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MOJEJJIIOBAHHSI HAT'PIBAHHS TA BUITAPOBYBAHHS KPAIIEJIb
BIOJU3EJBHOTI'O ITAJINBA

Onucana po3pobiena mooenb 0l HAzPieanHs ma SUNAPOBYEANHs MYTbMIKOMNOHENIMHUX KPANeb, Wo
spaxosye egexm memMnepamypHozo epadicHmy, peyepKyaAyii ma ou@ysii Komnowenmie ycepeouni
Kpanenv. Moodenv Oyna 3acmocosana 0o ananizy kpanens OioousenvHozo namuea. Ilpoenosysanns 3a yieto
MOO@ILI0 NOPIGHIOBANOCH 3 NPOSHO3YEAHHAM [HULOT MOOe, Wo OA3Y6anacs Ha HAOIUINCEHHI DIOOU3ETbHOO
naued, SUKOPUCTNOBYIOUYU O00uH Komnowewm. I1'simb munie 6io0usenvHo20 namuea OGyau po3enAHYmi:
Hanvmosuti Memunosuui Egip, wo eupobnenuii 3 nanvmogoi onii; Kononnanuii Memunosuti Egip, wo
supobenull 3 KoHonAHoi onii 8 Yrpaini ma €8pocorosi; Pinakosuii Memunosuti egip, wo eupobdrenuti 3
pinaxoeoi onii 8 Yxpaini, ma Coesuiit Memunosuti Eghip, wo eupobnenuii 3 coesoi oxii. Byno noxasarno, wo
cnpoweHa mooens, wo 0a3yeEmbcs HA NPeOCmAasiieHHl 0I00U3enbHO20 NAAUBA 3d OONOMOZOK OOHO20
KOMNOHEHMY SUKIUKAE NOMUTKY 8 NPOSHO3Y8AHHI GUNAPOBYBAHHA KPANeib i memMnepamypu noeepxHi 0o
5,5 ma 2,4 % eionosiono.

Knrouosi cnosa: 6iodusenvhe naiueo, 6unaposy8anHs Kpaneivb, MOOenOGAHHS.

IMocranoBka mnpo6iemu. TepMmiH «0ioau3enby BHKOPUCTOBYEThCS [UIs NajMB, IO CKIAAAIOThCS 3
MOHOAJIKIJIOBUX €(ipiB )KUPHUX KHUCIOT, IO MOXOAATh 3 POCIMHHOI oJiii abo TBapuHHOTrO *mpy [1]. Yacrime
BCHOTO 0i0/1M3€J1b — 1Ie METHJIOBUIT YK €THIOBUI e(ip )KUPHOT KUCIIOTH, L0 BUTOTOBJICHUH 3 POCIMHHOI Ol 4u
TBapUHHOI'O KHPY, BIACTUBOCTI SKOTO TakKi, [0 MOXYTh 3aCTOCOBYBATHUCS SIK MaJHMBO Yy AM3EIBHHUX JBUTYHaX
BHyTpimHBOTO 3ropsHHEA [2]. 3rigao 3 JACTY 6081:2009, mix nu3ensHAM Oi0TaIHBOM PO3YMIIOTH MOTOPHE
MAJINBO, 110 BUTOTOBJICHO 3 CHPOBHHH 010JOTIYHOTO MOXO/DKEHHS AJIsl BUKOPUCTAHHS B IBUTYHAX 13 3alaJIeHHAM
BiJl CTHCHEHHs. MeTWIoBHiA edip pimakoBoi oiii B kKpaiHax €Bpomu Ta MeTHIIOBHH edip coeBoi oiii B AMepwiIi
(i manmuBa 1Ie HA3WBAIOTH OlOMM3ENBFHUMH, a00 «Oioan3enem») € HaWOUIbII PO3NOBCIOPKEHUMH IH3EITbHIMHI
OlomanuBamu, IO BHUKOPHCTOBYIOTHCS Y 3BHYAWHOMY AM3ENBHOMY JABHTYHI. B TOH e d9ac, pO3BHBAETHCS
BUPOOHMITBO OiOMANIMB JPYroro IMOKOJIHHS, IO, SIK IPaBHIIO, BUTOTOBIISIOTHCS 3 MPOAYKTIB, SIKI HE MPHIATHI
JUTs 1K1, HanpuKiam, 3 Bogopocreil. Jlana pobdorta chokycoBaHa Ha MOJICIIOBaHHI HAIPIBaHHS Ta BUIIAPOBYBAHHS;
Kparenb 010An3eNpHOro nanuBa. MOJETIOBaHHS IMX MPOLECIB JyKe BaXJIMBE, 1100 3pO3yMITH MpolecH
3TOPSIHHS B AU3EJILHOMY JIBUTYHI.

