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VERIFICATION OF THE COMPUTER DESIGN PACKAGE ELCUT
ON THE EXAMPLE OF THE PROBLEM OF HEATING
AN INDUCTOR WITH A TWO-LAYER INWALL

Abstract. The actual problem of researching the thermal field of an induction heater with a two-
layer inwall for four pairs of inwall materials is solved; verification of the ELCUT automated design
package using pictures of temperature fields, isotherms and diagrams comparing the average tem-
perature of the inwall in the outer and inner layers was carried out.
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Introduction. To solve differential equations and their systems describing
thermal processes in complex structures and devices, automated design packages,
which include ELCUT, are increasingly used. However, this raises the question of the
reliability of the obtained results, which can be answered by verifying the used algo-
rithm by comparing the obtained results with the known data of other authors.

Analysis of recent research and publications. The application of the ELCUT
automated design package to the solution of actual complex differential problems
can be found in articles [1-8].

The paper [1] presents the results of the study of increasing the energy effi-
ciency of the acoustic magnetic device due to the joint solution of three problems:
electrical, magnetic, and thermal. For the experimental investigation of the hy-
pothesis, a model of the acoustic-magnetic device was developed using the ELCUT
6.1 software, which allowed to obtain satisfactory results.

The article [2] is devoted to the study of the strength properties of a sand-
cement rod under conditions of a thermal gradient. A comparison of the results of
the simulation of the problem in the ELCUT Pro package with the experimental data
shows minor deviations of the studied parameters.

The purpose of the article [3] is to determine the temperature and correct cut-
ting conditions during flat grinding of a combined form consisting of metal-polymer
and metal. The heating of the part surface using the finite element method in the
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ELCUT 6.1 was studied. The results of the experiment and discussion are presented,
which confirms the previously obtained theoretical and numerical results.

In [4], the methodology for calculating the coefficient of heat transfer of fences
for soil massifs that have an infinite thickness, which greatly complicates the task, is
developed. The solution of the differential equation of thermal conductivity by the
methods of integral transformation, which was confirmed by the results of the finite-
element calculation in the ELCUT software simulation, was obtained.

Papers [5-6] are devoted to the analysis of the tool base in the field of horticul-
ture and optimization of the magnetic system of the linear motor of electric se-
cateurs. The task is complicated by the lack of a theory of designing magnetic sys-
tems for hand-held electrified tools. Chain methods of calculating magnetic systems
have a high error, which does not allow determining the optimal design at the stage
of calculations. The use of the modern ELCUT computer program based on the finite
element method at the design stage made it possible to increase the force created by
the magnetic field of the linear electric motor of the hand-held electrified tool, and
thereby obtain the optimal design of the magnetic system with the specified accu-
racy.

The article [7] provides a description of the developed electric generator de-
signed for the generation of electricity by the magneto-electric method and the con-
version of mechanical energy from a rotating wind engine, and the study of the dis-
tribution of magnetic fluxes in the area of the magneto conductor of the generator,
which were carried out in the ELCUT computer simulation environment. Due to the
improved redistribution of the magnetic flux, a 60% increase in electric current at
the output of the generator was obtained; 10% reduction in battery charge time,
which leads to accelerated use of the energy storage. The obtained results made it
possible to improve the mass and overall design parameters of the magnetic system.

The paper [8] presents a comparison of the results of the research on the prob-
lem of heating a cylindrical inductor with two inwall layers using the ELCUT and
SOLIDWORKS automated design packages.

Thus, the review of the latest research shows that the automation of the com-
plex procedure of integrating differential equations and their systems with the help
of modern systems makes it possible to obtain results much faster and in more detail
and to determine the fields of the sought functions.

The purpose of the study: verify and prove the feasibility of using the ELCUT
automated design package to solve the problem of determining the thermal field of

an induction heater with a two-layer inwall for four pairs of inwall materials.
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Presentation of the main material of the study. Estimated cases of location
of materials in the layers of the inductor inwall and their thermal conductivity are
given in table 1.

Table 1
Numbering of inwall layers materials
and their thermal conductivity coefficients A,, W/(m -K)
Inwall layers 1 2 3 4
. chamotte, | cement slabs, slate, asbestos-cement
internal
1,33 1,92 2,1 slabs,0,35
asbestos, bakelite, asbestos-cement slate,
external
0,175 0,23 slabs, 0,35 2,1

The statement of the problem and the equations system can be found in [9-10],
the scheme of the inductor with two-layer inwall is given in [10].

