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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyaJbHiCTL TeMH. P03p0oOKM, MOCHIKEHHS Ta BHOpOBaKeHHs Li-ion
Oarapeil B TpaHCHOPTHUX 3aco0ax 31MCHIOIOTH MPOBIIHI JJA00OpaTOpii CBITY Taki SK
NREL, TESLA (CIIIA), SANDIA (Kanaga), UFO (Kwurait), TOYOTA (Snownis). B
VYkpaini BemyThCsS AOCTIDKEHHS, pO3pOOKM Ta BOpoBakeHHs Li-ion Oatapeir y
0aratboX JOCTITHUIIBKAX IHCTUTYTaX Ta TEXHIYHUX yHIBepcuTeTaX. OaHaK B JaHUI
4ac HEJOCTATHbO YBAaru MPUAUISETHCS TOCTIIKEHHSIM MpOoIleciB ekcrryaTali Li-ion
OaTapeil B yMOBax MiJBUILIEHOTO TETUIOBUIAIICHHS.

OpHuM 13 aKTyaJlbHMX 3aBJaHb CyYacHHX JMJOCTIKeHb Li-ion OaTtapeil €
CTBOPEHHSI CHCTEM YIIPaBJIiHHS TEIJIOBUMH TIpoliecaMu OaTtapeit Njisi 3a0e3rneueHHs
HaWKpalux yMOB eKCIUTyaTallli, 110 Ja€ MOXJIMBICTh 30LIBIIUTH pecypc poOoTH,
IJIBUIIUTH €HEPTOEMHICTh, O€3IeKy, 3MEHIIIUTH Bary Ta BapTICTh, AK OaTapei, Tak i
BUTPATHU HA IXHIO €KCIUTyaTallito. 3 1€} METOI HEOOX1THI BIAMOBIIHI JOCIIKEHHS
e(EKTUBHOCTI OXOJIOJPKEHHSI 13 BHUKOPUCTAHHSIM PI3HUX CHOCO0IB, BKIIOYAIOUH
OXOJIO/KEHHS TIOBITPSIHUM TTOTOKOM.

CKOpoYeHHsSI Yacy CTBOPEHHS CHCTEM VYIPABIIHHS TEIJIOBUMH IpollecaMu
Oatapeli MOXe OyTH JTOCATHYTO, 30KpeMa, 3a PaXyHOK BUKOPHCTAHHS MAaTEMaTHIHOTO
MOJICJIIOBAaHHSI TEIUIOBUX TpoueciB. Po3poOka MarematnyHux wmoaenei Li-ion
Oartapeli 3 cuCTeMaMu OXOJOJKEHHS, MOJICTIOBAHHS TEIIOBUX IIPOIIECIB, MOIIYK
pileHsb, 1Mo 3a0e3MeuyoTh HaHOUTbITy e(eKTHUBHICTh 0XO0JIOKeHHs Li-ion Oarapeit
HOBITPSITHUM OTOKOM, MOPIBHSHHS pe3ynbTaTiB MO/ICJIIOBaHHS 3
EKCIIEpUMCHTAIbHUMH JTaHUMH € aKTyaJbHUMHU 3aBIaHHSMH, SKi CTaJIH OCHOBOIO
JUcepTaliiftHOl poOOTH.

BupimienHto 3aBiaHb TIAPOTa30JMHAMIKA Ta MOJCIIOBAHHIO TEIUIOBHX
nporieciB mpucBsueHi podotu ['.B. Jlorsunosuua, C.K. I'omynoBa, O.M. boromorosa,
K. ®neruepa, Y. Xipma ta 6aratbox 1HIINUX aBTOPiB. CTBOPEHHS BUCOKOCPEKTHUBHUX
CUCTEM OXOJIOJKEHHS BIJIHOCUTBHCS /10 3aBJlaHb OaraTOKpUTEpiaibHOI ONTHMI3allii.
MeTtonuuHi  OCHOBM  OaraTOKpuWTepialibHOI  omTmMmizamii  Oynm  3akjaaeHi
A.A. Camapcekum, E.H. boromonosum, V. Aanepconom, P. [lnetuepom Ta iHIMMU
BueHuMH. B Vkpaini Taki 3aBgaHHa  BupimyBaiaucs ~B.M. [nmymikoBuwm,
B.JI. PravoBum, E.I'. ITlerpoBum, FO.I'. CtostHomM, M.A. XaxxMypaloBUM Ta 1HIIUMH
BUCHUMH. 3aBIaHHS IIbOTO KJIACy 3BOJATHCS 10 BHOOpPY TapaMeTpiB TEXHIYHUX
CHUCTEM, 110 320€3MeuyI0Th HaWKpare BUPITIICHHS MTOCTABJICHUX
OaraToKpuTepiaIbHUX 3aBAaHb. Y 3B'SI3Ky 3 IIMM OCHOBHUMHU HayKOBO-TEXHIYHUMH
3aBJAaHHSAMHM €: MOJCITIOBAHHS TETUIOBUX IPOIIECIB IIPU 0X0JIOHKeHHI Li-ion GaTapeii;
o0unciieHHs] e(PEeKTUBHOCTI OXOJIOH)KEHHSI Ta MPOBEACHHS MOCTIIKEHb Ha CTEHI 3
HACTYITHUM TIOPIBHSHHSM pE3YyJbTaTiB MOJIEIIOBAHHSI 3 EKCIEPUMEHTATBHUMHU
JTaHUMHU.

3B's130k  po0OTM 3 HAYKOBMMH MpPOrpaMaMu, IUIAHAMH, TeMaMM.
HNucepraritiiitna poOoTa BUKOHAHA BIAMOBIIHO 10 IUIAHIB JEPKOIOHKETHUX Ta



KOHKYPCHUX Te€M, 110 BHKOHYIOThCA B HamionansHomy HaykoBomy LleHTpi
«XapkiBcbkuit ¢i3uko-texniunui iHctuty™ (HHL[ X®TI). HaykoBi pesynsTaT, Ha
AKUX 0a3yeTbcs JucepTaiiiiHa po0OoTa, OTpUMaHl TPH BHUKOHAHHI IUIAHOBHUX
oromkeTHux nporpam, 3amoBiaeHb HHI X®TI ta cninpHoro npoekty HHIL XTI 3
BNL (CIIA): mpoekt III-6-11 «[ocmimkeHHss Ppi3MUHUX OPOLECIB Ta ONTUMI3AIis
nmapameTpiB  JOCHITHUX YCTaHOBOK METOJaMH MAaTEMaTUYHOTO MOJICITIOBAHHS
(Ne TP 0111U009294);  mpoekt  III-7-11 «DynaameHTanbHi Ta  OPUKIAIHI
JTOCHIKEHHS 3 siepHOl (I3UKK JUIsi MOTped MEAMIIMHHU, HAPOJHOIO0 TOCIOJIapCTBa,
exosorii Ta enepretuku» (Ne JIP 0111U009298); croinpuuii npoext HHI[ XDTI 3
BNL (CIIA) «Po3pobka mochmiHOTO 3pa3ka CUCTeMH TepMocTadumizalii Li-ion
Oarapeii» (BNL-T2-371-UA). ducepTaHT y BKa3aHUX BHUIIE PoOOTaxX BUCTYIAB SIK
BHUKOHABEIIb.

Mera i 3apaui pociaimkeHHsi. MeToro poOOTH € Po3poOKa MaTeMaTUYHHUX
MoJIeNIel TEIUIOBUX MPOLECIB Yy CUCTEMAX OXOJoMKeHHs Li-ion GaTapeil moBiTpssHUM
MIOTOKaMHM TOBITPS 3 MaJlUMH IIBUIKOCTSIMH, HAa OCHOB1 pPE3yJIbTaTIB YHMCEIbHOTO
MOJICIIIOBAHHS TIPOLIECIB OXOJIOKEHHS OaTapeil BH3HAYUTH MapaMeTpu IMITaTOpPIB
enemMeHTiB Li-ion 6atapeit Ta kamepu i AOCIIKEHHS €(pEeKTUBHOCTI OXOJIOXKCHHS
Li-ion Oatapeti.

JI71s1 HOCSITHEHHSI TTOCTaBJIEHOI METH HEOOX1THO BUPIIIUTH TaKl 3aBJIaHHS:

— MPOBECTH aHaNI3 ICHYIOUUX MOJiesiel oxoomKkeHHs Li-ion 6aTapei;

— pO3poOUTH MaTeMaTU4YHl MOJIeNl TEIUIOBUX MPOIECIB MPH OXOJOKEHHI
NOBITPSIHUM NOTOKOM Li-ion Gatapeil, 110 MaroTh Ha MOBEPXHAX €JIEMEHTIB CKIIAJIHY
OaraTokaHaJbHY CTPYKTYPY;

— BUKOHATH MaTEeMaTUYHE MOJCIIOBAHHS TEIUIOBUX IMPOIIECIB Ta TMOBITPSIHUX
MIOTOKIB TPH OXOJIO)KCHHI eneMeHTiB Li-ion OaTapei Ta BHU3HAYUTH BUMOTH JIO
€KCIIEpUMEHTAJILHOT CUCTEMH OXOJIOKEeHHs Li-ion Oartaper;

— pO3pOoOUTH MaTEeMaTUYHY MOJIE]b Ipolecy oxonoxkeHHs Li-ion 6arapeit 3a
JOTIOMOT'OI0 TETIOBOT TPYOKU;

— PO3pOOUTH CHUCTEMY BHUMIPIOBaHHS Ta 0OpOOKM MaHUX s OaraToKaHaIbHOI
CUCTEMU BUMIPIOBAHHS TEMIIEpaTypy Ha IOBEPXHAX iMiTaTopiB Li-ion O6arapeit;

— BUMIpATH €(QEKTUBHICTh OXO0JIOJKeHHs Li-ion Oarapeii Ha po3poOJICHOMY
CTCH/Ii, TOPIBHATH OTPUMaHI pe3yJbTaTH 3 JTaHUMH MaTeMaTHYHOTO MOJICITIOBaHHSI.

06’exm Oocnioxcennss — MpoOLEC TPUBUMIPHOTO TMOUIMPEHHS Termiaa B Li-ion
Oatapei mpu OXOJIOMKEHHI 11 MOBITPSHUM MTOTOKOM.

Ilpeomem Oocniddxcennss — MaTeMaTHYHI MOJIENIl Ta OOYHMCIIOBAIBHI METOIU
TEIJIOBUX MPOILIECIB IIPU OX0JIOKeHH1 Li-ion 6atapei MOBITPSIHUM MOTOKOM, MOJIE1
OXOJIO/KYBAHHUX MOBEPXOHB Li-10n e1eMeHTIB, TEMIO0B1 MPOLECH Ta TEIJIOBI TPYOKH.