AHaJIi3 0CTaHHIX M0CTiIKeHb, J[eKiibka MOZENEH [JIsi HArpiBaHHS Ta BHUIIAPOBYBAHHS 010JU3EBHOIO IMAMBa
Oymu po3msiHyTi B podotax [3, 4]. Tak, B podoti [3] Oyi0 mpoaHaai30BaHO BHITAPOBYBAHHS IBOX 3paskiB BII,
KOPHCTYIOUNCh METOJaMH HETlepepBHOI TEPMOJWHAMIKH. BimbmiicTh 13 iCHyIouMX Mojeied, abo IrHOpYIOTh
TeMIIePaTypHUIA TPAIieHT 1 AuQY3if0 KOMIIOHSHTIB BCepemuHi Kpamenb abo OepyTs iX IO yBarm, 0a3ylodnch Ha
YHCIIOBOMY pIIICHHI TU(QEpeHIiHHNX PiBHIHD B YACTKOBUX MOXITHHUX. ANBTEPHATUBHUH MiIXiM IO MOCIIOBAHHSI
IUX TIPOLIECiB, M0 0a3yeThesl HAa BBEACHHI aHAITHYHUX PIlleHb MU(epeHIIHIX PIBHSHD B YHCIIOBI alrOpuTMH, OyB
posrisiHyTHil B [5, 6]. Moens, 0 BUKOPUCTOBYETHCS y HALIOMY aHaIli3i 0a3y€eThCsl HA OCTAHHBOMY ITiIXO/Ii.

MeTo10 cTaTTi € MOAENIOBAaHHS HAarpiBaHHS Ta BUIIAPOBYBAHHS Kparesb 0i0JU3eIbHNX MalliB, 0a3yrouuch
Ha TX MOJICKYJIAPHOMY CKJIai.

Ba3oBi piBHAHHA Ta anpokcumanii. Mogens HarpiBaHHA Ta BHUIIAPOBYBaHHS Kpamenb, IO
BUKOPHCTOBYETBCSl y 1l cTarTi onucana B po6oTi [6]. OcHOBHI izel 1iei Mozeni KOpOTKO OIMcaHi B CTATTi.
Ockinbku i B [3—13], mOmMycKaeThes, MO MPOLECH BUIAPOBYBAHHS Ta HATPIBAHHS B KPAIUIX € CHEPHIHO —
cuMeTpuyHNMUA. Mojenb Oepe 10 yBard HacTYIHI MPOIIECH, 10 BiIOYBAIOTHCS BCepeauHi Kparmnenb: 1) qudysiro
pI3HMX CKJIQJIOBUX 4YacTUH (KOMIIOHEHTIB); 2) OOMEXEeHy TeMIIepaTypOlpOBIAHICTh, 3) BHYTPILIHIO
PELUPKYJIALII0 3aBSKH BITHOCHIH IIBUJIKOCTI MIXK OTOYYIOUMM I'a30M 1 Kparuiero. BB kparens Ha oTouyrode
HOBITPSl ITHOPYETHCS y NaHii Monerni. HarpiBaHHsT Kpariellb ONMUCYETHCS HACTYIHUM TEPEXiJHUM TEIUIOBUM
PIBHSHHSIM IIPOBIHOCTI:
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ne & —uac; R _ incrans sin HeHTpa kparmii; T — Temreparypa; ' — e(eKTUBHA TEMIIEPATYPOIPOBIAHICTE.

EdexruBHY TeMrepaTyponpoBiaHicts * MoxHa BuzHauuTH, K i B [11]:

— aff
k=" Cipn )
ne Keff — e(peKTHBHAN KOE(]ili€HT TEIUIONPOBITHOCTI; € — muroma TemtoemHicTb piguan; A1 — rycruna
piouHH.
3naucHHs Keff MOXKHa BU3HAUNTH 32 IOMOMOTOK HACTYITHOTO BHpPa3y:
ketr = Xk1, (3)

ne A BpaxoBye PELUMPKYJIALIIO BCepeauHi Kpaneb [7, 8].

