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The influence of ferromagnetic materials of three cylindrical structural steel cores and a spiral weave magnetic 
stainless-steel core on the efficiency of induction heating of the coolant in a low-temperature oppression heat pipe 

is investigated. Two cores were intended for use under the oppression layer, and two - behind the oppression layer 

made of stainless mesh without magnetic properties. The efficiency of induction heating using a cylindrical coil 

wound on the surface of the tube was studied. An experimental setup was assembled from a heat pipe, a cylindrical 
induction coil put on its lower part, a pulse generator, an amplifier, a power switch, a wattmeter, two thermocouples 

and a timer. Experiments have shown that at a low frequency of heat pipes with a vertical orientation, with a 

decrease in the wall thickness of the iron cylindrical core and an increase in its radius, the efficiency of induction 

heating increases. For heat pipes with arbitrary orientation in space, the highest efficiency of induction heating is 
provided by a cylindrical thin-walled single-layer core placed after the oppression layer. But the highest operational 

reliability and high efficiency of induction heating can be provided by a solid cylindrical core, or a spiral-weave 

core made of magnetic stainless steel AISI 430 or 439, wound on a heat-resistant plastic frame with holes for the 

coolant movement. The maximum radius and minimum mass of the core should provide the highest intensity of 
heating of the coolant per unit of time. 

Keywords: heat pipe, induction heating, core, coolant, frequency, power. 

Received 18 May 2024; Accepted 18 November 2024. 

Introduction 

Thermosiphons and oppressive heat pipes are highly 

efficient heat exchangers with very high thermal 

conductivity coefficients and minimal surface heating 

time [1,2]. Due to this, their surface has a minimal 

temperature difference along the entire length, which 

allows them to be used as elements for rapid heating of 

certain zones [3,4], temperature equalizers, elements for 

local heating [5], cooling [6], space heating [7,8], etc. 

Unlike thermosiphons, which operate effectively in a 

position close to vertical [2,9], heat pipes can operate 

effectively at any angle of inclination due to the presence 

of various types of oppressions [10-12] and working fluids 

[13-15], which significantly expands the areas of their 

application [16-19]. 

One of the promising applications of heat pipes may 

be their use as low-temperature heat sources for warming 

the human body. Most devices intended for this purpose 

(for example, heated blankets, electric blankets) are 

powered by a 220 V network, which makes their operation 

impossible during periods of power outages associated 

with the emergency state of energy facilities because of 

military operations. When the power is turned off, people 

use batteries and power banks, which can serve as energy 

sources for heating low-temperature heat pipes. 

Let's determine whether the power of these devices is 

sufficient to power the tubes. On average, a person 

consumes about 100 W of energy to maintain basic vital 

functions at rest. Let's assume that it is necessary to 

increase the body temperature by 1 °C. For an 

approximate calculation, we will use the well-known 

formula for calculating the amount of heat, where we 

assume that the body mass m = 80 kg, the average heat 

capacity of the body c = 3500 J/(kg °C), the change in 

temperature ΔT = 1 °C. Then the amount of heat 
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Q = 80∙3500∙1 = 28000 J. Converting joules into watts 

(where 1 W= 1 J/s), we get 280000 J/3600 s ≈ 77.8 W. 

Therefore, 7-8 heat pipes with a power of about 10 W 

can warm the average person. Considering that the heat 

pipes should be placed in a sleeping bag or other heat-

insulating material with low heat loss, this power may 

even be too much. That is, a medium-power 12 V battery 

or a powerful power bank will provide warming for a 

person for several hours, during which the power outage 

continues. To do this, it is necessary to develop a heat pipe 

with an effective coolant heating system and a simple and 

reliable control system. 

