Memoduka eusHa4yeHHsi cmpyMy, Wwo npomikae e iHAykmopi HazpieanbHoz20 npunady / La6nid O., Mynb-
ka Y., bazap M., Koposb O. // BicHuk THTY. — 2012. — Tom 66. — Ne 2. — C.235-242. — (Mamemamuy4He
modernro8aHHsl, Mamemamuka. gi3uka).
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O. Ia6uaiit, nokT. ¢iz.-mat. Hayk; Y. Ilynbka, 1oKkT. TexH. Hayk; M. ba3ap;

O. Kopoub

TeproninbcoKkull HAYiOHALHUL MeXHIYHUU YHIgepcumem imeni leana 11lyntos

METOAUKA BU3HAYEHHSA CTPYMY, 1O IPOTIKAE€ B
IHAYKTOPI HAI'PIBAJIBHOI'O IPUJIAY

Pe3ztome Pospobieno Hogi inOYKYiliHI enepeo3bepiearoui Ha2pi8aibHi NPUIAOU, 1K CKIA0AIOMbCsi 3 080X
MenI00OMIHHUKIE (8HYMPIWHBLO20 MA 308HIUHBLO20), A MAKONHC ELeKMPUYHO20 THOYKMOPA, NPUEOHAHO20 00
Mepeoici 3MiHHO20 cmpymy. Bushnaueno 36edeni cmpymu, wjo iHOYKYIOMbCA Y 308HIUHbOMY MdA BHYMPIUHbOMY
mennoobminnukax. Pospobneno cxemy samiwenna inOykmopa 3 ypaxy8anHam HAGAHMAINCEHHS 8i0 080X Menio-
OOMIHHUKIB, 4 MAKO4C 8PAX0BAHO BIACHUL iMnedanc iHoykmopa. Ilpoananizosano moxcaugicms 6UKOPUCMARHS
cxemu 3amiugeHHst IHOYyKmopa OJisi CUCHEMU 3 OOHUM MeNJI00OMIHHUKOM (6HymMpiwHiM abo 306niwnim). Taxooc
BUBHAYEHO NOBHULI CMPYM, WO NPOMIKAE 8 [HOYKMOPI, HABCOEHO upasu Oasi 00UUCIEHHS 11020 AKMUBHOT ma
PeaKmugHoi CKado8ux.

Kniouosi cnosa: cmpymu @yko, cuna cmpymy, noHull KOMIaAeKCHULl onip, 3axon Oma, HanpyjiceHicmo

MASHIMHO20 NOJA, IHOYKMOP, e1eKMpOoHacpieay.

O. Shabliy, Ch. Pulka, M. Basar, O. Korol

METHOD OF CURRENT FLOWING IN AN INDUCTOR HEATING
APPARATUS

Summary. Different gas and electric devices which consume sufficient resourse ( electricity and
gas) becauce of their low efficiency are used now in engineering and construction for heating of buildings and
other dwelling houses. Electric devices using induction heating have found wide application lately. Usage of
electric energy for heating of buildings and other dwelling houses are analysed in the paper. The lalest
investigations in the field of induction heating devices are analysed. New induction energy-saving heating de-
visel, which consist of two heat exchangers (internal and external) and the electric inductor, connected to the ac
source, have been developed by the authors. Reduced currents induced in the internal and external heat
exchangers have been found. The scheme of the inductor substitution taking into account the loading from two
heat exchangers and the inductor own impedance, has been developed. Besides, the complete current which
flows in the inductor has been found. Expressions for calculation of its active and reactive component are
presented. Saving of energy resources and looking for the alternative sources and methods of producing energy