Koeoinient & npuitmae 3xadenns 1 (xonu aucio Iekne Peyy = Regqy Pry < 10) ta 2,72, xomu (Pegg, > 500).
Mopens, 1o 6a3yeTbes Ha anmpokcumariisx (2) ta (3), Bigoma sk «Mogens Edextusroi Temnosoi [IposigHocTi»
(Effective Thermal Conductivity) abo (ETC) momens. [louaTkoBi Ta TpaHHYHI YMOBH MOXYTh OyTH 3aIlHCaHi
HACTYITHUM YUHOM:

T(t = 0) = Tyo(R)

aT
h(T; —T.) = kags 3Rl2er. o
d

ne Ty = T4(t) — TemmepaTypa moBEepXHi Kparuii;

, 4)

Rg— paniyc Kparuri;

Tg = Ty(t) — TemMmepaTypa 0TOUYIOYOTO CEPENOBHIIA;

h = h (t) koedimienT TemnoBiagayi.

Koedimient h 38’s3anwuii 3 uncnom Hycenra Nu HACTYTHUM YHHOM:

Nu zszkl, ©)

g
ne Ky — xoedilLlieHT TennonpoBinHOCTi rasy.
[Ilo6 B3aTH 1m0 yBaru edeKT BHIIAPOBYBAHHS], TeMIepaTypa rasy Ty Oyna 3aMiHeHa Ha TaK Ha3BaHy
eeKkTuBHY TeMIepatypy Tes [5]:
LR e
h (6)

IS L —maTeHTHa TeroTa BUIIAPOBYBAHHA;

TEFF = Tg +

R gs — mBuaxicts sminn paniycy Kparuti 3aBJITKA BUITIAPOBYBAHHIO.
Jlonyckaroun, mo h = const, piBasiaas (1) Mae aHamTHYHE pilTeHHs, mo Ha npomikky uacy AL =ty = Ig.
Jla€ HACTYITHUIA BUpa3 JUIs TEMIIEpaTypH B KiHII KOXKHOTO 4acOBOTO KpOoKy t; [7]:
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. Hg sin 24, R Nar 1 d B
e = 52 (1- 500 ) = S (14 ) g nf 1,2
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ky hT, (DR kR ;
kp=—on =gy —( )_1 . _duo(t)
T M ko 577 B T

VYcraHOBKa BIACHHX 3HA4Y€Hb A,, N > 0 (TpuBiajbHE pilIEHHS A=0 pe PO3IIISIAETCS), 3HAWICHO 3
pillIEHHS] HACTYITHOTO PiBHSHHS:

Acosd + hyrsind =0 (8)
Y Mozeni OyB B3ATHI 70 yBaru e(heKT TEIIOBOTO BUITYUyBaHHS ITijl Yac BUMApoByBaHHs. Pasiyc kpari R
nepepaxoByBaBcs B KiHii koxuoro kpoxy AL macrymaum wnroM [7-9]:
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Ragmewy = Ra@iay + Radl; Ry =

e Rdtn)[(itm
TR P (Tl) , )
e Rs_ MIBUIKICTH 3MiHK paiycy 3aBASK{ BUTIAPOBYBAHHIO Ta BUITYUYBAHHIO,

Tn Ta Tl. — cepelHi TeMIepaTypH Kparuli Ha ToJaTky t = to i B KiHII yacoBoro Kpoky t = tj,
At =1, -t
Mg — mBMAKICTS BUNAPOBYBaHHA MacH Kparui [9]:

Thd = _ETER&IDEPQBJH Shfi‘ﬂ' s (10)

ne Pg — ryctuna otouyrouoro rasy;

D, — nozxgiliHuii xoediuieHT audysii napis 6ioansens y HoBiTpi;

Bm=(Yvs—Yv) 1 (1 = Yys):

Yys Ta Yy— MacoBa A0 napu OJIM3bK0 A0 MIOBEPXHI KPaIuli Ta B OTOYYIOUOMY Tasi, BiIIOBiTHO;

Shis, — unciio llepByma a71st i30760BaHOT KPAILTi, IO BHITAPOBYETHCS.

Shis, — Bimmosigse grco Hyccenbra st i30760BaHOT KaILTi.

Ujso BU3HAYAIIOCS, BHKOPHCTOBYIOUH MoJienrb AOpam3ona ta CipirHaso [8].