The materials of the inwall layers in cases 1 and 2 of table 1 were chosen to co-
incide with cases 1 and 11 in [10] for comparison and verification two methods.
Cases 3 and 4 contain the same layer materials: "slate" and "asbestos-cement slabs";
cases differ in their sequence and location relative to the inner cavity of the
inductor.

Pictures of thermal fields in the inductor for the four studied cases, respec-
tively, table. 1 in fig. 1-4 are presents.

Figure 1 - Thermal field in the inductor for inwall "chamotte-asbestos"
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Figure 4 - Thermal field in the inductor for inwall "asbestos-cement slabs-slate”

The comparison of the inwall temperature average values with the correspond-
ing data of [10] for cases 1 and 2 is shown in Fig. 5.
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Figure 5 - The average temperature of the inwall: 1 — chamotte-asbestos;
2 — cement slabs-bakelite;
[ - inner layer [10];
B - inner layer, ELCUT;
B - outer layer, ELCUT

It should be noted that the difference in temperature values on the inner side
of the inner layer of the inwall, obtained by the method [10] and numerically — using
the software package ELCUT for pairs of materials "chamotte-asbestos" and "cement
slabs-bakelite" (Fig. 5), does not exceed 3%.

Thus, the heat transfer module ELCUT can be successfully used to model the
distribution of temperatures and heat fluxes in industrial problems heat engineer-
ing, however in the presence in designs of the cavities filled with air or other gaseous
environment, it is necessary to consider heat exchange not only due to thermal con-
ductivity, but also due to free / forced convection and thermal radiation - this ex-
plains the difference results.

The presented results at the XXII International Conferences "Human and
Space" [8] were tested.

Conclusions. In the course of performance of the set task the following types
of works were carried out and conclusions were received:

1) the algorithm for studying the thermal field of an induction heater with a
two-layer inwall was created,;

2) the created algorithm on problems of the given class with the known solu-
tions received in [10] is carried out was testing;

3) the temperature fields of the induction heater with two-layer inwall for four
pairs of inwall materials using software ELCUT complex was calculated;
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4) pictures of temperature fields and isotherms for the investigated cases of in-
duction heater inwall materials, and the diagram for comparison of the average tem-
perature of the inwall in the outer and inner layers, obtained using the ELCUT pack-
age and using an analytical approach [10] are constructed.

As a result of the conducted research, the maximum difference between the
analytical and numerical solution obtained when using the ELCUT automated design
system was determined - it did not exceed 3%. Thus, the expediency of using the
ELCUT software complex to solve actual and practically necessary problems of in-
dustry has been proven.
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Bepudpikauin nakemy asmomamu3oeanozo npoekmyeaiuss ELCUT
Ha npuknadi 3adaui HazpieaHHs iHOyKmMopa 3 deowlaposum hymepyeaHHAM