and their mutual transformation is the most urgent and competitive problem in modern world economy. Natural
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resources of fossil, fuels gas and oil, are coming to an end, but the pace of their consumption is increasing.
Electric heating systems are the promising direction of the development of the heat power engineering of
Ukraine. This is the path towards the energy security and independence from the scarce fossil fuels resources.
The problem of ecological safety is urgent in the world. Thus, electrical heating systems are the leaders, even
when compared with those running on the biofuels, as the electrical devices do not produce any gases and the
electrical energy can be produced by transformation of the wind and solar energy and by other eco-friendly
methods. Besides, Ukraine produces enough energy. Modern electric heaters consume much electricity and as
compared with the gas heating systems they are more expensive with low durability, TEN-type in particular, in
which pipe-type electric heaters can not operate because of heating deposit. Taking into account everything
mentioned, as well as the situation we happened to be, it is necessary to develop new electric devices, which
would be more efficient and durable than conventional ones. It should be noted that while developing the device,
the authors took advantage of fundamental laws of physics. The solutions were built on the basis of the Maxwell
equations, the law of complete current, the Joule-Lenz law, the Kirchhoff’s rules and the Ohm’s law. Only the
method for finding the current force in the inductor, which is the main power characteristic of the designed
device, has been analyzed in the paper, because due to the current force the efficiency of the heating device can
be found. Besides, the temperature of the heat carrier will depend on the current force.

Key words: currents force, complete comprehensive resistance, law of Ohm, tension of magnetic-

field, inductor, electro-heater.

IMocTanoBka npodJsiemu. B nanuii yac B TexHilli i OyAIBHUIITBI IPH ONAJICHHI KUTIIO-
BUX 1 MOOYTOBMX NPUMIIIEHh BHUKOPUCTOBYIOTH PI3HI Ta30Bl W ENEKTPUYHI MPUIATH, SIKi
MOB’sI3aHH1 31 3HAUHUMU 3aTpaTaMu pecypciB (€IEKTPOeHeprii i ra3zy) yepes iX HeeKOHOMid-
HicTh. lIupoke 3acToCcyBaHHS Ha CHOTOAHI 3HAWIIIM €ICKTPONIPHIAAN 3 BUKOPUCTAHHSM iH-
nykuidHoro HarpiBanus [1, 2]. OpHak B JiTEpaTypHHX DKEpeIax TEOPETUYHI JOCIiIKESHHS
JUISI IX KOHCTPYIOBAHHS 1 BUTOTOBJICHHSI 3 YPaxyBaHHSIM T'€OMETPUYHHUX PO3MIpiB, KOHIrypa-
1ii Ta MaTepiaiiB, i3 IKUX BOHU BUTOTOBIICHI, BIACYTHI.

AHaJI3 0CTaHHIX J0CTiIKeHb i mydaikaniii. ABTopu po3poOmin HOBI eHeproedek-
TUBHI TPUJIAJIH JUTS OTIAJICHHS MTPUMIIIEHb 13 BUKOPUCTAHHAM 1HIYKIIHHOTO HarpiBaHHs [3, 4,
5]. SIx mokasanu eKcriepuMeHTabHI TOCII)KeHHsI, BOHU 3HAYHO MEePEBaXKAIOTh 1ICHYIOUI MpHU-
Jaay 3 TOYKU 30py €KOHOMIi eNIeKTPOeHEeprii, MPOCTOTH KOHCTPYKIIIT 1 HaIHHOCTI B pOOOTI, a
TaKO’K 3HAYHO JICIIEBIII Ta MPOCTINI B eKCIUTyaTarii.

OpnHak 171 iX yIOCKOHAJIEHHS, TOOTO BU3HAYCHHS €IEKTPUYHHX MapaMeTpiB HarpiBa-
JBHOTO MPHJIAAY, HEOOXITHO MPOBECTH TEOPETUYHI JTOCIIHKEHHS, sIKi O BpaXOBYBaJIH €KOHO-
Mi4HY €(eKTHUBHICTb iX Yy TOPIBHSHHI 3 ICHYIOUMMH HArpiBAIbHUMU MPUIATaMH.