The temperature and efficiency of a heat pipe directly 

depend on the type of energy source connected to its lower 

end. The lower end of a heat pipe can be heated in different 

ways: by immersing it in a flow of heated liquid, by 

connecting a nichrome or ceramic heater to it, or by 

induction. The method of immersing the lower end of a 

heat pipe in a collector with a heated liquid flow ensures 

rapid heating and high efficiency of the tube due to almost 

complete heat transfer by the flow, but requires additional 

pipelines, a liquid heating system, a pump, and an 

electronic control system [20]. The heating method using 

a nichrome wire was highly efficient [21], but over time 

showed low reliability due to a change in the area of the 

electrical contact due to overheating and oxidation of 

nichrome. The heating method using a ceramic heater only 

requires an on/off system, but somewhat reduces the 

efficiency of the tube due to the presence of a multilayer 

structure through which the heat flow is transferred (heater 

– thermal paste – aluminum dampers – thermal paste – 

tube surface). The main disadvantages of the method are 

the need to control the power of each ceramic heater, a 

decrease in heat flow over time due to the gradual 

degradation of dampers and thermal paste, and low 

practical reliability of the heaters themselves [22]. 

The described methods involve external heating of the 

heat pipe, which results in a loss of a certain amount of 

heat from the source of dissipated energy into the 

environment. 

I. Elements of the theory 

In our opinion, heating the coolant directly inside the 

heat pipe using induction heating is promising [23,24]. 

Induction heating has many advantages. Firstly, by 

selecting the length and diameter of the induction coil 

wire, it is possible to set the required current, voltage and 

thermal power of the tube. Secondly, the coolant is heated 

directly inside the tube, which significantly increases the 

speed of temperature gained by the tube. Thirdly, the 

surface of the tube serves as a radiator for the induction 

coil and prevents it from overheating [25]. 

Induction heating of the lower end of a heat pipe can 

be achieved in two ways (Fig. 1): by installing a flat spiral 

coil at the end of the tube with a flat round core with 

ferromagnetic properties inside the tube opposite the coil 

(Fig. 1, a) and by installing a cylindrical coil at the bottom 

of the heat pipe with a cylindrical core made of magnetic 

material inside the tube (Fig. 1, b). 

 

 
а)    b) 

Fig. 1. Methods of using induction heating of the coolant 

in a heat pipe: а) using a flat coil, b) using a cylindrical 

coil. 

 

The first method (Fig. 1, a) is more effective, since the 

area of the flat round core is small and it has low thermal 

inertia, which leads to rapid heating of the coolant. 

However, its implementation encounters significant 

technical difficulties associated with the complexity of 

manufacturing and installing a very small flat spiral coil, 

high operating frequencies, the complexity of tuning 

resonant circuits, and the need for a complex small-sized 

control system. This requires additional intensive removal 

from the system elements, which significantly reduces its 

reliability. 

The implementation of the second method of 

induction heating of the coolant (Fig. 1, b) is technically 

more attractive, since it is quite simple to manufacture a 

cylindrical coil and core, and the operating frequencies of 

the coil can be low. This will not lead to heating of the 

control system elements, will simplify its design, will 

allow minimize the dimensions and increase reliability. 

This work is devoted to the study of the efficiency of 

induction heating using a cylindrical coil. 

II. Experiment 

2.1. Research Objects 

A copper heat pipe with a diameter of 18 mm, a wall 

thickness of 1 mm and a length of 50 cm was used for the 

research. A layer of wick made of stainless-steel mesh 

with a thickness of 1 mm was installed in the pipe. 

Separately, the heat pipe contained a sealed input in the 

upper part, through which the wires of the thermocouple 

were placed in it, which was installed at the level of the 

liquid – the coolant. 

The view of the lower part of the experimental tube 

with an induction coil is shown in Fig. 2. A single-layer 

cylindrical induction coil was wound on a two-layer 

insulating base (heat-resistant paint and a layer of 

thermally conductive paste) with copper wire of 0.25 mm 

in diameter. The coil had a diameter of 20 mm, a length of 

30 mm and was placed in the lower part of the 

experimental tube. A radiator with a power key for 

controlling the coil was placed near the coil on thermal 

insulators. 
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Fig. 2. View of the lower part of the experimental tube 

with an induction coil. 

 

To conduct the experiments, 4 cores were made of 

ferromagnetic steels without pronounced frequency 

properties, the parameters of which are given in Table 1. 