Zns pose’sazanHs dugepeHyianvHUX piBHSHb Ma ix cucmem, wjo ONUCYI0mos mensosi
npoyecu 8 CKIa0HUX KOHCMPYKYisiXx ma npucmposix, yce uacmiuie 3acmocosyromscs na-
Kemu asmomamu308aHo20 NPoeEKmMys8auHs, do skux eioHocumocsi ELCUT. Oduak, npu
UbOMY BUHUKAE NUMAHHS 00CMOBIPHOCMI OMPUMAHUX pe3ybmamis, 8i0nogicmu Ha sike
MOMcHa, dogisuiu 0CMOBIPHICMb BUKOPUCMOBYBAHO20 ANI20PUMMY ULISXOM NOPIBHSHHS
OMpUMAaHUX pe3yipbmamis 3 8i0oMumMu OaHUMU THWUX A8Mopie. AHANI3 0CMAHHIX DOCTi-
OxceHv 1 nybaikayiti ceiduums, wo cucmema ELCUT moxe 3acmocogysamuce 00
P038’3aHHA 3a0ay 3 Pi3HUX 2aJly3ell NPOMUCII080CMi, a came: Nid8UWeHHs eHepzoedek-
MUBHOCMI AKYCMUYHO020 MAZHIMHO20 NPUCMPOR; 00CAIOHCEHHS MIUHUX 81acmusocmeti
NiCKOYEeMeHMHO020 CMPUXHS 8 YM08ax mepmozpadieHmy; 8U3HAUEHHsT memnepamypu
ma npasuibHUX YMO8 PIi3aHHS Npu NJA0CKOMY Wii(hysaHHi KOMOIHOB8AHOI (opmu, wio
CK1adaemscsi 3 Memasionoyimepy ma memany; po3pooKa memoouku po3paxyHky Koegi-
uieHma mennogiodaui 020po0xceHb O TPYHMOBUX MACUBIB, Ki MAMb HECKIHUEHHY
MOBWUHY; AHAi3 IHCMpPYMeHmManpHoi 6a3u 8 zanysi cadisHuymea ma onmumisauii maz-
HIMHOI cucmemu NiHiliH020 08UZYHA eJIeKMPUUHUX CeKamopis; Onuc eiekmpuuHozo ze-
Hepamopa, Npu3Hau4eHozo 0Jisl 8UPOOJIEHHs eNeKMmpoeHepeii MazHimHo-eleKmpuiuHUM
Cnocobom i nepemeopeHHs: MeXAaHiuHoi eHepeaii 8i0 8impsiHO20 dsuzyHa, wo obepmaemao-
cs, ma 0ocnioxceHHs1 po3nodisiy MAazHIMHUX NOMOKI8 HA OLISIHYI MAZHIMONPo8ody 2eHe-
pamopa. Memortw daHoi pobomu € sepucpikysarts ma dosedeHHs dOUiIbHOCMI 3acmocy-
8aHHS nakemy asmomamu3oearozo npoekmysauHs ELCUT do po3e’sa3amHsa 3adaui 6u-
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3HAUeHHs1 Menyi080o20 noJisl iHOYKYiliHo20 Hazpisaua 3 deowlaposum (ymepysaHHsam 05
uomupwvox nap mamepianie ¢ymepieku. B pobomi cmeopeHo anzopumm 00CAI0OHEHHS
menniogozo noJssa iHOYKYiliH020 Hazpisaua 3 deowlaposum (pymepysaHHSIM; Npo8edeHo
mecmysaHHs Ha 3adaui 0aH020 Kaacy 3 8idoMumu po3e’sa3kamu; 3a 00NOM02010 npozpa-
MHo20 komnaekcy ELCUT po3spaxosaHo noasi memnepamyp iHOYKYiliH020 Hazpisaua 3
dsowaposum pymepysaHHam 011 HOMupvLox hap mamepianie ymepysamts; no6ydosa-
HO KapmuHu noJiie memnepamyp ma izomepm 0ns 0ocnioxcysaHux sunadxie mamepianis
(pymepysarHs iHOYKUiliIHO20 Hazpisaua, a Makoxc diazpamy nopieHsHHs cepedHboi mem-
nepamypu ¢pymepiexu 8 308HiUIHLOMY MA BHYMPIWHLOMY WAPAX, OMPUMAHOI 3a JONo-
Mmozor nakemy ELCUT ma npu 8uKopucmaHHi aHaiimuuHozo nioxody; 8U3HaueHo Mak-
CUMAJIbHY PI3HUYI0 MIX AHANIMUYHUM MA YUCI08UM PO38’°13KOM, OMPUMAHUM NpU 8U-
KOpUCMAHHI cucmemu asmomamu3o8aHo2o npoekmyeanHsi ELCUT, — 60Ha He nepesu-
wuna 3%. Takxum yuHom, 008edeH0 JoYiIbHICMb 3ACMOCY8AHHSI NPOZPAMHO20 KOMNJIEKCY
ELCUT 0o po38°3aHHs akmyanpbHux ma npakmuuHo HeoOXiOHux 3adai npoMucio80Cmi.

HOyxueBuu Kcenist JleoniziBua — Mmarictp, Kadenpa aeporizpoMexaHiku Ta eHep-
romMacoriepeHocy, JJHImpOBCbKMIT HalliOHaIbHMI YHiBepcuTeT iMmeHi Onecst [oHuapa.
KpaBenp Osiena BosmogumupiBHa — kaHz. di3.-maT. HayK, JOLIEHT, IOLEeHT Kade/-
pU aeporiipoMexaHiky Ta eHepromMmacornepeHocy, JIHIpOBCbKMI HAl[iOHAJIbHUI YHi-
BepcuteT imeHi Osecst ['oHUapa.
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