MeTto10 po60TH € BHU3HAYEHHS CHJIM CTPYMY, SKHI MPOTIKa€ B 1HIYKTOpi, TOOTO
CTPYMY, CIIO)KUTOTO 3 MEPEXKI, a TAKOXK MPUBEACHUX CTPYMIB, K IIUPKYIIOIOTh Y 30HAX TET-

JIOOOMIHHHUKA.
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PesyabraTn nociaigxenHs. Po3risHeMo €NeKTpUYHUNA ONANIOBAIbHUM MpUiIaj, po3-
paxyHKOBa cxema sIKoro 300pakeHa Ha puc. 1. CTpym, sIKuii IpoTiKae B iHAYKTOPI, IHAYKYE B
30Hax cTpymu DyKo, K1 HArpiBalOTh 11 30HU. BU3HAUMMO CHIIy CTpyMYy, sIKa MPOTIKA€E y Bij-
IOB1JIHUX 30HaX, CUJy CTPyMY, 1110 aKTUBHO CIIpHs€ HarpiBaHHIO, Ta CUIY CTPYMY, CIIOKUTY 3

Mepexi.

Pucynok 1. Po3paxyHkoBa cxema IpUCTpPOIO:

I1 — Bextop Iloiitinra; E — HanpyxeHicTh enekTpuaHoro noisi; H — HanpykeHicTh MarHiTHOTO MOJIS;
I — cTpym™m BinnoBigHOT 30HK
Figure 1. Design model of the device:

P — vector Poytinha; E — electric field intensity; H — magnetic field; I — current of the zone

Buxonsuu 3 nepmoro 3akony Kipxroda [6], Maemo, 0 CTpyM B IHIYKTOpPI 1 CTPyM
IHAYKOBaHUN B TEXHOJIOTIYHOMY IHAYKTOpi y CyMi JIOpIBHIOIOTH HYJIO. B pe3ynbraTi 1p0ro

MOYKHA 3aIUCaTH

i =i, +1,, (1)
ne 1. — xopucHuii cTpym, 110 HpoTiKae B iHAYKTOpi, A; 1, — 3BeneHHit cTpyM, 1O iHIYKYET-
CSI B 30BHINIHBOMY TEXHOIOTIYHOMY iHAYKTOpi, A; I, — 3BemeHuii cTpyM, O iHAYKYEThCS Y

BHYTPIITHBOMY TEXHOJIOTIYHOMY iHAYKTOPI, A.

TakyuM 4MHOM 32 JOIIOMOT'0I0 3aKOHY Oma OTpHUMAEMO
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ne U — nanpyra Ha ingykropi, B; U),U, — 3BeieHa Hampyra 1[0 HaBOAUTHCS BiIIOBIIHO Y
30BHIITHBOMY Ta BHYTDIilIHFOMY TE€XHOIOTiUHHX iHAyKTOpaX, B; Z, — MOBHHiI KOMILIEKCHHI

OIlIp HaBaHTAXEHHs 1HAYKTOpa, OM; Z, — NOBHUI KOMIUIEKCHUH omip cuctemu 2, Om; Z; —
TIOBHUH KOMITJIEKCHHH O11ip cuctemu 5, OMm.
3 OCTaHHBOT'O BUpa3y 0AYMMO, 1110 B KOJIi Ma€ MicIle MapajieibHe 3’ € JHaHHS MPOBi-

HUKIB (puc. 2), npu oMy Maemo U =U, =Usj.

I /

4
Pucynox 2. Cxema [Uist €IeKTPUYHOTO PO3PaxyHKY HarpiBajbHOI'O MPUCTPOIO (TTO3H. TUB. y TEKCT)

Figure 2. Scheme for the calculation of the electric heating device (see pozn. In the text)

BigzHaunmMo Takosx, Mo cTpyM 1, Ta I, € cymapHuM 3BeJieHHM CTpyMOM, BiH CKiiaJia-
€THCA 31 CTPYMIB, IO IUPKYJIOIOTH Y BIAOBITHUX 30HAX, a CaMe
12 = i22 + 123 + 121 ) (2)
ne 1,, — 3Benenuii cTpym, 110 iHAYKYeThCA Y 30Hi 2, A