The appearance of the cores is shown in Fig. 3. Core 

1 is made of spiral weaving and placed in a heat-resistant 

plastic capsule with holes for the coolant movement. The 

other cores are cylindrical and made of sheet steel. Cores 

1 and 2 are intended for installation in heat pipes after the 

oppression layer. Cores 3 and 4 are intended for 

installation in thermosyphons without oppression or heat 

pipes under the oppression layer. Cores 1 and 2 are 

intended for thermosyphons and tubes with an orientation 

in space close to vertical, and cores 3 and 4 are for heat 

pipes with an arbitrary orientation. The calculation of 

hysteresis losses, Foucault currents and resonant losses 

was not performed, since the core materials do not have 

defined values of relative magnetic permeability and 

maximum induction. 

 

 
Fig. 3. External appearance of the cores used in the 

studies. 

 

2.2. Research methods 

The structural diagram of the experimental setup is 

shown in Fig. 4. 

To reduce the power of the set frequency by the pulse 

generator, an Arduino UNO microcontroller board was 

selected, into the final port of which the set frequency was 

entered from the PC keyboard via a USB cable. A 

rectangular signal of a fixed frequency comes from  pulse-

width modulation (PWM) output #9 of the microcontroller 

board. One signal amplitude of 5 was insufficient for 

normal operation of the power key on hollow transistors 

VT4. Therefore, a cascade with a fixed base flux on 

bipolar transistors VT1, resistors R1 – R3 and a 

decoupling capacitor C1 was used for connection. This 

cascade increased the signal to 10 V, but then reduced the 

number of pulses on the fronts. To form steep fronts and 

slopes of pulses, a Schmitt trigger on CMOS logic 

elements DD1, DD2 (microcircuit CD4001A) and 

resistors R5 is included. Resistor R4 is used to close the 

cascade on transistors VT1 with a Schmitt trigger. Parallel 

connection of elements DD3 and DD4 is used to combine 

the output of the Schmitt trigger with the cascade 

connection of the flux on transistors VT1, VT2. Resistor 

R8 is connected to the flow connection cascade with the 

power key VT4. Resistor R8 matches the output of the 

current amplification stage with the power key VT4. The 

load of this key is the inductance coil L1, to which the 

+12 V supply is supplied from the AC/DS converter. All 

amplifier stages are supplied with a stabilized voltage of 

+10 V from the same converter. The supply voltage of 

+5 V is supplied to the microcontroller board from the PC 

via a USB cable. Such a scheme of the experimental setup 

allows us to obtain a simple and reliable control system 

for the induction coil. 

The following measuring devices were used during 

the experiments. To control the power consumption of the 

signal amplifier and the inductance coil – the PW1 

wattmeter. To control the shape of the signal at the input 

of the VT1 power switch and on the L1 coil – the PS1 

oscilloscope. To control the temperature of the power 

switch – the ВК1 thermocouple with the PV2 

millivoltmeter. To control the temperature of the coolant 

inside the tube – the ВК2 thermocouple immersed in the 

coolant near its upper level and the PV1 millivoltmeter. 

To measure the temperature of the liquid phase of the 

coolant, a vacuum was not maintained in the middle of the 

heat pipe. 

The external appearance of the experimental setup is 

shown in Fig. 5. 

Table 1. 

Parameters of cores for the pilot plant. 

Core 

number 

Type of core Placement in 

the tube 

Diameter, 

mm 

Wall 

thickness, 

mm 

Length, 

mm 

Weight, 

g 

Material 

Core 1 
From spiral 

weaving 

After the 

wick layer 
13.4 - 38 2 

Stainless steel 

AISI 430 

Core 2 
Cylindrical thin-

walled 

After the 

wick layer 
13.4 0.35 38 2.7 

Structural 

steel B3 

Core 3 
Cylindrical thick-

walled 

Under the 

wick layer 
15.4 0.45 38 5 

Structural 

steel B3 

Core 4 
Cylindrical thick-

walled multilayer 

Under the 

wick layer 
15.4 0.45 38 15 

Structural 

steel B3 
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Fig. 5. General view of the experimental setup. 

 

The aim of the experiments was to identify the 

efficiency of induction heating of a certain volume of 

coolant by each of the cores at different frequencies of a 

unipolar rectangular signal. An octave series of 

frequencies was used: 63, 125, 250, 500, 1000, 2000, 

4000, 8000 Hz. The signal duty cycle was 50 %. 

