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INVESTIGATION OF THE PARAMETERS INFLUENCE OF A CYLINDRICAL
INDUCTOR WITH TWO-LAYER INWALL ON ITS TEMPERATURE

Abstract. The thermal state of a cylindrical inductor with a two-layer inwall was investigated: the
inwall temperature of the inductor for 12 pairs of heat-insulating materials of the inwall layers
was calculated, and the influence of changes in the thicknesses of inner and outer inwall layers
for fireclay-asbestos pair on the inwall temperature.
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Introduction. Heating of details in inductors at the expense of radiation en-
ergy is widely applied in many technological lines of the industry mainly due to the
high heating rate and non-contact method of energy transfer. However, for efficient
use of induction heaters it is necessary to increase the accuracy and reliability of
their design, which is achieved by analysis characteristics of the thermal calculation
of the system "heater-part’, which must take into account the simultaneous action
of several factors that significantly affect the process heating: change of thermo-
physical properties of the material of the workpiece depending on the temperature,
the drop in its temperature due to energy consumption from surfaces, etc. [6].

Analysis of recent research and publications. Detailed review of research
and calculations of thermal and magnetic processes in inductors up to 2011, as well
as their impact on the optimization of the design and operation of inductors can be
found in [5].

Optimization of the design and geometric dimensions of the inductor associ-
ated with heat loss and magnetic field, are devoted to [9, 13].

Thus, the authors in [13] describe the method of design and optimization for a
small inductor; calculations are performed to minimize conductivity losses in wind-
ing by optimizing the volume of copper and the cross-sectional size of the conduc-
tor. The method combines analytical development with modeling using the finite
elements method, providing a significant reduction in computing costs. Parametric
analysis is performed to determine the optimally efficient induction system.
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In [9], the optimization of the thermal heating of the inductor is investigated,
which allows to reduce its size. The authors emphasize that complex forms are re-
quired inductor cores, and offer a specific methodology for determining the best
form factor to optimize the exchange surface on the inductor.

The authors of [11] perform a numerical calculation of the temperature field in
an aluminum inductor, which is confirmed by the results of physical experiments.

The purpose of the article [7] is to study the influence of geometric parameters,
namely the number of layers and cross-section of the copper busbar and coils of the
valve on the power and the speed of the inductor, which affects the temperature
change of its components.

In [14] a simple and accurate method of designing inductors with a gap is pro-
posed. The method is simple both in algorithm and in calculation, because it re-
quires only a small number of iteration cycles. The authors demonstrate that the
proposed method of calculation can easily include different models, which affect the
design of the inductor, including thermal characteristics: temperature, flux density,
heat loss.

The authors of [10] consider three-dimensional formulations of a mathematical
model of the process of eddy current induction in ferromagnetic materials in order to
calculate temperature fields of induction heating devices. Two calculation algo-
rithms have been proposed that can significantly reduce computer consumption
time with reasonable accuracy. Using the calculation of temperature fields in molds
and vulcanized products as an example, the authors confirm the validity of the pro-
posed approach.

When heated by electromagnetic induction, the shape of the coil and the air
gap between the inductor and the workpiece can affect the distribution of the heat
source. At work [8] used the finite element method to calculate the distribution of
heat sources by different initial parameters of the coil. As a result, changes were in-
vestigated heat source distribution.

In [12], the effect of eddy currents of superconducting magnets on the resulting
ohmic heating was investigated, which is an undesirable effect because it changes
the operating magnet temperature. Numerical simulation of these eddy currents is
important to compensate for the control of their adverse effects.

Thus, a review of recent studies shows that the thermal calculation of the in-
ductor as a whole and the determination of the thermal state of its individual layers
- very an urgent problem that can be used in the problems of optimizing its design

and functioning processes.
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The purpose of the study: to establish the effect of changes in the thickness
of the outer and inner layers of the two-layer inwall, as well as thermal insulation
materials on the temperature inwall of a cylindrical inductor for heating a metal
workpiece.

Presentation of the main material of the study. The mathematical model of
a cylindrical induction heating system includes three equations in partial derivatives
for cylindrical workpiece (1), inwall (2) and magnetic system of inductor (3), respec-
tively [5]:
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where R;, R,, Rz, R, - radii of the workpiece surface, the inner surface of the in-
wall, the interface of the inwall and the inductor, as well as the outer surface the
magnetic wire of the inductor, respectively;

W(r,0,%,1) - the internal heat source of the workpiece;

Q,(0,7) - the function of the heat source of the inductor;
C, Cy, ¥, Yo — heat capacity and specific the electrical conductivity of the workpiece

and the inductor, respectively.