. 1 1 R, +ioL
I,,=U=—=U . =U—2—F%; 3)
Z, R, +ioL,, R, +w’L;,

I,, —3BeneHuit CTpyM, 10 IHAYKYETbCS Y 30H1 TEIUIOHOCIA B2, A

. 1 1 R, ,+iwL
I,,=U=——=U . =U2—35; “4)
Zyy R,, +tiowL,, Ry, +o' L,

I,, — 3Bemenwmii cTpym, o iHIYKyeThCs y 30Hi 1, A

.l U 1 _U R, +iol, .
Z,, R, +iwL,, R+’

©)
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AHAJIOrYHO 1 U1 30HU S5

15 :155 +153 +156’ (6)
e 155 — 3BEJICHUH CTPYyM, IO IHAYKYETHCS y 30H1 5, A
1 1 R.. +iowl
Iy =U-—=U . =U ;S 2525; (7)
Zss Ry +ioLgs R +w L
I, — 3Benenuii cTpym, 110 iHAYKYETHCA Y 30Hi TEIIOHOCIs BS, A
1 1 R., +iolL
I,,=U——=U : =U—F——3; (8)
Zsy R, +ioL,, R+ L,
156 — 3BEJICHUH CTPYyM, IO 1HAYKYETHCS y 30H1 6, A
1 1 R, +iol
Iy=U—-—= . - TR ©)
Z Ry +ioLy R +w L,
3anumnieMo CTpyMH y BUTJISAII
I =I,+i,. (10)
Tyt 1 gani 6yaemMo no3HavyaTy akTUBHUN CTPYM 3 1HAEKCOM «a», BIJMOBIIHO PEaKTUBHUNA —
«p»:
i22 :IZZa+i122p’ (11)
I2B =Ly, + iIZBp > (12)
I21 =1, + iIle > (13)
e
I _ Rzz o LzB
2a ~ 2 272 IZBp =Y . 2.2
R, +o° L, R, +a0° L5,
io L R
L, =U—F"""5 I, =U——2__
r R, +’L}, R +w’L},
1 = L I — L@ L21
” RzzB + a)zlés 2 R221 + szil

Tyt R,,,R,;,R,, — BIANOBIIHO aKTUBHI ONOPHU 30HU 2, 30HU B2 Ta 30HU 1, OM; L,,,L,,, L, —

. e . . -1
BIJIMOBIAHI 1HAYKTUBHOCTI 30HU 2, 30HH B2 Ta 30HH 1, ['H; ® — nukiiyHa yacrora, ¢, o=2nf,

TyT f — yacrora cTpymy B iHIYKTODI, ['II.

BinnoBinHo ctpymu B cucteMi 5

Ls =15, + iISSp >

Ly =15, + iISBp e

(14)
(15)
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156 =I5, + iIS()p ’ (16)
e
R w L
oy Rs L oy ioLy
e R525 + a)zL?s s =Y RSZB + a)zLéB
io L R
[.. =U—"35 . = 56
7 R525 + a)zLis o R526 + wzléé
RSB 0] L56

(]
Il
[

5B P2, 272 s6p — Y p2 | 22
Ry + o L, R+ L
Tyt R, R;,, Ry — BIANOBIIHO aKTHBHI ONOPYU 30HH 5, 30HU BS Ta 30HU 6, OM; L., Ly, Lo —

BiJIMOBIAHI 1HTYKTUBHOCTI 30HHU 5, 30HU BS Ta 30HU O, ['H.

[lepenumemo popmynu (2) ta (3), BukopuctoBytoun Bupaszu (11)—(13) ta (14)—(16).