Metoamn pociigxenHsi. Y poOOTI BAKOPUCTOBYIOTHCSI METOAM MAaT€MATHYHOTO
MOJICIIIOBAHHSI CHCTEM 3 PO3IMOAUICHHUMH TapamMeTpaMu JIS PO3B'SI3aHHS KpaoOBUX
3a/lady  aeporiipOANHAMIKM TPU OXOJIOJUKEHHI TIOTOKOM TIOBITPSL TTOBEPXOHD,
YUCEJIbHUM aHali3 1 METOJIU ONTHUMI3alll mapaMeTpiB TEIuIo(i3UUHUX MPOIECIB B



CUCTEMI1 0XO0JIO/KEHHS Li-1on Oatapei MOBITPSHUM ITOTOKOM.

HaykoBa HOBHM3Ha olep:kaHuX pe3yabTaTiB. HaykoBa HOBU3HA oJlep:KaHUX
pe3yabTaTiB. Y pe3ynbTari BUKOHAHHS JUCEPTAILiiHOI pPOOOTH 3ampONOHOBAHO
MaTeMaTUYH1 MOJIeJIl TEIJIOBUX MPOIIECIB MPU OXOJIOAKEHHI MOBITPIHUM MOTOKOM Li-
ion Oarapeil, mO MaloTb Ha MOBEPXHAX EJEMEHTIB CKIaAHy OaraTokaHajabHY
CTPYKTYpY; Ha OCHOBI PE€3yJIbTAaTIB MOJIEIIOBAHHS MPOLECIB OXOJOIKEHHs OaTapeit
BUOpaHi mapameTpu imiTaTopiB eneMmeHTiB Li-ion Oarapeit Ta kamepu s
JTOCITIDKeHHS e(DEKTUBHOCTI 0X0JI0/KeHHs Li-ion GaTapei.

[Tpu 1bOoMy OTpHUMaHIi TaKi HOB1 PE3yJIbTATH:

— BOEpIIE BHUKOHAHO KOMIUIEKCHE JOCHIIPKEHHS TMPOCTOPOBHUX  IOJIB
TEeMIIepaTypH, TUCKY Ta HMIBUAKOCTEH B MOBITPSHOMY IMOTOIll TIPH OXOJIOKEHHI Li-ion
Oarapeil 3 OaraTOKaHAJIBHUMH CTPYKTypaMHU Ha TOBEPXHSX €JIEMEHTIB (MTOBEpXHI
TUITY «MOJIYIIIHK 3 OKPYIJICHUMH KpallkamMmu», «CKpy4eHl CTpPIUKM» Ta «BIJIKPUTI
nipamigu»). Ha ocHOBI ycepegHEHHS TeMIIepaTypHHUX IOJIIB HA MOBEPXHSIX €JIEMEHTIB
Oarapei, /UII YHCENBHOTO Ta EKCIEPUMEHTAIbHOIO JOCHIIKEHb PO3MOALTY
TeMIIepaTypH, OTpuMaHi e(eKTUBHOCTI CUCTEMU OXO0JIO/KeHHs Li-ion 6arapei;

— po3pobiieHa MaTeMaTWYHa MOJeNb TEIJIOBOI TPYyOKM Ta 3ampONOHOBAHMM
METOJ OOYMCIIEHHS MHUTOMOI TEIUIONPOBIAHOCTI TPYyOKH, OCHOBAaHMW Ha MiHIMIi3allii
CEpEeIHbOKBAAPATUYHOTO BIJXWICHHS OOYMCICHHUX 1 BUMIPSHUX TeMIEparyp Ha
IIOBEpXHI eJeMeHTa Oarapei, ski 3a0e3meuynmiaIm BHU3HAYCHHA ©(PEKTHBHOCTI
oxonopkeHHs: Li-ion ©Oarapei TemoBow TPyOKOH Ta 3aJIeKHICTh MUTOMOI
TEIJIONPOBITHOCTI TEIUIOBOT TPYOKH BiJl CEPEHBOI TEMIIEpaTypu eJIeMeHTa barapei;

— BOEpIIE HAa OCHOBI MAaTeMaTHYHOTO MOJEIIOBAHHA Ta BHUKOPUCTaHHS
KOMIUIEKCY MPOOJIEMHO-OPIEHTOBAHOTO MPOTPAMHOIO MPOAYKTY AOCTIIKEHI MOTOKH
B TEIIIEBOMY OCEPEAKYy Ta II0KAa3aHO, IO IMBHAKICTh KOHBEKTUBHHX ITOTOKIB Y
rejlieBOMY OCepeIKy OJIM3bKa JI0 MIBUIKOCTI CIIHOBOI qudy3ii;

— po3poOJieHI MaTeMaTUYHI MOJieJll 0araToOKaHAJIBHUX CTPYKTYpP Ha MOBEPXHIX
enemeHTiB Li-ion Oarapei Ta peaqi3oBaHl y BUIUIANI KOMIUIEKCY MPOOJIEMHO-
OpPIEHTOBAHOTO MPOTPAMHOTO TMPOAYKTY ISl AOCTIHPKCHHS TETUIOBHX IPOIIECIB TIPH
0XO0JIO/PKCHH1 TTOBITPSSHUMH TTOTOKAMHU 3 MaJIOk0 MIBHJIKICTIO;

—Ha OCHOBI MaTE€MaTUYHOrO MOJICIIOBAHHS TEIJIOBUX IMPOIECIB MpH
oxonopkeHH1 Li-ion GaTapei BHM3HA4Y€HI Ta ONTHUMI30BaHI MAapaMeTpU MOBITPSHUX
MOTOKIB CTEHAY JUIsl BAMIPIOBAHHS €(PEKTHUBHOCTI OXOJIO/KEHHS OKPEMHUX EJIEMEHTIB
ta monmymiB Li-ion Oartapei. Bmepmie po3pobieHO KalOpUMETPHYHY Kamepy Ta
imitatropu Li-ion Oartapei 3 aHI30TPOIMHOIO TEIUIOMPOBIIHICTIO, AHAJIOTTYHOIO
ejeMeHTam Oarapei;

— BUKOHAHO MOJIETIIOBAHHS MPOLIECY OXOJIOJKEHHs Li-lon 6arapei, 110 OCHOBaHE
Ha BUKOPHCTaHHI NICUXPOMETPUYHOI pi3HULI Temneparyp (M-mukn). Onepxani gaHi
XapaKTEPUCTUK TIOBITPSHOTO TOTOKY Ta BHUTPAaTH BOJIW B 3aJIEKHOCTI BIJ
HaBKOJIMIIIHBOI TEMIIEpaTypH MOBITPSL.

I[IpakTuyHe 3HAYeHHS OJeP:KAHMX Pe3yJbTATIiB IOJAra€ B TOMY, II0 BOHU



MOXXYTh 3HAWTH LIMPOKE 3aCTOCYBAHHS MpPHU PO3poOIl €JeKTpOMOOLIiB, HOBOIO
HAyKOBOI'O 1 IPOMHUCIJIOBOTO YCTaTKyBaHHS.

YHpoBa/ykeHHsI MaTeMaTUYHUX MOJENIel, YHUCETbHUX METOIIB, METO/iB
BUMIPIOBaHHSA Ta OOpPOOKM JTaHWX MIATBEPKEH1 JOBIJAKOIO MPO iX BUKOPHUCTAHHS B
HHI[ X®TI B ekciepuMeHTaNIbHIM ycTaHOBII «MillleHb MOJSPU30BAHUX sIJIEP TENito-
3» 11 MOZEINIIOBAaHHS TEIUIOBUX IIPOLIECIB y T€IIIEBOMY OCEPENIKY, B OaraTOKaHaJIbHIM
CUCTEMI1 BUMIPIOBaHHS TEMIIEpAaTypu MIIIEHI, CUCTEMI BUMIPIOBAHHS TMOJSPU3AIIii
siep Tenio-3 Ta B CUCTEM1 YIPABIIHHSA a/11a0aTHYHUM PEBEPCOM MOJIIpU3aIllii.

Po3pobneni maremaTuuHi MoJeial Ta METOA OOYHUCIEHb 3 BUKOPUCTaHHSIM
KOMILJIEKCY MPOOJIEMHO-OPIEHTOBAHOTO MPOrPaMHOr0 MPOAYKTY B IKOMY IHTETPOBaH1
rpadiuHuil pelakTOp TEOMETPUYHOI MOJENi, PO3PaXyHKOBI MOyl MPOILECIB
aeporiApoAMHAMIKH, TEIJIONIEPEHOCY Ta Bi3yali3allli pe3yibTaTiB 00YUCIICHb.

Pe3ynbTaTu aucepTaniiHoi poo0TH BKIIIOUCHI:

— Y JIepKOIKETHY HAayKOBO-IOCHIAHY poOoTy «JlocmipkeHHsT (I3UYHUX
OpoleciB  Ta ONTHUMI3Allisl TapaMeTpiB  JOCTIAHUX  YCTAaHOBOK  METOAaMH
MartemaTuyHoro mozaemtoBanHs» (Ne JIP 0111U009294);

— y 3BiT no cnubHoMy mpoekty HHI[ X®DTI 3 BNL (CIIA) «Po3pobka
JOCJIITHOTO 3pa3Ka CUCTeMH TepMocTabimizaiii Li-ion GaTapeit».

