises above the set point, the controller disconnects the
electrical load and the red LED lights up, while the control unit does not turn off but is in
standby mode. To measure the temperature, a semiconductor sensor is used that is connected to
the analog ports of the microcontroller. The sensor is located outside the control unit housing.

To explain the location of the main elements of the control unit, an explanatory diagram
is presented in Figure 5.

1 — mains plug for connection to AC 220 V, 2 — power cord,
3 — control and navigation buttons, 4 — three eight-segment temperature indicators,
5 — load on indicator, 6 — load off indicator, 7 — control unit housing,
8 — temperature sensor, 9 — power cord for EH connection, 10 — network adapter for EH
connection.

Figure 5 - The elements of the LPSEH control unit

The Microsoft Excel tools have been used to process the experimental data, the graphs
show the limits of measurement errors, a trend line has been built, and equations for
approximating dependence curves have been given. A regression analysis has also been
performed. For the theoretical study, the mathematical apparatus of the theory of convective heat
and mass transfer has been used. Initially, theoretical studies of the process of heat transfer along
the tube wall and a liquid-saturated wick have been carried out using the Fourier transform.

The results of the experiments are shown in Figures 6 and 7. The volume of the coolant
has been varied and amounted to 10 ml and 15 ml, the power supplied to the electric coil has
been 80 W. The temperature in the room at the time of the experiments has been 24 °C.
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Figure 6 - The heating time dependence of the LPSEH section weighing 346 grams with
the heat carrier volume of 10 and 15 ml
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Figure 7 - The heating time dependence of the LPSEH section weighing 434 grams with
the heat carrier volume of 10 and 15 ml

Increasing the weight of the LPSEH section from 346 to 434 grams has led to decreasing
the temperature of the working surfaces, and with the section weight of 600 grams, its surface
temperature will be about 100 °C, with the heater power of 80 W. The volume of the coolant
affects the heating efficiency, the highest performance has been achieved with the volume of 13
ml, but with increasing the volume over 15 ml, a gradual decrease in temperature begins. With
the coolant volume of 20 ml, the heating performance will decrease by 4 %. The pressure inside
the vacuum tube is important. At the pressure of 5 kPa (0.05 atm) a heat pipe with the input
power of 80 W and the mass of 310 grams can heat up to 235 °C. Reducing the pressure inside
the tube of the electric vacuum heater will increase its efficiency.
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Conclusion.

Four prototypes of LPSEHs with an automatic control system for its operation modes
have been developed. The power of the samples has been 600, 800, 1000 W of various
configurations. Reliability of the electric vacuum heater has been tested experimentally. One of
the 800 W samples has been in the working condition for two years and four months, while all
the sections remained operational.

The obtained technical indicators of EO will ensure the effective operation of LPSEH for
20 years at an efficiency of 90%. LPSEH provides two modes of heat exchange — convection-
radiant and radiant.

LPSEHSs can be attributed to a new generation EH that combines the efficiency of an
electric coil and the comfort of heat received from a traditional heating radiator of the central
heating system. LPSEH does not have the disadvantages of oil-filled electric radiators, it is a
reliable, fireproof EH. It can be integrated into the "Smart Home" system that is gradually
entering our lives and will become an integral part of everyday life in the near future.

Using the LPSEH technology, in the future it is possible to transit to pipeless electric
heating systems.

Despite the scientific work done, LPSEHSs require further comprehensive research in
order to find more effective technical solutions, especially in the field of maintaining vacuum
inside of the tube, as well as developing its production technology.
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’KAHA BYBIH ABTOHOM/IbI KbLJIBITY )KYWECIHIH HET'131 PETIHJIE TOMEH
KbICBIM/bI BY 2JIEKTP KbIJIBITKbILIbI