Yucmao Cranmginra Br , SIKE BUKOPUCTOBYETHCS, MO0 BH3HAYUTH NUis, MOB’s3aHE 3 By 3a JIOTIOMOT OO

HACTYITHOTO piBHsAHHA [8]:
Br=(+E54)-1 (11)
Cop on C

e “PY Ta ~“PE — MUTOMA TCIUIOEMHICTH MapiB 010M3€Ns Ta TOBITPS, BiJAMOBIIHO.

¥ 3HAXOMUTHCS 3a HACTYITHUM PiBHSHHSIM:

o= (CF,F)(SI:I*)'I
C’F’E Nu* I.' (12)
Sh” 1a Nu® pispavarorses sx y [8]. Ockinbku ¥ € byHkuis Bix EI‘, piBasHHs (11) BupinryBasnocs,
Sh*
BHKOPUCTOBYIOYM MeTOA iTepauiii. B momepenniii Bepcii wiei momemi [7,11,12], Bmiue mapamerpy Nu®

Sh*
irHopyBaBcs, HomycKarou, 1o Nu®
VY BuUnanxy, KOJW Kparis MICTHTh JIeKiIbKa KOMIIOHEHTIB, ITOTPiOHO BpaxoByBaTH edekT nudys3ii okpeMux
CKJIaJIOBUX YaCTHH BCepeAuHi Kparuli. Yac po3BUTKY MacOBOi JOJdi CKIQJ0BUX YaCTHH 3a Oyab-skoro R
OIUCYETHCS 3@ IOTIOMOTOI0 HACTYITHOTO PiBHSHHS (6,7):
vy [9%Y,  20%,
Ft ~ *f\BRz "RaR

(13)
el =1
Degr — eekTuBHUHN KoedilieHT nudy3ii piAKMX KOMIIOHEHTIB.
EdexruBnuii koedinieHt nudy3ii Moxxe OyTH MiIpaxoBaHUi 3a HACTYIHOO (OPMYJIOKO:
Degr = xvDy ,
e D, _ KoedirienT qudy3ii piauHu;
Av — xoediuient (3minroerses Big 1 go 2,72 [7, 10]).
A¥ Oepe 10 yBaru penUpKyJIALiI0 BCEPEAHH] Kparenb i MoKe OYTH alpOKCHMOBAHUN TAKUM YHHOM:

R F) 5 1
vy = 1.86 +0.86 tanh[E.EESlngm( Ca() “/30)] "
eRezin  — gueno Peitnonbaca,
Vs,
SC: =—
D, _ gucino [lImiara ans piauau,
V1 — ximemaTnuHa B’A3KiCTh PigMHM.

Mopens, mo 6a3yeThCsl Ha BBEACHHI D eff | Bimoma sik Mognens Edextusnoi AudysiitHocti (ED) (Effective
Diffusivity). ¥V 6impmocti monepeiHs0 BUKOPHUCTAHUX JOCHIKEHHSX IMIOJ0 HArpiBaHHS Ta BHUIAPOBYBAaHHSI
kpariens Oy Bukopucrati «Infinite Thermal Conductivity» (ITC) ta «Infinite Diffusivity» (ID) monemni. B nux
MOJIENIAX JOMYCKaNocs, 1o Kett = 1a Deff = * . Pipusnus (13) BupimyeTbCsi, BAKOPUCTOBYIOUM HACTYITHI
MOYATKOBI Ta TPAHUYHI YMOBH:
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Vil = 0) = ¥ (R)

aty;
a'[ i Lzsj Elf F :
s e) (15)
ne Yiis = 1isLE) — macosi JI0JIi KOMITOHEHTIB Ha MOBEPXHi Kparui,

€ — HIBI/I)lKiCTL BUIIAPOBYBAHHA KOKHOT'O KOMIIOHCHTY.

& I
) A & =" amnir)

€; BU3HAYAETHCA SIK iz ta @ Bu3HauaeThCA SIK

Jomyckaroun, 110 Deff 1a @ nocriitni ta oxnaxosi ams Beix KOMITOHEHTIB, aHAJIITUYHE PIIICHHS PIBHAHHS
(13) moske GyTH npencrasiene, K y poGoTi [6]:

2 -
[E’XF‘ af_f(R ) [:0 - EEQD]Slnh(ﬂfnR)