Oco0ucruii BHecok 3100yBaya. OCHOBHI Pe3yJIbTaTH AMCEpPTallii OTpUMaH1
aBTOPOM CaMOCTIMHO Ta OmMyOJiKOBaHO y HaykoBuxX pobotax [1 —12]. ¥V pobotax
OImyOJIIKOBaHUX Yy CHIBaBTOPCTBI, 3100yBaueBl HAJIEKUThb Taki pe3ynbTat: y [1] —
MaTeMaTH4YHa MOJIeJIb TEIJIOBUX IPOIIECiB MPH 0XO0J0 KeHH1 Li-ion Gatapeit; y [2] —
METOJT O0YUCIICHB ISl yCePEAHCHHS TeMIIepaTypHUX TOJIIB HA MOBEPXHAX €JICMEHTIB
Oarapei; y [12] — onTtumizanisg napameTpiB NPOLECY OXOJOJKEHHS aKyMYJISITOPHUX
Oarapeit; y [7] — onTumizallisi mapaMeTpiB MOBITPSHOIO TOTOKY Ta OOIPYHTOBAHHSI
BHMOT JI0 HOBOT'O 00JIaIHAHHS JIJIS JOCIIKEHHS €()eKTUBHOCTI OXOJIODKEHHS;, ¥ [8] —
KOMIUIEKCHE JIOCTI/PKEHHSI €(EKTUBHOCTI CHCTEM OXOJIO/PKEHHS 31 CKJIaJHUMHU
O0araTokaHaJbHUMHU CTPYKTYypaMU Ha MOBEpPXHAX eleMeHTiB Li-ion Oartapei; y [3] —
po3poOka (PI3UYHOTO TPOEKTY Ha BUTOTOBJICHHA CTEHIY U JOCHIKCHHS
e(eKTHUBHOCTI CHUCTEM OXOJIO/PKeHHs Li-ion Oarapel, KalOpUMETPUYHUX Kamep Ta
IMITaTOpiB eJeMEeHTIB Oarapei; y [4] —MaremMaTnyHa MOJIeibh CKIQJHOTO TEIIO0OMIHY
MIpY HAsIBHOCTI MPUPOJHOI KOHBEKIIli B Teli€eBOMYy ocepeiky; Y [5] — aHami3z pobotu
OXOJIOJDKYBAUiB TMOBITPS 3 BHKOPUCTAHHSIM METOAY IICUXPOMETPHYHOI PI3HHUII
temneparyp (M-uukn); y [6] — MaremMaTu4Ha MOJieNib TEIJIOBOI TPYOKH Ta METOJ
OOYHUCIICHHS MUTOMOI TEeIJIOMPOBITHOCTI TpyOkHu; y [9] — po3pobka TEXHIYHOTO
NPOEKTY Ha BHUTOTOBJICHHS TEIJIOBOI TPYOKM Ta BHUKOHAHO aHaji3 oOJepkKaHUX
eKCIIEpUMEHTAbHUX pe3ysbTatiB; y [10] — po3pobka mozaeni 640-kaHanbHOT CUCTEMU
BUMIpIOBaHHsI Temreparypu; y [11] — mnpoanamizoBaHi MNOXHMOKM BUMIPIOBAHHS
TeMIepaTypu 6araTokaHaJIbHOI CUCTEMOIO.

Anpobaunisa pe3yabtatiB gucepranii. OCHOBHI pe3yJlbTaTh JIUCEPTAIITHOL
poOOTH JOMOBiAATMCA Ta OTPUMAIM TO3UTHUBHY OIIHKY Ha MDKHApOJIHUX



KOH(pepeHLisIX:

— IV MixnapoaHo-TexHiuHiil  koHbpepeHii «Iudopmariiini cuctemMu Ta
texHosnorii» (Ykpaina, Xapkis, 2015 p.) [10];

— ASTFE First Thermal and Fluids Engineering Summer Conference (TFESC),
(USA, New York, 2015) [6];

— XIII Kondepenuii 3 @i3ukn BHCOKUX €Hepriil, smepHoi (i3UKu Ta
yckopurensaMm (Ykpaina, Xapkis, 2015 p.) [11];

— ASME International Mechanical Engineering Congress & Exposition
(IMECE 2014), (Canada , Montreal, 2014) [9];

— ASME Heat Transfer and Thermal Engineering, (USA, San Diego,
California, 2013) [8];

— MixnapoaHiii HaykoBiii koH(pepenmii «llutanHs onTuMizalii OOYHCIIEHb
(ITOO-XL)», npucBsueniit  90-piyur0  Big  JAHS  HApPOJDKEHHS  aKaJeMika
B.M. I'nymikoBa, (Ykpaina, Kpum, Benuxka fnra, 2013 p.) [12];

— ASME Heat Transfer in Energy Systems, (USA, Rio Grande, Puerto Rico,
2012) [7].

Ilyo6aikamii. OcHOBHI pe3yJibTaTH, IO CTaHOBJATH 3MICT JUCEpTaIlli,
ormyOikoBaH1 y 12 HaykoBHX poOOTax: y ToMy 4ucii, B 5 crartax [1 — 5]y daxoBux
HAyKOBUX BHUJAHHSX, 3 SKuX crtarti [1,2,4] omyOiikoBaHi B CHeliai30BaHUX
(daxoBuX BHIAaHHSIX YKpainu, ctaTTi [3, 5] omyOmikoBaHi B MiKHApOJHHUX (HaxOBUX
BUJIaHHAX; 5 poOiT omyOsikoBaHI B 1HO3eMHUX BHJaHHAX [6 — 9, 12] Tta 2 Te3m
J0ToB1Iel Ha HayKoBUX KoHpepenuisx [10, 11]. ITybnikamii [2, 3, 5] BKiItOYeH1 110
HaykomerpuuHoi 0azu SCOPUS. Pob6orta [8] oTpumana ceptudikaT Kpamioi cTaTTi
2013 poky Amepukancekoro ToBapuctsa ImxkenepiB Mamuno6ynyBanust (ASME).

CtpykTrypa Ta o0csr podoTu. Jluceprariss CKIamaeTbcsl 31 BCTYIy, IT'SITH
PO3/UTIB, BUCHOBKIB, CIHCKY BHKOPUCTAHHUX JDKEPEN Ta OJIHOTO JnoAarky. [loBHui
oOcsr nuceprarii cTaHOBUTH 169 cTOpiHOK, 1 BKJIOYAae 152 CTOpPIHKM OCHOBHOTO
TEeKCTy, 23 Tabnuii (3araibHUM 00’eMoM 9 c.), 64 pucyHka (3arajibHUM 00’€MOM
26 ¢c.), 3 HUX, OOUH PUCYHOK Ha BCIO CTOpPiHKY. CIHCOK BHUKOPUCTAaHUX JDKEpPEN
mictuTh 122 HaitmenyBanus (15 c.).

OCHOBHUM 3MICT POBOTH

¥ BeTyni 00rpyHTOBAaHO aKTyaldbHICTh TEMHU JUCEPTALIHHOT poOOTH, TOKa3aHO
3B'I30K pOOOTHM 3 HAayKOBUMH TIporpamamu, 1aHamu, temamu HHI[ X®TI
HAH VYxkpainu, BU3HAU€HO METy Ta 3aBJaHHs JOCIII)KEHHS, TOKa3aHa HayKOBa
HOBU3HA Ta MPAKTUYHE 3HAYEHHS OTpPUMaHMX pe3yibTaTiB. HaBemeHo naHi mpo
ocobucTuil BHECOK 3100yBaua B OIMyOJiKOBaHMX B CHIBaBTOPCTBI pobOOTax,
anpoOarrito pe3yiabTaTiB JOCIITKEHb.

Y nepmiomy po3aiii «YnpasiiHHA TelJioBUMH npouecamu Li-ion 6aTapei»
MIPOBEJICHO aHajli3 CHCTEM YIpPaBJiHHA TEIUIOBUMHU Mpoiiecamu Oatapeii. [lokazano



HEOOXITHICTh CTBOPEHHS €()EKTUBHUX CUCTEM OXOJIOJKEHHA Oarapeil Ta o0iIaaHaHHS
JUTSL TOCITIJDKEHHS TETUIOBUX MPOIIECIB ITPH OXOJI0KCHHI.

[ToBiTpsiHE OXO0JIOKEHHS/HArpiB Li-ion GaTapei XapaKTepU3y€eThCs MPOCTOTOIO
Ta MaJOK BapTICTIO CHCTEMH YIPABIIHHSA TEIUIOBUMH mporecamu. J[is
XapaKTEPUCTHKU CUCTEMHU BUKOPUCTOBYIOTHCS €(DEKTUBHICTh OXOJIOKEHHS:

Q/ITD =W/AT, (1)

ne W — TemioBa MOTYXHICTh, IO BUAUIAETHCS B OJHOMY €JIEMEHTI Oarapei;
AT =Titator — Tair» Tair — TEMIIEpATYpa BXITHOTO TOBITPS B 3a30pl MiX €JIeMEHTaMU
6arapei; Tniuor — CEPEaHS TEMIIEPATYPa HA TIOBEPXHI eIeMeHTa OaTapei.

VY posznini chopMmynboBaHa 3ajada pPO3pOOKHM MaTeMaTHYHHX MOJENeH Ta
OOYHUCITIOBAILHUX METOJIB JUIsl TIPOLIECY OXOJIOJKEHHS MOBITPSHUM MOTOKOM Li-ion
Oarapei 31 CTPYKTYpOBaHUMH ITOBEPXHSIMU €JIE€MEHTIB.

PesynbTaTu nepiioro po3aity onyoiikoBaHi B podotax [1, 7, 12].

Y apyromy posaini «MaremMaTu4yHe MOAEJIOBAHHS Ta ONTHMI3alist
napaMetrpiB  moBiTpsiHOro  oxogaom:keHHs Li-ion  Oarapei» pospolGiena
MaTeMaTH4dHa MOJIEJIb MPOIEeCY OXOJO/KEHHS eleMeHTIB Li-ion GaTapei moBITpSIHUM
MTOTOKOM.

['eomerpuuna mojgenb eneMmeHta Li-ion OaTapei CTaHOBUTH MNPSMOKYTHUUN
napanenemninen. JudepenmiansHe piBHSHHS TeIUIONEpeaavl BCEPEIWHI e€IeMeHTa
Oarapei B cTalioHApHOMY PEXHUMI JIJIsI TPUBUMIPHOTO BUIIAJIKY:

E L e e e (= [ @
ox ox ) Oy oy ) Ox 0z
ne I(x,y, z) — remmeparypa; k., k,, k. — KOMIIOHEHTH aHI30TPOIHO]

TEIUIONPOBITHOCTI €JIEMEHTIB; ¢ — IIBUIKICTh TE€Hepallii Terjaa B OJAMHHIN 00'eMy
aAKyMYJISITOPA; ¢cony — MATOMA MIBUIKICTH BIATOKY TEILIa Yepe3 MOBEPXHI aKyMyJIITOpa
NUIIXOM KoHBekmii; L;, L, L; — OOBXWHA, MHUPUHA 1 TOBIIMHA aKyMYyJsATOpA,
BIZIOB1AHO.

['eomeTpruna Mojenb Li-ion Oarapei 13 JBOX €JIEMEHTIB 3 IUIOCKHUMU
ITOBEPXHSMM MPEICTABIEHA HA puUC. 1.