Angarna. Makana 37eKTp BaKyyMJbBIK >KbUIBITKBIIITHI )KOHE OHBIH HET131HJIE YKacaJlFaH
TOMEH KbICBIMIIbI Oy 3JIEKTP >KbUIBITKBIIIBIH 3€pTT€yre apHayiraH. TeMeH KbIChIMJIbI Oy 3JIEKTp
KBUIBITKBIIIBI ABTOHOMJbI KaHa OybIH JKbUIBITY KYHeciHIH Herisi Ooina amaapl. JKymbic
peXUMIEPIH aBTOMATThl Oackapy ’kyileci 6ap TOMEH KbICHIMABI Oy AJIEKTP *BUIBITKBIIIBIHBIH
ToXipuOenik yaruviepi xacanasl. YiaruiepaiH Kyatel 600, 800, 1000 Bart Gonapl. DnexTp
BAKYYMJIBIK >KbUIBITKBIIITHIH CEHIMIUIIIT TKIPpUOE *KY31HAE ChIHAIABL. TeMeH KbIChIMAbl Oy
ANIEKTP S KBUIBITKBIMIBI 3JIEKTPIIK CHUPAIbAbIH THIMIUIINT MEH OpTAIbIK JKbUIY >KYHECiHIH
JOCTYPIIl KBUIBITY paAMaTOPbIHAH aJIbIHFAH >KbUTYABIH JKAMJIbUIBIFBIH YHJIECTIpeai, COHbIMEH
Katap Mai dJIEKTP paAraToOpJIapbIHBIH KEMIIUTIKTEP] KOK JKOHE CEHIMI, OTKAa TO3IMJi JJIEKTpP
MKBUTBITKBIIIBI O0JIBITT TAOBLIAIbI.

Ty#inai ce3zgep. KbulbITYy paguaTophl, 3JEKTP >KbUIBITKBINI, JKbUTYMEH >XKaOAbIKTay
XKy#ecl, SHeprust THIMIUTITL.
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MAPOBOM JIEKTPOOBOI'PEBATEJIb HU3KOI'O JTABJIEHHS KAK OCHOBA
ABTOHOMHOM CUCTEMBI OTOILTEHAA HOBOI'O ITIOKOJIEHU A

AHHoTanus. CraTbs NOCBALICHA HCCIEIOBAHUIO NIEKTPOBAKYYMHOI'O HarpeBarens U
CO3/IaHHOTO Ha €ro OCHOBE IapoBOr0 3JIEKTpooOorpeBaresist HU3KOro namieHus. llapoBoit
3JIEKTPOOOOrpeBaTeslb HU3KOIO JaBJIEHUS MOXKET OBITh OCHOBOM aBTOHOMHOM CHCTEMBbI
OTOIUIEHUsI HOBOTO MokoJieHus.. Co37aHbl ONbITHbIE 00pa3lbl MapoOBOI0 3JIEKTPOOOOIrpeBaTess
HU3KOTO JaBJCHHS C aBTOMAaTUYECKOM CHCTEMOM yIIpaBlieHHs peXUMaMH €ero paloThl.
MoutHocTs 00pasuoB coctaBuina 600, 800, 1000 Br. HangexHOCTb 351€KTPOBAKYYMHOTO
HarpeBartessi Obula IMpOBEpPEeHa ONBITHBIM myTeM. IlapoBoil snexTpooOorpeBaresb HHU3KOTO
JaBlieHUsl coyeTaeT B ce0e 3(h(EeKTUBHOCTD IEKTPUUECKON cHUpand U KOMPOPTHOCTh TEIIa,
MIOJIyYEHHOTO  OT  TPAJULUOHHOTO  pajuaropa  OTOIUIEHUS  LEHTPAJIBHOM  CHUCTEMBI
TEIUIOCHA0KEHUS, IPH 3TOM OH HE MMEET HEJOCTATKOB MAaCJISIHBIX 3JIEKTPUUECKUX PaUaTOpPOB U
SBIISICTCS HAJEKHBIM, I105KapoOE30MaCHBIM JIEKTPOOOOT peBaTEIEM.

KawueBble ciaoBa. Pammatop  oTOIUIeHMs,  3JEKTpooOOrpeBaTesb,  CUCTEMa
TETIOCHA0KEH U, YHEPro3(ppeKTHBHOCTS.
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