An Y , R
Z;[EKP —Dasr (R_ri) tgin — £: Q] 51“(“1?2 R_d) )

ii = &

A A
. i tanh A, = - "/ tanh A, = - ”/
pi (] AD Ta “l?‘! BU3HAYarOTLCA 3 PIICHHA P1BHAHb o hlﬂ" Ta n hDY {']"l = 1],
aR
hl.’f.'t" - - (1 + D d)
BiJAIIOBITHO, efff
1 R
||Tf‘n||‘ [1 + hgy)sinh Ay KoH n =20
Qn = 'y
TENTEA ( ) {1+ hgy)sind, KOJH n=1
T

I, IF onepKyeThes 3 piBHstaEs (7), 3aminuemn Rer wa Roy | Ta:

1 d R
—.J.F R}‘}m[R]sinh(,ln—)dR Ko n =10
Qi = | [ [ R
" 1 fRdR}" (R)sin| 4 R dR =1
m A lim Sln nR—d EKOJH 1 =

,

Det oninroerses six cepenHii mapameTp Juisi 0i10JM3eIBHOTO MalKBa, M0 0a3yeThCs Yepes3 BKIIaJ MacoBOI
JIOJIi KOXKHOTO KOMITOHEHTa. B MOHOKOMITOHEHTHIN MOJIeli, piBHAHHA (16) HE BHKOPHUCTOBYETHCS.

PesyasTaTH Ta aHami3. J[nd BciX THIIB Oil0AM3ENBHOTO TaiWBa, IO 3rajlaHi BWIIe, OyIM BHUKOHaHI
PO3paxyHKH, BHKOPHCTOBYIOYH HACTYITHI 3HAUCHHS BXiTHUX mapameTpiB: Rpg= 12,66 MleOH Tso=375K, Ty=
880 K Ta pg= 30 Gap, a1 Kpanenb, 0 pyXajucs 3 MOCTiifHOK0 WBHAKICTIO (10y.c Y. i PO3paxyHKu 6yJ'II/I
3pobneni 1) 3a momomoroto ETC/ED mopmenmi (MyJbTIKOMIIOHEHTHa MOJIENb), BPaXOBYIOUM BKJIan BCiX 16
KOMITOHEHTIB; 2) 3a gonomoror ETC moperni, 3aMiHHBIIHM BCi KOMIIOHCHTH OJHMM KOMIIOHEHTOM 3 CEePeIHIMU
TPAHCIIOPTHUMHU Ta TepMOJMHaMidYHUMHU BiactuocTsiMu [10], ta 3) 3a monomororo ITC/ID mopeni, B3siBUIM JI0
yBaru BKJIaJ| yCiX KOMIIOHEHTIB.

I'padiku TemriepaTypy MoBepxHi i paaiyca 3anexxHo Bin yacy /s RME, nokasani Ha pucynky 1. Hamr anamiz
T0Ka3aB, 1110 MyJIbTHKOMIIOHEHTHA MOJIENb TIPOTHO3Ye Ha 2—4 % BHIIly MakCUMaJIbHY TEMIIEpaTypy MoBepxHi 1 Ha 5,5%
OUTbIIMIT Yac BHUITAPOBYBAHHS IOPIBHSAHO 3 OJHOKOMIIOHEHTHOIO MOeno. Ll TeHIeHmist y3romkyerscs 3
pesynbTaTamu, 1o Oy ozepykaHi pasiie B [6, 9—13] mist xpamness Ti3elto Ta OSH3UHY B SKOCTI TaIMBa. 3 TOYKH 30py
MYJIBTUKOMITOHEHTHOI MOJICT, BUTJISA TeMIepaTypy TOBEPXHI 1 pajiycy Kparlli TOB’s3aHi 3 THM, II0 MacoBa JOJIS
KOMIIOHEHTIB 3 OUIBIIOI0 KUTBKICTIO aTOMIB BYIJICIIO 30UTBIIYETHCS 32 PAXYHOK 3MEHIIICHHS KOMITOHEHTIB 3 MEHIIIOO
KUIBKICTIO aTOMIB BYTJICIIIO.