O6’'emu @; 1 O, BIANOBIAAIOTH MOJIOBUHHUM 00 €MaM €JIEMEHTIB OaTapei Ta
ABJISIIOTE COOOI0 TMPSMOKYTHI Tapayelieninead 3 TpPaHUYHUMH YMOBaMH IS
MOBEPXOHB, 1110 00,1yBatOThCs MOBITPsAM: AS; Ta 1HIUX AS, .y :

(Z] 2) ‘AScell - 0’

(ZI Z) ‘ASl = oTeel — Tair), 3)



ne q =—kATcell — TENIOBUM TOTIK B €JIEMEHT1 OaTapei; k — TEerIonpoBIAHICTS;
71 — HOpPMaJIb JI0 30BHIIIHBOI TOBEPXHi €JEMEHTa, ¢ — KOHBEKTUBHUU Koe(ilieHT

terioBianayl; Tair — TEMIIEpATYypa MOBITPS B 3a30pi; Tcell — TeMIlepaTypa OaTapei.

Pucynok 1 — I'eomerpuuna mozens Li-ion 6aTapei 13 1BOX €JIE€MEHTIB
3 IUIOCKUMU MTOBEPXHAMU

OO0yacTh TOBITPSHOTO 3a30py MDK eleMeHTamMu Oarapei sBisie Cco00r0
NpSMOKYTHUHM mapanenerninen 3 ob'emom — V. Cucrema piBHSHB CTalliOHAPHOI
MIPOCTOPOBOI TeUli Ma€ HACTYMHUMN BUTJISA] B IEKApPTOBIN CHCTEM1 KOOPIUHAT:

Oox, ’
opuu .
p Pt O r. =0, (4)
ox, ox, ox; '
oq. O 0
—+—(pu,e)——I\r.u.)=0,
Ox, Ox, (pu2) 6xj( ! J)
ou .
Ae Ti':/’l %-'_ u] _gé‘z auk 9qi:_ka_T 5‘9:CVT+M,
’ ox, ox, 3 "ox, OX, 2

1

(i=)
=pRT, 5, =
PR 0 )

THCK; p — UIUIBHICTh CEpelloBHINA; 1 — TeMmiepaTypa cepefoBuila; R — raso.a

, (i, Jj.k=1,2, 3), U — IBUJKICTh CEPEIOBUINA; p —

MOCTIHA; ¢; — MUQY3HUA TEIUIOBUU TMOTIK, & — MOBHA EHEPTrisl OJUHUYHOI MacH
cepeloBUINA; 4 — KOe]IIIEHT TUHAMIYHOI B'A3KOCTI; 7,

g

— TEH30p B'SI3KHX 3CyBHHUX
HANpyKeHb;, O, — naenbra-Qynkuis KpoHekepa; ¢, — NMTOMA TEIUIOEMHICTH HPH

MOCTIHHOMY 00’ €Mi.
['pannyHl yMOBHM [JIsi TMOBEPXOHb IOBITPSHOIO 3a30py: Ha TpaHUIl 3
enemeHTamMu Oatapei AS; — KOHBEKTUBHHUI TEIJIOOOMIH, HA OOKOBUX TpaHHIlIX — AS



CTaBWJIKCS aJiadaTHyYHI TPAaHUYHI YMOBH, Ha TPAaHUIl BXOAY MOBITPSHOTO MOTOKY —
AS;, TeMiepaTypa Ta IIBUJAKICTb NOBITPs, a Ha rpaHuul Buxony AS,, — THCK Ha

BHUXO/II.
Temneparypa Ta rpaHUYHI YMOBHU MOBITPSTHOTO TIOTOKY OYTyTh:

( ;air; ASo =0
air 1| Ay = — Uiy
(& Z}Asl = a(Tair — Teelt), (5)
Tair‘ASin ==T;,

Pair| ASour = T >

—

ne q=-kVTcel — TemnoBuii MOTIK B eleMeHTI Oarapei; n — HOpMaib [0

30BHINIHBOI TTOBEPXHI €JIEMEHTa; & — KOHBEKTUBHHUM KOE(QIIIEHT TEIIOBIAIaYl; g —

MUTOMUI TETUIOBUI MOTIK Yepe3 MOBEPXHIO eleMeHTa 0artapei Sy; Tuir — TEMIEpATypa
MOBITPS B 3a30pi, Tcell — TeMIEpaTypa ejleMeHTa Oarapei, uair — MBUAKICTh MOBITPS
Mk enementamu Oatapei — ASin, Py — atmocdepuuii Tuck Ha Buxoni — ASour, Tj, Ta
U;, — TEMIEpaTypa Ta MBUAKICTh TTOTOKY TMOBITPSI HA BXO/Il B 3a30p MK €JIEMEHTaMH,
BiJITTOBITHO.

[TouaTkoB1 yMOBH Ta 0OMEKEHHSI MaTEMATUYHOI MOJIEINI:

— reOMETpHUYHI po3MipH obisacTi MogemoBaHd — 200mmx150mMmx(12mMm + 1),
L, =2+4 mm;

— IIBUJIKICTh BX1JTHOTO MOTOKY — u;, =2 — 4 m/cex;

— Temreparypa BxigHoro notoky — 7;,= 10 — 35 °C;

— Jliana3oH JOIMYCTUMOI CEPeAHBOT TeMIIepaTypu eaeMenTa 6arapei Tcell = 25 +
35°C;

— BIIXMJIEHHS TEMIIEPATypH B eJleMeHTI O6atapel Bix cepenuboi +2 °C;

— CyMapHMi TeIroBui NoTik uepe3 S, — O =7.5 Bm, P, = 101325 Pa;

— HaJTMIIIKOBHM THCK Ha BX0/Ii B 6arapero g0 200 Pa);

— epexruBHICTH OX0nomKkeHuss O/ITD > 1.5 Bm/°C Ha OIHH €IEMEHT;

— TEIJIOTEXHIYHI BJIACTHUBOCTI €JIEMEHTIB OaTapei: TeIJIONpOBIAHICTE B
HamnpsMKYy TUIOMMUHU eneMenta — 60 Bm/(m K), Ta 1 Bm/(m K) nepneHIuKyJIspHO
TLTOIIMHI.

Posmomin TemmepaTypu, THCKYy Ta MIBHAKOCTEH B 00’€Mi 3a30py MIK
eJeMeHTaMu OaTtapei BHU3HAYAJIMCh 3 pe3yJbTaTiB YHMCEIBHOIO MOJICTIOBAHHS 3a
nonomororo nporpamuoro nakera SolidWorks Flow Simulation:



T;jk:T ”yJ’Zk’ ln’T;n’Z (qconv)l'jk >
pijk:p xl’yj’zk’ lﬂ’Tm’Z (qconv)ijk > (6)

uijk =u\X;, yj’Zkﬁuin’ Tznﬂl (qconv)ijk

nei=(1,2,3...m),j=(1,23....n), k=(1,2,3....r); m, n, r — KUIbKICTh OCEPEJIKIB
po30UTTS 00'eMy NOBITPS MK eJeMeHTaMu Oarapei Mo KOoopJIuWHaTaM X, y, Z —
BIJITIOB1/IHO; (qwnv)l.jk — IIUIBHICTh TEIUIOBOIO IOTOKY 3 IOBEPXOHb €JIEMEHTIB B

MOBITPSIHUI 3a30p.
Cepenns Temneparypa MoBepxHi:

ZZ w(AS ), (3y=12). (7)

lzlkl

Tuck y BXiIHOMY MOTOLI TOBITPSL:

1

P, =
S;

S oS, s (2=0). ®)

1j=1

Ms

ini

3asie’kHICTh €PEKTUBHOCTI OXOJIOKEeHHs Li-ion GaTtapei Ta pi3HULI BXIJIHUX 1
BUXIJIHUX TUCKIB BiJl BEJIMYUHU HIBUJKOCTI MOBITPSIHOTO MOTOKY Ta BEIUYUHU 3a30py
MIXK eJeMeHTaMu 0arapei HaBeJleHa Ha pHC. 2 Ta puc. 3, BIAMNOBIJIHO.

40-
1.5+
< &
g 1.0+ )
o - 20
- % 201
S
S 0.5
A & & & ‘.l \J < o 4 @ @ DJ
K é&& é@@ @6\ é& é&@& 4‘& é@ é& & & EE S S
o i S E oo ,L@“‘ &‘“\ 3 oS o & & &S
PucyHnok 2 — Po3paxyHKOB1 3HaYEHHS Pucynok 3 — I[lepenan THCKY MOBITps HA
O/ITD eJeMeHTax Oartapei

OTpuMaHi J1aHi MOKa3yIOTh, II0:

— e(DeKTUBHICTb OXOJIOKCHHS JIJISI TIOTOKY TOBITPS 13 BX1IHOIO TEMIIEPaTypOIO
25°C 3pocrtae B 3aJ@KHOCTI BiJ IIBUAKOCTI MOTOKY, i TI MakCUMyM OOMEKCHHUI
MaKCUMAaJIbHOIO IIBUJIKICTIO TOTOKY 4 Mm/cex;

— e(PEKTUBHICTh OXOJOKEHHS, B 3aJIEKHOCTI BIJ pPO3MIpYy 3a30pIB MIX
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eneMeHTamMu Oatapei, 3poctae, mpu 30UTBIICHHI 3a30py 3 2 mm 10 3 Mmm, Ta
3aJMIIAETHCS HA TAKOMY K PiBHI TP MOJAIBIIIOMY 301IbIICHH] 3a30DY;

— MaKCUMAaJIbHHI Mepernaj TUCKY B OTOL MOBITps He niepeButrye 40 Pa.

Ha mincraBi pe3ynbTaTiB 4MCEIbHOIO MOJENIOBAaHHSA 00paHo 3a30p 3 mm, K
ONTUMAJIbHUM 3 TOYKU 30py HAMKpaIioi eeKTUBHOCTI OXOJIOMKECHHS.

OcHOBHI pe3ysbTaTH PO3ALTY HaBeJieH1 B poboTax [3, 8, 12].