Unambiguous solution of the system (1-3) is possible by setting boundary con-
ditions that involve determining the thermal regime on the side surface of the cylin-
drical workpiece, on its end surfaces, on the end surfaces of the inwall, on the outer
surface of the magnetic wire and on its ends, as well as the task of ideal thermal con-
tact between the surfaces of the inductor and the outer surface of the inwall [5].

This system is further complicated when the inwall has two layers, so to solve
the problem, the approach was used, proposed in [6], which is based on solving the
equation of heat balance between the workpiece and the inwall of the inductor.

ISSN 1562-9945 (Print) 5
ISSN 2707-7977 (Online)



«CucremHi TexHosorii» 6 (137) 2021 «System technologies»
The design scheme of a cylindrical inductor with two layers of inwall is shown

in Fig. 1.

The calculations were performed according to the following data:

— the temperature of the outer surface of the workpiece Tq = 1250°N;

- the temperature of the outer surface of the inwall adjacent to the winding in-
ductor T, =30°N;

— the outer diameter of the outer (first) layer of the inwall d; =0,0741 ;

— the inner diameter of the outer (first) layer of the inwall d, =0,071 ;

— inner diameter inner (second) layer of inwall d; =0,0451 ;

— radius of cylindrical workpiece R =0,021 .

1 — inductor magnetode wire; 2 — insulation;
3 — outer diameter d- of the first layer of the inwall;

4 — winding (coil) of the inductor;
5 — inner diameter d; of the second layer of the inwall;

6 — inductor; 7 — medium for heating the workpiece;
8 — outer diameter d, of the second layer of the inwall

Figura 1 - Scheme of a cylindrical inductor

In the table 1 presents pairs of materials of the inwall layers used in the calcu-
lations and their thermal conductivity coefficients [1, 3-4]. Insulators are selected as
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follows in such a way that starting from the pair N2 2, the thermal conductivity of
the material of each layer of the inwall increases.

Fig. 2 represents the change in the temperature of the inwall on the inner sur-
face of the second layer depending on the selected pair of materials of the inwall lay-
ers of table 1. The presented diagram allows to obtain quantitative values of the in-
wall temperature for a cylindrical inductor with selected characteristics and confirms
quality-expected result: the desired highest temperature can be achieved by using

materials with lower thermal conductivity.

Table 1
Numbering of materials of inwall layers
and their thermal conductivity coefficients A;, W/(m- E)
Inwall
1 2 3 4 5 6
layers
fire-
) ) ) cement-
. chamotte, gravel, grit, resistant faience, ]
internal . grit,
1,33 0,93 0,97 brick, 1,15 L9
1,05 ’
min. . .
i siliceous vermi- | granulated
asbestos, cotton fiberglass, )
external plates, culite, slag,
0,175 wool, 0,05
0,07 0,1 0,15
0,045
Inwall
7 8 9 10 11 12
layers
porous . . asbestos cement quartz
. gritstone, | limestone,
internal | concrete, L5 L7 cement, slabs, glass,
1,4 ’ ’ 1,76 1,92 2,1
. thermoiz. | expanded .
slag wool, | glassine, bakelite,
external concrete, | clay conc- teflon, 0,25
0,167 0,17 0,23
0,18 rete, 0,2

In the second stage of research, the first pair of “chamotte-asbestos” was se-
lected as heat-insulating materials of the inwall layers of the cylindrical inductor in
order to establishing the effect of changes in the thickness of the inwall layers on its
temperature. The result is presented in Fig. 3.
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Figura 2 - The temperature of the inner surface of the inwall
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Figura 3 - The dependence of the temperature of the inwall

on the thickness of its layers

Analysis of fig. 3. shows that the change in the thickness of the inner layer of

chamotte has a much stronger effect on the change in temperature than the change

in the thickness of the outer layer of asbestos. In addition, the graph shows that it is

impractical to increase the thickness of the outer layer of asbestos more than 0.02 m

— this does not lead to a significant change temperature.

The presented results were tested at the XXI International Conference "Human

and Space" [2].

Conclusions. In the course of performance of the set task the following types

of works were carried out and conclusions were received:
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1) the algorithm for calculating the inwall temperature of the electric inductor
depending on the thickness of the outer and inner layers, and also depending on the
heat-insulating inwall material was created;

2) the testing of the created algorithm on the problem of this class with a
known solution obtained by Pavlov in [6] was performed;

3) the inwall temperature of the electric inductor for the following materials:
chamotte-asbestos, gravel-mineral cotton wool, grit-fiberglass, fire-resistant brick-
siliceous plates, faience-vermiculite, cement-grit- granulated slag, porous concrete-
slag wool, gritstone-glassine, limestone-thermoiz. concrete, asbestos cement-
expanded clay-concrete, cement slabs-bakelite, quartz glass-teflon), as well as in the
range of diameters of the inner and outer layers respectively (inner diameter of
chamotte varied from 0.02 to 0.045 m, outer diameter of chamotte — from 0.05 to
0.07 m and outer diameter of asbestos — from 0.074 up to 0.15 m) was calculated,;

4) graphs of dependences of inwall temperature on type of heat-insulating ma-
terial, and also on thicknesses of external and internal layers inwall for pair
“chamotte-asbestos” of the electric inductor were constructed.