Ha pucynky 2 moka3aHa e€BOJIOLIS 3 YaCOM MAaCOBHX JIOJIb MOBEPXHI MIECTH JOMIHYIOYHX KOMIIOHEHTIB JUIs
RME (C16:0, C18:1, C22:1, C24:1, C18:2, C18:3). I'padiku temnepaTypu Bcepenuni RME kparmui 3anexHo Biz
HOpMaJTi30BaHoi BijicTaHi Bix nentpa kpamm R/Ry mwis Tppox murteBux uacis (0,02 mc, 0,3 mc ta 0,5 Mc), 1o
cnporHo3oBasi 3a nornomoroio ETC/ED mopeni, moka3ani Ha pUCYHKY 3. SIk BUAHO, TeMIepaTypHUil rpagieHT
BCEpEeIVHI Kparuli MOMITHUH TiJIbKU Ha Tyke paHHii crazii (t = 0,02 mc). I'padixn MacoBoi 1011 KOMIOHEHTIB B
3aexHocTi Bix R/Ry, 1o cporrososai 3a gonomorow ETC/ED mozeni mist Tppox mutTeBux vacis (0,3 mc, 0,5
Mc Ta | MC), TOKa3aHi Ha PUCYHKY 4.
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AY
---- Ry(Single, ETC/ED) ‘\\
425 1 — .. Ry (Multi, TTC/ID) \\ \ 2
—— Ry (Single, ITC/ID) AR
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Puc. 1. Temnepamypa nogepxni kpanui (Tg) ma padiyc (Ry) 3anesicno 6io uacy, wo cnpocHo308ami 3a 00NOMo2010
uomupvox mooeneu onsi RME. Ilouamkoguii padiyc kpanii ma memnepamypa 0onyckacmcs pignumu 12,66 mxm
ma 375 K 6ionogiono. Tuck ma memnepamypa omouyrouoeo eazy oopistioe 30 bap ma 880 K, 8ionosiowo.
Kpanns pyxaemocs 3 nocmitinoro weuoxicmio 10 m/c

0.9
os | RME :
07 | —--Cle0 — —cCi18:1
0.6 - C22:1  eeeeee-
u 0.5
n - .= Cl18:2 ;
04 - H
0.3 -
0.2 ;
0.1 -+
0.0 . : . : = :
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14
Puc. 2. . Tac (Mc) mie RME
3a1€CHO 810 uacy (Mc) 3a mux gice camux napamempis, wo i Ha puc. 1
625 RME
575 A
— 575
&4
B~
475 -
Ts(0.02 ms)
425 - — — Ts(0.3 ms)
— - =Ts (0.5 ms)
375 T : T T

0.0 0.2 04 Rir, 0.6 0.8 1.0
: +

R
Puc. 3. 3uina memnepamypu T 3anesicHo 6i0 ’i Ra ons uacie 0,02 mc, 0,3 mc ma 0,5 uc, Wo CNPoO2HO308AHA 34
donomoeoro ETC/ED mooeni, 0ns mux dce camux napamempis, wo i na puc. 1
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0,25 A - ]
0,20 -
0,15 -
=
0,10 4 ===-- C16:0(0.3ms) C18:1(0.3ms) == C18:2(0.3 ms)
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e
0,00 | | | |
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R
Puc. 4. 3mina macoea doxni pioxoi gpaxyii Yii 3aneacro 6io f g ona uacie 0.3 mc, 0.5 mc ma 1 mc, wo
cnpoeroszosana 3a donomoeoro ETC/ED moodenie 0ns mux sice napamempis, wjo Ha puc. 1

PisHHIM MiX YacoM Uil MAaCOBHX JOJb PIIKUX CKJIANOBHX YAacTHH MOKa3aHA Ha PUCYHKY 2. Llg pisHuus
MO)ke OyTH HOB’si3aHa 3 pe3y/bTaTaMy, 0 NMokas3aHi Ha Puc. 4. Lli 1Ba pHCYHKH NMOKa3ylOTh Ba)IHBICTH TOTO,
o moTpidHO OpaT K0 yBaru Audy3ito CKIaTIOBHX BCEPEOMHI KpaIlli pa3oM 3 €peKTOM TeMIepaTypHOi 3MiHH Y
HUX (puc. 3). MoxHa 3p0OUTH BHCHOBOK, IO iITHOpYBaHHA edekTy audy3ii CKIIaqoBUX YaCTHH, TEMIIEPATYPHOTO
TpamieHTy 1 PEeNMpKYIAMmii BCepequHi Kpamenb, (IO YacTO TPAIUIAEThCS INPH MOJCTIOBAaHHI HArpiBaHHA Ta
BUIIAPOBYBAHHS 010M3€JBbHOTO MajHBa B iHXKEHEPHHUX J0JATKaX), MOXKE NPHU3BECTH IO 3HAYHUX MOMHJIOK y
MPOTHO3yBaHHI TEMIEpaTypH MOBEPXHi KPaIuli Ta Yacy BUIIApPOBYBAaHHSL.