Y tperbomy po3aiii «MareMaTH4yHe MOJETIOBAHHSA MPOIECIB TENJI000MiHY
3 BHCOKOK e(eKTHBHICTIO OXOJIOJKEHHS» PO3TJISHYTI 3aBJaHHA MATEMaTUYHOTO
MOJICTIIOBaHHSI OXOJIO/DKEHHS TIOBEPXOHb 3 0araTOEIEeMEHTHOI0 CTPYKTYPOIO.
['eoMeTpuuHi MOJEdl MOBEPXOHb a) «IOJYMIHM 3 OKPYIVICHUMHM KpailkaMmy,
0) «CKpy4eHi CTPIYKW» Ta B) «BIIKPUTI MipaMiin» MPeICTaBIIeHI Ha pHC. 4.

g

Pucynok 4 — ['eoMeTpu4Hi MOJIEN1 MOBEPXOHb

MareMaTruyH1 piBHSHHS IOBEPXOHb:
a) «IOJIYIIIHU 3 OKPYTJIEHUMH KpaKaMm»:

(x—xn)2 + (y—O.Sly)2 +(z—zm )2 = rlfm npu y <0, 9)

n—1 o .
ne x, =tAl ., (T) ; (n =1,3,5..n pin); Npin — KUIBKICTH JOPDLKOK IO X;

z, =0.5Al; ,;, + (m—1)+ AL pins M=(1,2,3, ..., mpy); My — KUIBKICTE  TBCHEp
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[, —Al

z z pin

pin < N <M, +15 My, — KUTBKICTB HIBCREP 110 Z;

z pin
0) «ckpydeHi cTpiuku» (IMOBEPXHS CTPIYOK BKJIIOYAE JBI O1YHI MOBEPXHI Ta
TOPIIEBY):

Xy =x2(r, t)zr-cos z,

: I Ly
y2:y2(r,t):r-s1nt, 0<t<27mm,, _ESF_E’ (10)
Z2 = 22(7", t):t,
1€ M, — KIIBbKICTb BUTKIB CTPIYKH; M = —— [y;;cp — KDOK CKpYYyBaHHS;

pitch
B) «BIAKPUTI TIpamMign»:
PiBHSHHS TJIOIIMHU, [0 MPOXOAWUTH dYepe3 TPHU TOYKKM 3 KOOpAUHATAMHU
X(xo.y0.z0), Y(x1,y1,21), Z(X2,Y2,22):

X=Xy X —Xy Xy—Xq
Y=Yo M—Yo Y2~ Yo|=Ax+By+Cz+D=0. (11)

Z—2Zy Z1—Zy Zy—Z2

[ToBepxHST «BILAKPUTI Mipamigu» CKIAAa€Tbcsa 3 M'SATH IomuH. Topiesa
MOBEPXHS YTBOPEHA 3 TIOBEPXHI MEPEAHBOI IPaHi, B sIKii 3p0OJICHUIA BUPI3.

[TouaTtkoBi yMOBH 1 OOMEXKEHHS g TapamMeTpiB TMOBITPSHOTO KaHAy Ta
€JIEMEHTIB Oarapei JJIsi TaKuX MOBEPXOHb, SIK 1 y BUMAJAKY JJIA TJIAJKUX MOBEPXOHb
eJieMeHTiB Oarapei. [ paHuYH1 YMOBHM MOBEPXOHb «CKPYUEH1 CTPIUKH» — a/11adaTUyHI.

Ha puc. 5 ta puc. 6 HaBeneHi eekTUBHOCTI 0XxoJomxeHHs Li-ion 6arapei Ta
nepenaj TUCKY B MOTOI TOBITPSL.

400 -
44 - Il =t surface, calc
I et surface, calc I filleted pins, calc
I} filleted pins, calc Il twister ribbons, calc
Il twister ribbons, calc 300 I open pyramids, calc
34 [ open pyramids, calc |
o
3 N
2 o O o s i
Q2- o
S L______ <
14 100 -
0 04
1 2 3 4 1 2 3 4
V,, m/sec Vi, ,» m/sec
Pucynox 5 — Po3paxyHKoB1 3HaU€HHS Pucynok 6 — I[lepenaa Tucky B MOTOII
Q/ITD MOBITPS

OnHuM 13 3aBlIaHb JOCHII)KEHb € BUBYCHHS €(PEKTUBHOCTI OXOJIOJKEHHS Li-
ion Oatapeil 3 JOMOMOrow TerIoBoi Tpyoku. Ha puc. 7 mokazaHa reomeTrpuyHa
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MOJIeNTb TETUIOBOI TPyOKHM. MaremaThdHa MOJENb TEIUIOBOI TPYOKH MICTHTH TPHU
YaCTHHM: TEIIonepeaadya B eJIeMEeHTax Oarapei Ta TEeIUIOBid TPyOIll 1 OXOJIOHKCHHS
pajiatopa TEIIoBOi TPyOKH MOTOKOM IOBITPSI.

PiBHsiHHS TeruionpoBiaHOCTI (nudy3ii) O6e3 maxepen reneparli temiaa B 00JacTi
TEIJIOBO1 TPYOKHU:

T T 8°T o°T
a—:a)282+82+82 , (12)
ot ox° oy~ oz
| k .. :
e @ = |— ; k— TeIIonpoBiIHICTh; P — MUTOMA Bara Ta ¥ — TeIJIOEMHICTb.
p
TeroBi MOTOKK HA TPAHULISAX TEIJIOBOI TPYOKH 3 eJeMeHTaMu Oatapei:
/4
- X, aZaWaV:_a X, Y,z es s
9 el = Q ( Y ) 4 ( Y ) cell (13)
09 (X’y72)€Scellﬂ
Ta pajiiaTopa OXOJOIKEHHS:
/4
- X, 9Z)W9V:_9 X, YV, Z ES s
qrad = Q( y ) v ( y ) rad (14)
07 (X,y,Z)%Smd,

Ha iHmmx rpanuisgx craBuwincs aaiadatudni ymoBu. Bel mapameTpu ejeMeHTiB
OaTapei, MOBITPSHOIO IMOTOKY, MOYATKOBI YMOBHM Ta OOMEXKEHHS OyJM aHaJOT14H1
MOTIEPEAHIM MOIEIISM.

Jlist obuncneHHs BETUYMHHM TETUIOMPOBIIHOCTI TEIUIOBOT TpyOKM BOHa Oyiia
3aMiHEHa CYIIJIBHUM MarepiajioM 3 BHCOKOIO0 TeruionpoBiaHicTio. Ilimbupanacs
TEIUIONPOBIIHICTh IIHOTO MaTepiajgy Tak, 00 PO3paxyHKOBI Ta €KCIEPUMEHTAIBHO
BUMIpPSHI 3HAYEHHS CEpElHIX TEeMIEpaTyp MOBEPXOHb €JIEMEHTIB Oarapei Oyiu
PIBHUMH JIJIs1 OTHAKOBUX TEMIIEPATYP BX1JHOIO MOTOKY MOBITps. Y Tabu. 1 npuBeaeH1
00YHCIIeH] TEMIIEPATypH MOBEPXHI €JIEMEHTIB OaTtapei Ta TEeIUIONPOBIAHICTh TPYOKH.

Tabnuus 1 — TenaoBi XapaKTepUCTUKH TETLIOBOT TPYOKH.
T(8030), °C g, Bm/(mK) T(mun),’C | T(maxc),C | T(cped),’C

9.0 1100 17.1 21.8 20.3
20.0 1450 27.6 31.9 30.4
30.2 2400 37.0 40.5 39.2

38.6 2600 454 48.8 47.6
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EdextuBHicTh 0XOnomkeHHa Oartapei 3aleXuTh BiJl TEIUIOMPOBIIHOCTI
TEIJIOBOi TPYOKH Ta €(heKTUBHOCTI OXOJIO/HKEHHS paiaTopa MOTOKOM IMOBITPS 1 MOXKE
OyTu 3amucana sK:

-1 -1 _

(Q/ITD) :(Q/ITDradiator) +4q 1’ (15)

ne (Q/ IT. Dmdiator): 2 5 ©diator — CEPEIHS TEMIIEPATYypPa MOBEPXHI
T radiator ~— ) air

pazaiaTopa, oJiep>kaHa B pe3yJIbTaTi MOICIIOBaHHS.
Hpyruii 4ieH B npaBiit yacTuHi piBHSHHSA (15) BiJNoOBiTae cepeaHiil TEIIOBOI
MPOBITHOCTI B3JIOBX TEIJIOBOT TPYOKHU:

0

:Ea (16)

q

ne AT pi3HULS cepeqHbOl TeMIepaTypu IOBEpXHI eJeMeHTa Oarapei Ta
CepeIHbOI TeMIIEpaTypHu pajliaTopa.

Benuunna g Oyna obunciiena 3 piBHsSHHS (15) Ha mifcTaBi paHilie OTPUMaHUX
sHauenb Q/ITD ta Q/ITD . Ha puc. 8 mokazana temrepaTypHa 3aJeXHICTh

radiator
Q/[TDa Q/ITDradiator Ta q.
7 I 1 1 I
m-m Q/ITD

6 |10—® Q/ITD, s 3
< & g
—~ 5 -
2
=4k N
a
E 3l 7
=7 L . ° o

L "

5 10 15 20 25 30 35 40
Tiuicﬂ(oc)
Pucynok 7 — I'eomerpuuna mozaenp Pucynok 8 — TemnepaTtypHa 3aj1eXHICTh
TEIJIOBO1 TPyOKHU Q/ITD, Q/ITD, giaror T2 q

MopentoBaHHsl  TEIJIOBOTO  pEXKUMYy  oXoiojxkeHHs Li-ion Oarapei 3a
JIOTIOMOTOI0 TEIUIOBOI TPYOKH TOKa3ye, 110 HAWOIIBIINN MepexiTHUNA TeIUIOBUM OITip
BUHHUKAE HA JIUISHII OXOJOKEHHS pajiiaTopa TEIIOBOI TPYOKH MOTOKOM MOBITPSL.

OOuuncioBalbHUM METOJ Ha OCHOBI KOMIUIEKCY HPOOIEMHO-OPiEHTOBAHOTO
MPOrPaMHOTO MPOAYKTY OyB BUKOPUCTAHUU JUIsl MPUKIIAIHOT 3a/1a4l MAaTEMAaTUIHOTO
MOJICJIIOBAaHHS TEIJIOBUX MPOIECIB 1 MPUPOJHOI KOHBEKIII B ONTHUYHOMY OCEPEAKY
renito-3. XapakTep KOHBEKIIl TeJI0 CUJIBHO BIIPI3ZHSAETHCA BiJ JIOBXKUHHM 0OO0JacCTi
NOTJIMHAHHA ~ TOTYXHOCTI. BIACYTHICTP HYJBOBHUX KOMIIOHEHTIB  HIBHUIKOCTI
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KOHBEKTUBHHMX IIOTOKIB y BChOMY 00’€Mi Kamepu CBIAYUTH TpO e(eKTHBHE
nepeMilTyBaHHs Teio.

OngHuM 3 TEPCHEeKTUBHUX METOIIB OXOJOJKEHHS MOBITPS 10 TeMIiepaTypu
20°C Ta moaaJIbIIOro BUKOPUCTAHHS ISl BIJIBOIY TEILIa BiJl aKyMYJISITOPHOI OaTapei €
TEIJIOOOMIHHUKM 3 BUKOPUCTaHHAM M-nukiny. OXOJIOMKEHHsSI BIIOYBA€ThCS MPHU
BUIAPOBYBaHHI BOAM B CTPYKTypax 3 pO3AUIEHHMH IOTOKAMM TIOBITPS Ha JBa
MOTOKH: TEPIIMA — Ui MIATPUMKU TMPOIECY BUMAPOBYBAHHS BOIM, APYTHM — IS
0X0JI0/pKeHHs. PoOounii MK Tem100OMiHHMKA HAaBEIEHO Ha puc. 9.