Marumemo mist cucremu 2

iU R, N ioL,, R,, N ioL,, R, ioL,, 17)
PR+ 0, RL+ 0, R, 40k, RL,+0'l:, RL+0'L: R+
2 n n fup 5 1 2 1% a1y 21
AHAJIOTIYHO /IS CUCTEMH 5
i.=U Ry [@Lss Ry i0Lsy Ry, oL (18)
5

+
RL+o'Ly, RL+0'L, R,+&’Li, R,+0’L, R,+o’Li, R,+aL,
3a I0MOMOror CTpymy, BU3HadeHoro 3a ¢opmynoro (17), MoxkeMo 3HANTH Hampyxe-

HICTh MarHiTHOTO MOJISI HA TTOBEpXHi 2 — H, ,, K€ BXOJUTH Y BUPA3H ISl BA3HAUCHHSI TTHTO-

me2
MOI HOTYXKHOCTI TeTIoBuX mxepen W,, W,,, W, , kopucHoi notyxHocti P,, P,,, P, Ta eHe-
prii maruaitaoro nons W,,,, W,,,5, W,, . AHaJIOTr4HO 3HalJEMO MUTOMI HOTY>KHOCTI, KOpHUC-
HYy TMOTY>KHICTb Ta €HEPTil0 MarHiTHOTO MOJISI B CUCTEMI 5, BAKOPUCTOBYIOUH ISl BU3HAUCHHS
HAaIpy>KEHOCT1 MarHiTHOro noiust /4, cTpyM, 3HaiiieHuii 3a popmyioro (18).

VY Bunaaky cymicHoi poOoTu cucteMu 2 Ta 5y Gopmyny Asis BUSHAUYCHHS HAMpyxKe-
HOCTI MarHiTHOTO TOJISI HEOOXITHO MiJACTABUTH 3HAYCHHS CHIIM CTPYMY, OOYHCIICHOI 32 BUpa-
3oMm (1).

[Ipu mpoekTyBaHHI HaArpiBaJbHOrO MPHUCTPOIO MO CUCTeMi 2 YU 5 A1 BU3HAYEHHS
H,,un H,  crpym Gyme nopisuiosatu I, =1, — nyst cucremu 2 Ta Binosinuo 1, =1, — s
CUCTEMH 3.

Taxkum yMHOM, BH3HAUEHI KOPUCHI aKTUBHI CTPYMH, TOOTO Ti, SIKi aKTHBHO BIUIMBAIOTh

Ha HarpiBaHHS 30H TEIJIOOOMIHHUKA.
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JInst 3HaXOHKEHHS MTOBHOTO CTPYMY, IO MPOTIKa€ B 1HIYKTOPi, TOOTO CHOXHTOTO 3
Mepexi, HeOOXITHO TaKOXX BPaxyBaTH CTPYM, LIO BUTPAYAETHCS BIACHE B CAMOMY IHIYKTOpI
(Ha HarpiBaHHS CaMOro IMPOBIJHUKA, 3 SKOTO BUTOTOBJICHO 1HAYKTOp). TOOTO MOBHUI CTpyM
BU3HAYMMO TaK:

I=1,+1,+1,, (19)
ne I . — CTPYM, 110 Ii/ie Ha IIOA0JIaHHS ONOpY (HAa HArpiBaHHsA) IHAYKTOpA, A.

Takum 94MHOM, OCTaTOYHO CXeMa 3aMIIIeHHS 1HIYKTOpa B ONATIOBAILHOMY WAl
HaOyne BUTIISAY SIK TIOKa3aHO Ha pUCYHKY 3. baummo, mo cxema 3aMilieHHs iHAYKTopa JAyXe
CXOJKa 31 CXeMOI0 3aMillleHHs TpaHchopmaropa.

Busnauaemo ctpym, 1o #ae Ha HarpiBaHHA iHaykTopa 1. . Jing nporo HeoOxinHO 3Ha-

TH OIip 1HAYKTOpa Ta HOTO 1HAYKTUBHICTD [7].
Binomo, 1110 akTUBHUH OMip NPOBITHUKA BUZHAYAIOTh TaK:
r, = L (20)
in pin S >

IH
. . 2
ne [, — NoBXWHA IHAYKTOpaA, M; S, — ILIOLIA MOIEPEYHOro Nnepepizy IHIyKTOpa, M°; O, —

OUTOMHH Omip Marepiaiy iHgyKkTopa, OM " M.