As a result of the performed investigations the influence of external and inter-
nal layers thickness of a two-layer inwall, and also heat-insulating materials on the
inwall temperature of the cylindrical inductor for heating the metal workpiece was
established.
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HocnioxcenHus eniuey napamempis deouwiapoeoi ¢pymepiexu
yuniHopuuHo20 iH0yKmopa Ha ii memnepanypy

Pozensidaemocsi  docnidrceHHs: mensiogozo cmaHy 080ulapoeoi  (hymepisxu
UUIIHOpUYHO20 IHOYKmMopa 015 dgaHadusimu nap menjoizonsayiiiHux mamepianie. Hage-
0eHO mamemamuyHy Mooenb npouyecy, cxemy YuniHOpuuHozo iHoykmopa, mabauywo nap
00Ci0HCYy8aHUX MenJI0i301YiliHuX Mmamepianie wapie ¢pymepisxku. Po3apaxosaHo ma no-
6ydosaHo diazpamy memnepamypu 6HympiuiHb0i No8epxHi pymepisKu 8 3anexHocmi 8io
napu mamepianie ii wapie ma 2pagik 3miHu memnepamypu ymepieku 8 3alexHoCmi
8i0 moswjuH ii wiapis dns napu ,,uilamom-a3decm”.

HccnedosaHue enusHus napamempoe 08yxcjotiHoll (pymeposKu
UUIUHOPUYECK020 UHOYKIMOpA HA ee memnepanypy

PaccmompeHo uccnedosaHue meniogo20 cocmosiHusl 08yXcJI0UHOU (pymeposku yu-
JIUHOpUYECK020 UHOYKmopa 0715 dseHadyamu nap menaiou3doIIYUOHHbIX MAamepuanos.
IIpusedena mamemamuueckas modenb npoyecca, cxema YUiuHOpu1ueckozo uHdykmopa,
maobauya nap uccaedyemplx menaou3onsayuUoOHHbIX Mamepuanos cioes gymeposku. Pac-
CUUMAHa u nocmpoeHa duazpamma memnepamypsl 8HympeHHeli nogepxHocmu ¢yme-
pOo8KU 6 3asucumocmu 0m napsl Mamepuaios ee cioes, a maxxie zpapux UMeHeHUs.
memnepamypsl ymeposKu 8 3agucumocmu om moJwuH ee cioee 0 napsl ,WAMom-
acbecm”.

HOyxueBuu Kcenist JleonigiBHa — maricTp, kadeapa aeporiipomexaHiku Ta eHep-
romacornepeHocy, [JHipoBCbKMit HallioOHAMbHMI YHiBepcuTeT iMeHi Onecs ['oHuapa.
KpaBeup Onena BosmogumupiBHa — kaHz. §i3.-maT. HayK, MOLIEHT, NOLIeHT Kade-
puU aeporigpomexaHiki Ta eHepromacoriepeHocy, IIHINIpOBCbKMII HalliOHAJbHUIA
yHiBepcuretT imeHi Osecst ['oHuapa.

CroipinueBa Osbra BosogumupiBHa — KaHA. TeX. HayK, JOLEeHT Kadeapu eyek-
TPOHHUX OOUMCIIOBAJIbBHUX MaIluH, [HINIPOBChKUIA HaIl[iOHAJIbHUIT YHiBepCUTET

imeHi Onecst 'oHyapa.
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NyxueBnu Kcenmusi JleoHmaoBHA - MarucTtp, kadeapa asporuapoMexXaHUKU U
SHepromaccoriepeHoca, JIHUIPOBCKMUI HALMOHAIbHBIV yHUBepcuTeT uMeHu Orecs
l'oHuapa.

Kpasen EneHa BraguMmupoBHa — KaH[. ¢pu3.-MaT. HayK, JOIEHT, IOLeHT Kadeapbl
asporuipoMexaHMKu M dHepromaccorepeHoca, JHUIIPOBCKNUIA HALIMOHAJIbHBIA YHU-
BepcuteT umenu Onecst [oHuapa.

CnupuHueBa Onbra BraaguMupoBHa — KaHJ. TeXH. HayK, NOLIEHT Kadeaphl 3/1eK-
TPOHHBIX BBIYMUCJUTENbHBIX MAaIlMH, [THUMPOBCKUI HALMOHAIbHBIV YHUBEPCUTET

umMmenu Oecs ['oHUapa.
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