Jlinig 1-2-3 € ineansaum M-nmkiom. s motykHoCTI oxonomkeHHs: 1500 Bm
Bix 50°C mo 20°C mositpst meoOximuo 10.8 iz Bogu. Taka BuTpara BOIHM IEIIO
00OMEXy€ 3aCTOCYBaHHSI TEIJIOOOMIHHHUKA B PYXOMHUX IPHUCTPOSIX, ajie MOXe OyTH
BUKOPHUCTAHA B CTAIlIOHAPHUX CTAHIIIAX MiA3apsaKku OaTapei.

HaykoBi pe3ynbTaTi TpEThOTro po3/IiTy omyOsikoBaHi B pobortax [2, 4 — 7, 9].

Y d4erBepromy po3aigi «CreHa A J0CTHIIKeHHS e(eKTHBHOCTI
oxosomxeHns Li-ion Oarapeii mNoBITPAHUM NOTOKOM» pPO3TJSHYTI NUTAHHS,
MOB'sI3aHI 3 PO3POOKOI0 CTeHAA IS JIOCHIUKEHHS CTaTHUYHHUX Ta JUHAMIYHHX
TEIJIOBUX XapaKTepucTUkK Li-ion GaTapeit mpu 0XOJ0KEHH1 iX MOBITPSHUM ITOTOKOM.
Y T1abn. 2 HaBeAeHI OCHOBHI XapaKTEpUCTUKH CTeHOy. biok-cxema cTeHIy
npeacrasiieHa Ha puc. 10.

BoaaywHas | [Moaynb crabunusaumm | Kamepa ans
CTaHUus TeMneparypel Bo3ayxa | [uccneayembix 06beKToB

[lat4uku, KOHTPONMEPbI, CNONHUTENbHbIE
YCTPOWCTBA M MHOrOKaHaNbHas cucTeMa
namepeHus u 06paboTku AaHHbIX

ABCONOTHRA BABNHOCTE, rfm?

Pucynok 9 — Ilcuxpomerpuuna Pucynok 10 — brok-cxema creHy Juist
aiarpama poOo4oro KTy JOCHIIKEHHS XapaKTePUCTUK 0XO0I0KeHHS Li-
TEMI000MIHHUKA ion OaTapei MOBITPSIHUM ITOTOKOM

Tabnuus 2 — OCHOBHI XapaKTEPUCTUKH CTEH]TY

BuxinHuii moBITPSHUN TOTIK 10 80 M’ /200
TemnepaTypa mOTOKY MOBITPsI HA BUXO/Il CTEH]LY -20° ++50°C
HecrtabinpHicTh TeMnepaTypy BUX1IHOTO MOTOKY MOBITps | He Ouibine = 0,1 °C
Hait6i1p1mmii TUCK MOBITPS HA BUXO1 CTEHTY 1o 7000 /1a
HecraliapHICTh BETUYMHU OTOKY TOBITPS He Oubie 3%
MakcumanbHa KiIbKICTh JaTYMKIB TEMIEPATYPU 640
TouHICTh BUMIpIOBAaHHS TEMIIEpaTypH +0,1°C

PesynbpraTu uerBepToro po3ainy omyOiikoBaHi B pobotax [3, 6, 7, 10, 11].
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Y n'aromy po3giti «Pe3yabratH MareMaTH4HOr0 MOJEJIIOBAHHA Ta
eKCIePUMEHTAJBbHOI0 JOCTiIKeHHsD» OIMCaHI KOMIUIEKCHI JOCIIKCHHS POOOTH
CTEH/Y Ta pe3yJIbTaTU JOCIIKEHHS €(heKTUBHOCTI OXOJIOKEHHs OaTapei.

BigHocHi  BiaxuieHHs  €(QEKTUBHOCTI  OXOJIOJKEHHSI  IMITaToOpiB  JJis
€KCIIEpUMEHTAJIbHUX JIaHUX 1 pe3yJIbTaTiB MOJICIIOBAHHS HaBeeH1 Ha puc. 11.

BinmHocHa pi3HUIT TUCKY Yy BXIJHOMY IMOTOL TOBITPS, OTPUMAHOro 3a
pe3ybTaTaMu MOJICTIOBAHHS 1 €eKCIIEPUMEHTATBHUX JTAHUX:

in in
Pcaic — Pexp
y=— (17)
Po

A€ po — THCK y BHXIJHOMY IIOTOL TOBITPS p,.;. — PO3PAXYHKOBHUIl THCK Y

BXIJJHOMY TMOTOIIl TMOBITPS; p;’;p — BUMIPSIHUM THUCK y BXIJIHOMY MOTOLI MOBITPS

in
pexp =Po +Apexp .
Ha puc. 12 HaBeneHi BIHOCHI PI3HMII PO3PAXYHKOBUX THCKIB Y BXITTHOMY

MOTOIIl TTOBITPSI Ta €KCIEPUMEHTATLHUMU JAHUX B 3aJI€KHOCTI BiJl MIBUIKOCTI MOTOKY

MOBITPSL.
1.0 5 ——— S

@ = rjlazaKas rnoBepxHoCThb E - riaajaxkas nmoBepxXHocTh
40 - - TIOMYTTHHBI CO CKPYTJICHHBIMA KPOMKaMH 1 - = MOJIYTTHHBI CO CKPYTJICHHBIMH KPOMKaMH V
@ = CKpY4€HHBIC JICHTOYKH @ = CKPYUYCHHBIC JICHTOYKH /
2 - OTKPBITBIC ITHPAMM/IbI 1 - OTKPBITBIC THPAMH/IbI %
. /
. 05 \:yAp x 10 V é
S i > NN / /
\\ \\ é é

\\ N
N
\\ 57 / /
W\ O\ % =)
\\ % 87
1 \ A P\ »’o‘c/
\\ A B el
0.0 A\ ] i &7
1 2 3 4
IMotox Bo3ayxa, M/cex IMoToxk Bo3aYyXA, M/Cex
Pucynok 11 — BiiHOCHI BIIXWJICHHS Pucynok 12 — BilHOCHA p13HUIIA TUCKY Y
€(EeKTUBHOCT1 OXOJIOJ)KEHHS IMITAaTOPIB  BXI1JHOMY IOTOIIl MOBITPS, OTPUMAHOTIO 3
IUTS EKCIIEPUMEHTAIIBHUX TaHUX Ta pE3yNIbTATIB MOJICTIOBAHHS 1
pe3yIbTaTIB MOICITIOBAHHS EKCHEPUMEHTAIIBHUX TaHUX

HaykoBi pe3ynbpTaTi 4eTBEpTOIro po3/Iily omy0sikoBaHi B pobortax [2, 6 — 9].
Y nopatky A mpeacTaBiIeHO JOKYMEHTH, IO MiATBEPKYIOTh BIPOBAKEHHS
pe3ynbTaTIB AUCEPTAINHOI pOOOTH.
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BUCHOBKH

Y aucepramiiiHiii poOOTI OTpUMAHO HOBE PIMICHHS HAYKOBO-TEXHIYHHUX
3aBJaHb MOJICTIOBAHHS TEIUIOBHX IPOIECIB TPH OXOJO/KeHHI Li-ion Oarapeii;
oOuncieHHsT e(PEeKTUBHOCTI OXOJIOMKCHHSI Ta MPOBEACHHS JOCTIKEHb Ha CTEHII 3
HACTyITHUM TIOPIBHSHHSM pE3YyJbTaTiB MOJIEIIOBAHHSI 3 EKCIEPUMCHTATBHUMHU
TaHUMHU.

Ha mincraBi oTpUMaHHX pe3yibTaTiB JUCEPTALIiHOI pOOOTH MOXKHA 3pOOUTH
TaKi BUCHOBKH.

1. OrpumaB mnojanbliuii PO3BUTOK METOJ, MATEMAaTUYHOTO MOJIETIOBAHHS
TEIJIOBUX MPOLECIB MPU 0X0J0/KeHH1 Li-ion 0atapeil moBITPSIHUM MOTOKOM 3 MaJlOr0
MIBUKICTIO, KW 3a0e3medye OOUYMCICHHS €(PEKTUBHOCTI CHCTEM OXOJIOHKCHHS
Oarapeli Ha OCHOBI YCEpETHEHHS TEMIIEpaTypHUX TIOJIB IOBEPXOHb EJIEMEHTIB
Oatapei, onNTHUMI30BaHI TapaMeTpu Mojelield. BukoHaHO omTuUMI3allil0 MapaMeTpiB
MOJIEIeN OXOJIOJKYIOUMX TOBEPXOHb, BHU3HA4YEHI BUMOTU JO OOJaTHAHHS IS
JTOCHIKeHHST €(EeKTUBHOCTI OXOJIOMKeHHs1 Oatapeil. Po3poOneno crena s
AOCHIDKEHHSI e(EeKTUBHOCTI oxojokeHHs Li-ion Oartapeid oOHOpiAHMM Ta
CTaOlIbHUM ITOTOKOM IOBITPS 3 MaJIOIO IIBUJKICTIO TMOTOKY. KOHCTPYKTHBHO CTEH.I
BKJIIOYAE B cede:

— NOBITPSIHY CTaHI[IO, 10 3a0e3nedye pEeBEPCHUM MOBITPSHUNA MOTIK [0
80 ' /uac 3 HeCTabIIBHICTIO TOTOKY He Gibiue 3%;

— MOAyJib cTabum3allli TeMrneparypu BUXIJHOTO TMOTOKY IMOBITPA B Jiana3oHi
Big —20 °C mo +50°C Ta MOBroTpUBAIOK HECTAOIIBLHICTIO TEMIIEPATYPH IIOTOKY HE
oinbme +0.1°C;

— KaJOPUMETPUYHI KaMepH JUI BUMIPIOBaHHS TEIJIOBUX XapaKTEPUCTHUK 301pKU
IMITaTOpIB, IO CKJIagaeTbes Bia 2 1o 10 imiTaTopis;

— 640-xaHalbHy CHUCTEMY BHUMIPIOBaHHS TEMIIEpPATypH HA MOBEPXHSIX 301pKH
imitaTopis 3 Tounictio + 0.1°C ms mianasony Temmepatyp Big —55°C mpo + 125°C.