Pucynok 3. Cxema 3aMillieHHs IHAYKTOpa

Figure 3. Circuit inductor

BiamoBigHO MOBXKHHY IPOTY IHIYKTOpPA BUSHAYAEMO 32 (HOPMYIIOIO

lil-t :27[(Rm+%dianm> (21)
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ne R, — BHYTpIIIHIN pajiyc IHAYKTOpa, M; 71, — KUIbKICTh MIapiB OOMOTKH IHAYKTOpa; d, —
y BHITQJKy KPYTOTO NPOBIJIHUKA JiaMeTp JPOTY, a y BUIAJKYy BUKOPHCTAaHHS IIMHHU-BUCOTA,
M; N, — KIJIbKICTh BUTKIB IHAYKTOpA.

{06 3HaiiTH peakTUBHU OIlip, BA3HAYAEMO 1HAYKTUBHICTb 1HAYKTOpa. [HAYKTUBHICTD

BHU3HAYATHUMCMO 4YCPE3 eHepriIo MAar"iTHOTO MOJIA.

3riJHO 3 TEOPEMOIO PO TIOBHUI CTPYM B iHAYKTOpI [8] oTpuMaemo
aiHHmez \/ENiH \/E *

3Biacu

_ \/ENiH V Iiza +Iz2p (22)

me
a

in

Toni eHeprito MarHiTHOTO IOJISI BA3HAYAEMO TaK

(23)

me’ in

1
W= Eﬂo:uin Vi

ne V., — 00’eM B IKOMY 30Cepe/KeHa SHeprisi MarHiTHOTO nojisi Wiy, HOT0 BU3HAYAEMO TaK

IH

V. =L.S

in n=in *

VY pe3yabTari OTpEMaEMO

me " IH " IH

Wiy = ot LS, (24)

3 npyroro 60Ky, €Heprito MarHiTHOIO MoJsi BU3Ha4aeMo 3a (opmyJioro [7]

VVI‘H :%Liuil‘z’ (25)
3Bi,Z[KI/I OTPHUMAEMO
2w
L,=2e. (26)

Bukopucrosytoun (24) ta (26), iHAYKTUBHICTH iHIYKTOpa Oye

1 N?
L, = EIUOIui ;H liuSm > (27)

in

0*7ﬂ-

Ac€ a, — BHCOTaA IHAYKTOpa, M; L, — MarHiTHa CTajla, t, = 4r-1 M; — MarHiTHa IIpo-

M
HHUKHICTh MaTepially IPOBIIHUKA, U Mial g, =1.
CtpyM, 1110 3aTpavaeThCsl B IHAYKTOP1 HA HOT0 HArpiBaHHS, BU3HAYAEMO 32 (DOPMYIIOIO

. 7 il 1
I. =U i + ”‘ =U—, 28
. ( v’ 74 sz?H] Z %)

in
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ne Z, — INOBHUM KOMIIJIEKCHUI OMip IIyCTOro 1HAyKTOopa, OM.

Temep MokeMO BH3HAYHUTH CTPYM, CIIOKHTHI 3 MEPEXKi, 32 (HOPMYIIOIO
[=U| =—+—=—+—=|. 29
( = ] (29)

BucHoBku. Y pe3ynbTaTi OTpEMaHO BHpA3y ISl BA3HAUYEHHS JiF0Y0T0 3HAYCHHS CHIIN
CTPYMY, IO CIIOKMBAETHCS 3 MEPEXi, a TAKOXK 3BEJCHI CTPYMH, IO LUPKYIIOIOTh Y KOXKHIN
30H1 TEIUIOOOMIHHMKA. 3HANIIOBIIN CUIY CTPYMY B 1HAYKTOpP1, 3MO’KEMO BU3HAYUTU HOTYXK-
HICTB, IO CIIO)KMUBATHME HArpPiBaILHUHN TPUIIAI.

Conclusions. As a result expressions for finding the current intensity values con-
sumpted from the network and reduced currents circulating in each area of the heat exchanger
have been obtained. Having found the current intensity in a inductor, we can determine the

power which will be consumed by the heating device.
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