Ilo3nayeHHs

Bwm MaCOBE UHCII0 CHaJ:I}lI/IHF'a K. reMieparypONpOBiIHICTL
Br  xoedimient TemoBianavi Crnanauara .

C nutoMa TerioeMuicTs [ i-kr K] £ HIBUJKICTL BUIIAPOBYBAHHSA
D xoedinient nudysii [m*c”] - A BJIACHI 3HAYCHHS
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JKUTOMUPCHKOTO JIEPXKABHOTO TEXHOJIOTIYHOTO YHIBEPCHUTETY.
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— OlomayMBa Ta €KOJIOTiYHa Oe3reKa aBTOMOOII;
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Al Qubeissi M., Kolodnytska R.V. Modelling of heating and evaporation of biodiesel fuels

YK 629.3:621.43

MopneaupoBanne HarpeBaHus U UCNBITAHUSA Kaneab 0Hoau3ebHoro Tomnsa / M.Aab Keio6e3u, P.B.
Konogunukast

Onucana pazpaOoTaHHas MOJIENb JJIsl HAarpeBaHHUS U UCTAPEHHs MYJIbTH-KOMIIOHEHTHBIX Karlejib, KoTopas
YUUTBIBaET eeKT TeMIepaTypHOro TPaJHeHTa, PEUUPKYISIUU U TUPPy3ur KOMIIOHEHTOB BHYTPH KaIlelb.
Mopenb ObUIa UCTIONB30BaHA JUIS aHAKM3a Karesilb OMOIM3ENIHOTO TOIUINBa. [IpOorHO3upoBaHue MpU MOMOIIN
STOH MOJENU CPaBHUBAJIOCH C INPOTHO3UPOBAHHEM JPYroil Mojaenu, KkoTopas OGa3upoBaiach MpeACTaBICHUEM
OMOU3ETBHOrO TOIUIMBA IPH MOMOIIM OJHOTO KOMIIOHEHTa. IIsTh THNOB OMOAM3ENBHOrO TOIUIMBA OBLIN
paccMotpersl: IlampmoBBEIT MeTHIOBBIT D¢up, KOTOPHIM HM3TOTOBIIEH C MalbMOBOTO Macia; KoHOIIISHEII
MeTtunoBeiii D¢up, KOTOPHIH W3rOTOBICH M3 KOHOIUITHOTO Maciia Ha YkpamHe M B EBpocoroze; Pamcoserii
MetunoBuii O¢up, KOTOPHI M3TOTOBICH W3 pamncoBoro macina B Ykpamnae; CoeBsii MetninoBuii Dowup,
KOTOpBIII HM3TOTOBJICH M3 COEBOro Macia. BpUIo MOKa3aHO, YTO YIpPOLIEHHAass MOJENb, Oa3upyromascss Ha
MPE/ICTaBICHAN OWOOU3EIBHOIO TOIUIMBA IPH IOMOIIM OJHOTO KOMIIOHEHTa, NPUBOAWT K OHIMOKE B
MPOTHO3MPOBAHNHN MCHAPEHUS Kalelb U TeMIIepaTypbl IOBEPXHOCTH 10 5,5 u 2,4 % cOOTBETCTBEHHO.

KiroueBble cioBa: 610aM3eIbHOE TOILUTUBO, HCTIApEHUE Kalellb, MOJSTUPOBaHHE.

VJIK 629.3:621.43

Modelling of heating and evaporation of biodiesel fuels / M.Al Qubeissi, R.V. Kolodnytska

A model for heating and evaporation of multi-component droplets, taking into account the effects of
temperature gradient, recirculation and species diffusion inside them is described. The model is applied to the
analysis of biodiesel droplets. The predictions of this model are compared with the predictions of the model
based on the approximation of biodiesel fuel by a single component. Five types of biodiesel fuels are considered:
Palm Methyl Ester, produced from palm seed oil; Hemp Methyl Esters, produced from hemp seed oil in the
Ukraine and the European Union; Rapeseed oil Methyl Ester, produced from rapeseed oil in the Ukraine; and
Soybean oil Methyl Ester, produced from soybean oil. It is shown that a simplistic model, based on the
approximation of biodiesel by one component, leads to errors in predicted droplet evaporation times and surface
temperatures up to 5,5 and 2,4 %, respectively.

Keywords: biodiesel, droplet evaporation, modeling.
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