2. Po3pobiieHo MeTon po3paxyHKy e(EeKTHBHOCTI CHCTEM OXOJOJDKEHHS Ha
OCHOB1 BHUMIPIOBAaHHSI TEMIIEpATypHUX TIOJIB Ha TOBEPXHAX €JIEMEHTIB Oarapei Ta
BIIEpIIe  BUMIpAHI  €(EKTHUBHOCTI CHUCTEM  OXOJOJDKEHHS Uil  CKJIaJIHUX
OaraTokaHaJbHUX CTPYKTYp Ha MOBEPXHSX €leMeHTIB Li-ion GaTapeil moBepXHi TUITY
«TMOJYTIHM 3 OKPYTJIEHUMHU KpallKaMu», «CKPYUYEH1 CTPIUKK» Ta «BIAKPUTI MIpaMIIN».
BumipsiHi epeKTUBHOCTI OXOJIOKEHHS 301pOK IMITaTOPIB 3 TAKUMH MOBEPXHIMH IS
3a30py MK iMiTaTOpaMu 3 MM, Jllala30Hy TeMIepaTyp BXiTHOTO MOTOKY MoBiTps 10
— 40 °C ta mBuakocti MOTOoKy 1 — 4 m/cex. EPEKTUBHOCTI OXOJIOKEHHS I ABOX
OCTaHHIX BHUJIB MOBEPXOHb OLIbII, B MOPIBHSIHHI 3 IHIIMMH HOBEPXHSAMH, OJIHAK,
nepernaj THUCKY, NP BUKOPHUCTAHHI MOBEPXOHb THITY «CKPYYEHI CTPIYKK», MEHIIE,
HDK Yy BHIAJIKY «BIOIKPUTI Tipamigw», MO PoOOUTh OUIBII TPUBAOIUBUM
BUKOPUCTAHHSA TIOBEPXOHb THUITy «CKpPY4Y€HI CTpiukw». Pe3ynbrati BUMIPIOBAHb
NOPIBHIOIOTHCS 3 PE3yJIbTaTaMH MOJIETIOBaHHs. Jleska BiIMIHHICTh PO3PaXyHKOBUX
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3Ha4YeHb 3 EKCIEPUMEHTAJIbHO BUMIPSHUMHU JJS TOBEPXOHb 3 BEIUKUAM YHCIIOM
€JIEMEHTIB MOKE€ MaTH TOSICHEHHS HE aOCONIOTHICTIO (GOpMH pealbHUX Ta 3aJaHUX
JUISL pO3paxyHKiB TOBEPXOHb.

3. MeTooM MareMaTUYyHOTO MOJEIOBAaHHS OTPUMAaHI ONTUMAJIbHI MMapaMeTpu
sl MOAyJlia 3 imitatopamu Li-ion Oartapeil, Boepiie po3poOsieHI Ta BUTOTOBIIEHI
imiTatopu Li-ion Oatapei 3 TEIUIONPOBIAHICTIO B IUIOMIMHI 1MiTaTopa piBHOI
60 Bm/(mxK) Ta TEIJIOMPOBIIHICTIO TIO TOBIIMHI iMiTatopa — 1 Bm/(mxK). Pobounii
peXUM IMITaTOpa BIAMOBIA€ HANUOLIBII BaXXKOMY PEXKUMY EKCILTyatailii Oartapeil.
[Tpu poOoTi BiH Buaise 10 15 Bm Terua Ha 00MAB1 MOBEPXHI.

4. Ha 0CHOB1 MaTeMaTUYHOT'O MOJEIIOBAHHS TETIJIOBUX MPOLIECIB OXOJIOIKESHHS
Li-ion OGartapei Bu3HaueHl W ONTUMI30BaHI MapaMeTpPU MOBITPSHUX IOTOKIB, IO
OXO0JIOJKYIOTh Moaymi Li-ion Oarapeid, Ta Bmepiie po3poljieHa KaJopuMeTpUdyHa
Kamepa JJisi BUMIPIOBaHHS €(EKTUBHOCTI OXOJIOM)KEHHS OKPEMHUX €JIEMEHTIB Ta
monyniB Li-ion 6atapei o JHOPIAHUM MOBITPSIHUM ITOTOKOM.

5. Ymepiie BHKOHAaHO MOJIETIOBaHHS Tpoliecy oxoiokeHHs Li-ion Oarapeit
0araToceKIliifHOI TEIJI0OBOI0 TPYOKOI0, po3po0IieHa OaraTocekIliiHa TeniaoBa TpyoOka,
BUMIpsSiHa e(EKTHUBHICTb OXOJOMKeHHs Li-ion Oarapeli TeEIIOBOWO TPYyOKOIO,
3alpONOHOBAHUN METOJ OOYHMCIEHHS 1 BH3HAU€HA MHUTOMa TEIUIONPOBIIHICTh
TEIJIOBOI TPYOKH.

6. 301NIbIIIEHO KUTHKICTh KaHAJIIB BUMIPIOBAHHSA TEMIIEpaTypu HJisi aHaJIoOro-
udposoi kaptu NI PCI-6225. Po3pobneno 20-kaHaiabH1 aHAJIOTOB1 KOMYTaTOPH JIJIs
640-kaHaIbHOI CUCTEMU BHMIPIOBAHHS TEMIEpAaTypu Ta MporpaMHe 3a0e3MeyYeHHs B
cepenouili LabView. Bukonano po3paxyHOk MOXHOOK BUMIPIOBaHHS €(pEKTUBHOCTI
OXOJIO/PKEHHS IMITaTopiB, BHUMIpIoBaHOro Ha creHal. [loxuOka BHUMIpIOBaHb
€(EeKTUBHOCTI OXOJIOJPKCHHsSI 1MITAaTOpiB (3 PpI3HUMU BHJAMH TOBEPXOHB) abo
TEIJIOBOIO TPYOKOIO He mepeBullye 5% ans BChOrO Jlama3oHy TeMmIepaTryp Ta
BEJIMYMH MMOTOKIB BX1IHOT'O MOBITPSI.

7. Pesynbratu 1i€i poOOTH BUKOPUCTOBYIOTHCS B PO3POOKaX HOBOTO HAYKOBOT'O
ob6magnanas B HHI X®TI. Tak, Hanpukiaa, METOIM MaTeMaTHIHOTO MOJICITFOBAaHHS
MOJICTIIOBaHHSl TPOIECIB  OXOJIO/DKCHHs/HarpiBaHHs Ta 640-xkaHainbHA cHUCTEMa
BUMIPIOBaHHSI TEMIIEPATypPH BHUKOPUCTOBYIOTHCS B EKCIIEPUMEHTAJbHIA YCTAHOBII
«MillleHb MOJSPUZOBAHUX SACP TeIit0-3».

CIIMCOK ONNYBJIKOBAHUX IPAIlb 3A TEMOIO JJUCEPTAIIII

1. Fedorchenko D. V. Mathematical Simulation of Conjugate Heat Transfer for
Accumulator Batteries / D. V. Fedorchenko, M. A. Khazhmuradov, A. A. Lukhanin,
Y. V. Rudychev // Radioelectronics & informatics. — 2012. — No. 4(59). — P. 78 — 81.

2. Byelyayev A. A. Measurement of air cooling characteristics for the several
surface types of Li-ion battery / Andrey A. Byelyayev, Dmitrij V. Fedorchenko,
Manap A. Khazhmuradov, Aleksandr A. Lukhanin, Oleksiy A. Lukhanin,
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Sergey O. Martynov, Yegor V. Rudychev, Eugen O. Sporov, Upendra S. Rohatgi //
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noctymy: www. URL: https://www.bnl.gov/isd/documents/86095.pdf

10. benseB A. A. 640-kaHanpHasi CHUCTEMa PETUCTPALMUA TeMIleparypsl /
A. A. bensie, A. A. Jlyxanun, M. A. Xaxmypanos // UHpopManinoHHbIE CUCTEMBI U
TEXHOJOTHH: TE3UChl JOKIanoB. [V  MexmayHapomHass Hay4YHO-TEXHUYECKas
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11. bensie A. A. MHOrokaHajibHasi CUCTeEMa M3MepeHus TtemnepaTypsl u On-
Line oOpabotka  manHbix /  A. A. benses, Anexcauap A. Jlyxanus,
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BBICOKHUX DHEPTHM, AJACPHON (PU3NKE U YCKOPUTEIISM: T€3HUCHI T0KIaa0B. 16—20 mapTa.
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12. JIyxanin O. O. Onrtumizaiisi mpouecy OXOJOMIKEHHS aKyMYyJISTOPHHX
Oarapeii / O. O. Jlyxanin, C. I IIpoxopemns, €. B.Pyauues, ]| B. ®enopuenko,
M. A. XaxxmypanoB // Mixuaponna HaykoBa koH(pepeHis «llutanHs omtumizaiii
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AHOTALUS

Jlyxanin O.0. MaTtemaTu4Hi Mojgesii Ta 004YUCIIOBAJIbHI METOAU AHAJI3Y
epekTUBHOCTI cucTeM oxoJ10/:KkeHHs Li-ion 6atapeil moBiTpsiHuM moTokom. — Ha
paBax PyKOIUCY.

Jucepranis Ha 3400yTTS HAyKOBOIO CTYNEHs KaHAWJATa TEXHIYHHMX HayK 3a
conemanpHIcTIO 01.05.02 — MaTeMaTUYHE MOJEIIOBAHHSA Ta OOYMCIIIOBAIBLHI METOJIH.
XapKiBCbKUI HalllOHAJIIbHUN YHIBEPCUTET PalioeNeKTpOHIKM MiHICTepcTBa OCBITH 1
HaykHu Ykpainu, Xapkis, 2017.

Juceprattist mpucBsyeHa po3po0O1ll METO/IIB MATEMAaTUYHOTO MOJICIIFOBAaHHS Ta
JOCTI/DKEHHSI TeIUIOBUX TpoueciB B Li-ion OaTapesx 3 BEIMKOI HAKOIJICHOIO
SHepriero /Ui MiABUILEHHS e()EeKTUBHOCTI, HAAIMHOCTI Ta TEPMiHY BUKOPUCTAHHSA iX B
aBTOMOO1Ie0y TyBaHHI Ta IHITUX 00IACTSX.

BukoHaHO MaTeMaTH4YHE MOJEIOBAHHS TEIUIOBUX MPOIECIB MPU MOBITPIHOMY
OXOJIOJKEHH1 00’€KTIB 3 BEJIMKOIO KUIBKICTIO €JIEMEHTIB MEPIOJUYHOI CTPYKTYpH Ha
MOBEPXHSX 3 BUKOPUCTaHHIM nporpamuoro nakery SolidWorks Flow Simulation.