To conduct the experiments, the experimental heat 

pipe was placed strictly vertically, one of the four cores 

was placed in it and 10 mg of distilled water was poured 

in, which serves as a coolant in copper heat pipes. The 

research process was divided into time intervals of 

15 minutes, during which every 30 seconds the change in 

the surface temperature of the coolant and the power 

consumption at each given frequency were recorded. 

Separately, every 5 minutes the temperature of the power 

key radiator was recorded. 

III. Research results 

The measurements were carried out at initial coolant 

temperatures of +25.5 ºС and ambient air temperature of 

23+1 ºС. The results of the studies are presented in Fig. 6. 

The nonlinear nature of the obtained curves is due to 

the influence of heat flows from the heated core to the 

coolant, from the coolant to the inner wall of the tube, 

from the inner wall of the tube to the outer wall, from the 

outer wall of the tube to the environment. In the first 

minutes of measurements, the coolant heats up quickly, 

and the cold wall of the tube at its location heats up slowly, 

so the intensity of heating of the coolant is the highest. 

Over time, due to the high thermal conductivity of copper, 

the heating area of the tube increases, which takes up more 

thermal energy of the coolant, because of which the 

intensity of its heating decreases. A further decrease in the 

intensity of heating of the coolant is due to an increase in 

heat exchange between the heated surface of the tube and 

the environment. 

As can be seen from Fig. 6, the highest efficiency of 

induction heating of the coolant by core 1 was observed at 

a frequency of 125 Hz, by core 2 – at a frequency of 63 Hz, 

by core 3 – at a frequency of 125 Hz, by core 4 – at a 

frequency of 250 Hz. In this case, the temperatures and 

intensities of heating of the coolant were different. In our 

opinion, this is primarily due to resonance phenomena that 

lead to a significant increase in currents in the core, which, 

accordingly, leads to its strong heating, as well as the 

shape of the coil excitation signal, since rectangular pulses 

contain harmonics that can cause resonances at certain 

frequencies. Thin-walled solid cores heat up faster due to 

a smaller thermal mass and have a higher rate of heat 

transfer to the coolant through a thin wall. Additional 

heating of the coil wire and core is caused by the supply 

of unipolar pulses to the coil. However, due to the low 

thermal resistance of the layers of electrical insulation of 

the coil, its wire did not heat up much, since most of the 

heat it released was absorbed by the surface of the 

experimental tube, dissipating it into the surrounding 

environment. 

The power consumption of the electric current by the 

coil when working with each core varied within narrow 

 
Fig. 4. Structural diagram of the experimental setup. 
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limits. For core 1, the maximum power was 11 W at a 

frequency of 125 Hz, the minimum was 8.7 W at a 

frequency of 8 kHz. For core 2, the maximum power was 

10.8 W at a frequency of 63 Hz, the minimum was 8.4 W 

at a frequency of 8 kHz. For core 3, the maximum power 

was 10.9 W at a frequency of 125 Hz, the minimum was 

8.7 W at a frequency of 8 kHz. For core 4, the maximum 

power was 11 W at a frequency of 250 Hz, the minimum 

was 8.9 W at a frequency of 8 kHz. The average power 

values at each frequency are given here, since they 

decreased as the coil warmed up and the resistance 

increased. 

Therefore, the maximum heating intensity for 1 min 

is (Fig. 7): core 1 – 1 ºС (counts 3-5), core 2 – 1 ºС (counts 

4-5), core 3 – 1.2 ºС (counts 3-4), core 4 – 0.9 ºС (counts 

4-5). Cores 1 and 4 have almost the same heating intensity 

 
 

a) b) 

 
 

c) d) 

Fig. 6. Results of the study of the efficiency of induction heating with different cores. 
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at resonant frequencies. At the same time, core 4 is 7.5 

times heavier than core 1, and the power consumption is 

almost the same – 11 W, which indicates that it is 

inappropriate to use heavy cores. 

 

 
Fig. 7. Maximum heating intensities of the cores. 