IIpoBeneHo po3paxyHKH Ta JOCTIIKEHO e(DEKTUBHOCTI 0XOJOMKEeHHs Oarapei 3
HOBEPXHIMH B BUIJISI/IL «IOJYIIHU 3 OKPYTJIEHUMH KPOMKaMU», «CKPYUYEH1 CTPIUKU»
«BLAKpUTI mipamian». ExcriepuMeHTanbH1 pe3ynbTaTi OJIU3bKi 10 PO3PAXYyHKOBHUX.

PosrnsiHyra MareMatuyHa MOJEIb TEIUIOBOI TPYyOKH, ofepKaHi e€()EeKTUBHICTh
oxonmomxkeHHs: Li-ion ©Oarapei TEIIOBOIO TPyOKOI Ta 3aJE€XKHICTh MUTOMOI
TEIJIONPOBITHOCTI TETJIOBOT TPYOKHU BiJl TEMIIEpaTypu eJeMeHTa b6arapei.
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BukoHano MoperoBaHHS Hpolecy oxoJjomkeHHs Li-ion Oartapeil, ocHOBaHOMY
Ha BUKOPUCTAHHI IICUXPOMETPUYHOT pi3HUIIl TemiiepaTyp (M-1mkn).

Kiarw4oBi cioBa: maremaTthuHe MojentoBaHHs, Li-ion Oarapei, MmMoBITpsiHUM
MOTIK, TeMIeparypa, THUCK, €(QEKTUBHICTb OXOJOJKEHHs, OOJaJHaHHS, KamMmepa,
JATYUKH, TETIOBA TPyOKa.

AHHOTALMS

Jlyxanun A.A. MatemMaTn4ecKue MOAEJH U BBIYMCIUTEJIbHbIE METOIbI
aHaan3a 3(P(PeKTUBHOCTH cHCTeM oxJaxaeHuss Li-ion 0arapeid BO3IyIIHBLIM
norokom. — Ha npasax pykonucu.

JuccepTraiys Ha COMCKaHUE YYEHOM CTENeHH KaHauaTa TEXHUYECKUX HAyK 110
cnenpasibHOocTH 01.05.02 — MaremaTudeckoe MOJEIMPOBAHUE W BBIYUCIUTEIBHBIE
MeTOAbl.  XapbKOBCKMW  HAMOHAIBHBIM  YHHBEPCUTET  PAJAMODICKTPOHHMKHU
MunucrepcTBa 0Opa3oBaHus U HayKu Y KpauHbl, XapbKkoB, 2017.

Huccepranysi ~ TOCBSIIEHA  Pa3BUTHIO METO/IOB MaTEMaTUYECKOT0
MOJICJIMPOBaHUsI M HCCIEIOBAaHUIO TEIUIOBBIX TMpoleccoB B Li-ion Oatapesx c¢
OOJBIION 3aMaceHHOW SHEepruei NI MOBbIIEHUS 3PQPEKTUBHOCTH, HAACKHOCTH H
CpOKa UCTOJIb30BaHUS B aBTOMOOHMIIECTPOEHUH, U APYTUX O0IACTSX.

[IpoBeneHO MareMaTHYECKOE MOJEIUMPOBAHUE TEIUIOBBIX IPOLIECCOB IpHU
BO3JIYIIIHOM OXJIAKJIEHUU [JIi OOBEKTOB C OOJBIIUM KOJWYECTBOM 3JIEMEHTOB
MEPUOJINYECKON CTPYKTYPhI HAa MOBEPXHOCTAX, NEPEMEIINBAIOUIUX BO3AYIIHBIE CIIOU
B moToke. B pabote ucnonszoBasics CFD maket SolidWorks Flow Simulation.

OnHolt W3 3aday HCCIENOBAaHUM sBIsSETCS U3ydeHHEe dS(PPEeKTUBHOCTU
oxJjaxaenus Li-ion 6arapeii ¢ moMoIbio TeroBoi TpyOoku. MozaenupoBanue paboThI
TEIJIOBOM TPYOKM M MPOLECCOB oxJiaxaeHusi Li-ion 6arapen ¢ mOMOIIbIO TEIUIOBOM
TpyOKkHM ocymectBisuiock npu nomom nakera SolidWorks Flow  Simulation.
TemnoBass TpyOka, paboTaeT Mo mNpUHOMIYY TepMocudona. Jjig BeUKCICHUS
TEIUIONPOBOAHOCTH TEIIOBOM TpyOKH OHa Obljla 3aMEHEHa CIJIOLIHBIM MAaTEpPHaJIOM C
BBICOKOM TeronpoBoAHOCThIO. [logOupanack Benu4MHA TEIJIONPOBOAHOCTH 3TOTO
Marepuana TakK, 4YTOO pacyeTHble M HKCIEPUMEHTAJIbHO HM3MEPEHHBbIE 3HAUYCHUS
CpPEIHUX TEMIIEpaTyp TOBEPXHOCTEM »HIEMEHTOB Oartapen ObUIM paBHBI JJId
OJIMHAKOBBIX TEMIEpPAaTyp BXOAHOrO IOTOKa Bo3Ayxa. B 3ToM ciyuae,
TEIUIONPOBOAHOCTh TEIJIOBOM TPYOKH COOTBETCTBYET TEIIONPOBOJAHOCTH CILIOIIHOTO
MaTtepuania. TeraonpoBOAHOCTh TEIJIOBOM TPYOKH B IMaria30HE TEMIIEpaTypbl OTOKA
oxnaxparomiero Bosayxa 9 — 40°C pacrer ¢ 1100 Bm/(mxK) no 2500 Bm/(mxK), a
s¢dexTuBHOCTL OXnaxaeHus Oarapen — ¢ 1.3 Bm/°C mo 1.7 Bm/°C. TlokazaHo 4ro
OCHOBHOW BKJaJ B orpaHudeHue 3>G(HEKTUBHOCTH OXJIAXKACHHUS OaTapeu BHOCHT
3 (HEKTUBHOCTH OXJIAXKICHUS pauaTopa TEIIOBOU TPYOKH.

Jns uccnenmoBaHMsl TPOILIECCOB OXJIAXKJEHHMST W HarpeBa Li-ion Oartapeu
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BO3/IYIIIHBIM MTOTOKOM ObLIa MpOBEAEHA ONTUMH3AIUs TpeOOBaHM K 000PYIOBAHUIO
U pa3paboTaH UCTIBITATENbHBIA cTeH . CTeH 1 BKIIIOYaeT B ce0sl BO3AYLIHYIO CTAHIIHIO
¢ motokoM 10 80 w’/uac, MOy CTAGHITH3AIME TEMIIEPATYPhI BO3IyXa B AHAIIA30HE
oT —20 C 5o 50 C, 640-kaHaIbHYIO CUCTEMY U3MEPEHUS TEMIIEPATYPHI U KAMEPHI J1JIsI
uccienyembix 6arapeil. [Ipennoxxen meroa uzmepeHus 3QPEKTUBHOCTH OXJIAXKICHUS
C UCIOJIb30BAaHUEM HMHTATOPOB 3JIEMEHTOB Li-ion 6arapen ¢ TeNmI0TeXHUYECKUMHU
XapaKTEepUCTUKAMHU, COOTBETCTBYIOUIMMHU 3JeMeHTaM Li-ion OGatapeu. MmuTtaTopbl
MMEIOT BHUJ MNPAMOYTOJIBHOTO Mapajuienenumena co cropoHamu 150x200x12 mm.
TennonpoBognocts 60 Bm/(mMxK) B TpONONbHBIX HampaBieHUsX, 1 Bm/(uxK) B
rmonepeyHoM HamnpasiaeHud. TermmoemMkocTh 0,8 xk/[owc/ke. TermoBbIAeICHUE B KaXKIOM
umutatope 15 Bm. IlpuMeHeHHe Takoro MeToja MO3BOJISIET MPOBOAUTH W3MEPEHHE
3¢ ()EKTUBHOCTH OXJIAXKIEHUS C TOYHOCTHIO 15%.

Jis mpoBepku pabOThI CTEHJAa U TOMYy4YEHHUS AAaHHBIX 00 3(PQPEKTUBHOCTH
oxJaxaeHuss Oarapen ObulM pa3pabOTaHbl U  HM3TOTOBJIEHBI HMHUTATOPHI C
MOBEPXHOCTSIMU M3 aOMUHHUEBbIE (DOJIBIM B BUAE «IOJYHUHBI CO CKPYTICHHBIMU
KPOMKaMM», «CKPYUYEHHBIE JIGHTOUKN» U «OTKPBIThIE TUPAMHUJIBD.

OKcrepuMeHTaNbHbIE 3HAaYeHUs IP(PEKTUBHOCTEN OXJIaKIECHUS UMUTATOPOB C
pa3HBIMU BUJAMU TIOBEPXHOCTEH W Tepemnajbl JaBICHUS HA UMUTATOpax, OJU3KH K
pPacCUYEeTHBIM.

KaroueBbie cjoBa: Maremaruueckoe MojaenupoBaHue, Li-ion Oatapeu,
BO3NYIIHBIA TOTOK, TeMmImeparypa, JAaBieHHe, 3SP(HEKTUBHOCTh OXJIAXKICHUS,
o0opya0oBaHue, Kamepa, JaTYUKH, TeIIoBasi TpyOKa.
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analysis of the air cooling system efficiency inside Li-ion batteries package. —
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Dissertation describes the development of modeling and research methods of
thermal processes in Li-ion batteries and aimed to improve the efficiency and
reliability of its use in the large stored energy automotive industry, and other fields.
Using the efficient management of thermal processes allows up to 20% increase in
usage of battery capacity, reduce the weight and increase the service life.

Mathematical modeling of thermal processes, with air cooling technique of
objects with a large number of elements and periodic structure on the surfaces, use
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SolidWorks Flow Simulation software package.

Efficiency calculations and battery cooling surfaces studies in the form of "half
pins with rounded edges," "twisted ribbon" and "open pyramid" were numerically
modeling. The experimental results are in the good agreement with the calculations.

Key words: mathematical modeling, Li-ion batteries, air flow, temperature,
pressure, cooling efficiency, equipment, chamber, sensor, heat pipe.
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[lign. no apyxky . .1
®dopmat 60%x84 1/16.
Crnocib npyky — puzorpadisi.
YMoB. apyk. apk. 0,9
Tupax 100 opum.
3am. Ne -

[{ina morosipHa.

XHVYPE 61166, Xapkis, np. Hayku, 14
BignpykoBano B HaBYaJIbHO-HAYKOBOMY
BUIaBHUYO-TIoJIrpadiunomy 1ieHTpi XHYPE
61166, Xapkis, np. Hayku, 14