 

The graph of the power switch temperature change is 

not provided, since it practically did not heat up and only 

in the 8 kHz frequency zone a slight increase in 

temperature by 3 ºС was recorded. A separate experiment 

was conducted to control the heating of the power switch 

at frequencies of 16 and 32 kHz, which showed an 

increase in its temperature by 4 and 10 ºС. This showed 

that in the low-frequency zone the power switch can be 

used without a radiator. In addition, the heat pipe itself can 

serve as a radiator for the power switch, since its 

maximum permissible operating temperature (+150 ºC) is 

significantly higher than the maximum operating 

temperature of the heat pipe (+50 ºC). 

Conclusions 

As a result of the research, it was established that for 

heat pipes with orientation in space close to vertical, the 

highest temperature, the highest intensity of heating of the 

coolant, and, accordingly, the highest efficiency of 

induction heating is provided by a cylindrical single-layer 

core made of structural steel, located under the oppression 

layer at the walls of the tube. With a decrease in the wall 

thickness of the core, the efficiency of induction heating 

increases due to its low thermal inertia. Also, the 

efficiency of induction heating increases with an increase 

in the ratio of the area of the cylindrical core to its volume 

and an increase in the radius. 

For heat pipes with arbitrary orientation in space, high 

efficiency of induction heating is also provided by a 

cylindrical single-layer core made of structural steel, 

placed after the oppression layer. 

A spiral weave core made of ferromagnetic stainless 

steel provides lower efficiency of induction heating, but 

due to the uniform distribution of the coolant in the 

volume, it ensures its uniform evaporation and optimal 

operation of the heat pipe. In addition, such a core has high 

corrosion resistance, which significantly extends the 

service life of the heat pipe. Low efficiency of induction 

heating with a stainless-steel core is due to the fact that it 

is not solid but dispersed throughout the volume of the 

plastic capsule. 

In general, in our opinion, the highest operational 

reliability and high efficiency of induction heating of heat 

pipes with various orientations in space can be provided 

by a solid cylindrical core, or a spiral weave core made of 

magnetic stainless steel AISI 430 or 439, wound on a thin-

walled heat-resistant plastic with holes for the movement 

of the coolant. The maximum radius and minimum mass 

of the core should provide the highest intensity of heating 

of the coolant per unit of time. The authors plan to 

manufacture such cores in the future and study their real 

efficiency in copper and stainless-steel heat pipes. 
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Дослідження впливу осердя на ефективність індукційного нагрівання 

теплоносія низькотемпературної теплової трубки 

1Івано Франківський національний технічний університет нафти і газу, м. Івано-Франківськ, Україна, 

tetiana.mazur@nung.edu.ua  
2Університет Короля Данила, м. Івано-Франківськ, Україна 

Досліджено вплив феромагнітних матеріалів трьох осердь циліндричної форми з конструкційної сталі 

та осердя спірального плетення з магнітної нержавіючої сталі на ефективність індукційного нагрівання 

теплоносія у низькотемпературній гнітовій тепловій трубці. Два осердя призначались для використання під 

шаром гніту, а два – за шаром гніту з нержавіючої сітки без магнітних властивостей. Досліджувалась 
ефективність індукційного нагрівання за допомогою циліндричної котушки, намотаної на поверхню 

трубки. Зібрано експериментальну установку з теплової трубки, надітої на її нижню частину циліндричної 

індукційної котушки, генератора імпульсів, підсилювача, силового ключа, ватметра, двох термопар та 

таймера. Експерименти показали, що на низькій частоті для теплових трубок з вертикальною орієнтацією 
зі зменшенням товщини стінки залізного циліндричного осердя та збільшенні його радіусу ефективність 

індукційного нагріву зростає. Для теплових трубок з довільною орієнтацією у просторі найвищу 

ефективність індукційного нагрівання забезпечує циліндричне тонкостінне одношарове осердя, розміщене 

після шару гніту. Але найвищу надійність експлуатації та високу ефективність індукційного нагрівання 
здатні забезпечити суцільне циліндричне осердя, або осердя спірального плетення з магнітної нержавіючої 

сталі AISI 430, чи 439, намотане на термостійкий пластмасовий каркас з отворами для руху теплоносія. 

Максимальний радіус та мінімальна маса осердя повинні забезпечити найвищу інтенсивність нагрівання 

теплоносія за одиницю часу. 
Ключові слова: теплова трубка, індукційне нагрівання, осердя, теплоносій, частота, потужність. 
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