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Annotation.

paper, we consider the solution of the spatial problem of the heat balance of a high-

speed experimental aircraft, taking into account a heterogeneous combination of materials
and their compositions. To solve this problem, a virtual geometry model of the HIFIiRE-1
aircraft was used in the form of a blunt cone turning into a cylinder. The problem was solved
using the Thermal Conductivity 3D (TC3D) computer code, which is based on the heat
conduction equation related to second-order parabolic type equations.
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a) b)
a) the result of the temperature distribution over the entire computational domain in
numerical simulation on the HIFIRE-1 geometry without a skirt;
b) the result of the temperature distribution over the outer surface of the
computational domain in numerical simulation on the HIFIRE-1 geometry without
a skirt


mailto:iakoryukov@mail.ru

Du3UKO-XUMHYECKast KHHETHKA B ra3oBoi munamuke 2022 T.23(1)  http://chemphys.edu.ru/issues/2022-23-1/articles/985/

YK 536.212.2
TpexmepHoe MoaeIHPOBAHUE TEIJIOBOI0 0aIaHCA

HA MPUMePEIKCNEPUMEHTAJIBLHOIO JIETATEJIbHOIO
annapara HIFIRE-1

Kopwokos U.A., Pri0akos A.H.

AO «Kopnopayus « Takmuyecko2o pakemHnoe 600pyiceHuey,
Poccus, . Koponés, Mockosckas ooracme, 141080, yr. Unvuua, 7
lakoryukov@mail.ru

AHHOTAIUA.

B nmanHO# paboTe paccMaTpuBaeTCs peIIeHHe MPOCTPAHCTBEHHOW 3aJadd TETUIOBOTO
OanmaHca BBICOKOCKOPOCTHOI'O 3KCIEPUMEHTAILHOIO JIETaTeNBbHOrO ammapara ¢ y4eToM
Pa3HOPOJHOTO COYETaHUS MAaTepUaJoB W MX KOMIO3uMLMM. [ns peuieHus »Toil 3agaum
UCIIOJIb30BaJIaCh BUPTyallbHAsE MOJIENIb T€OMETpHH JieTarenbHoro annapara HIFIRE-1B Buzae
3aTyMJICHHOTO KOHYcCa, NEePeXoIsIIero B LWINHID. 3amaua pemIanach
¢ ucmonp3oBaHreM KommbpoTepHoro koma Thermal Conductivity 3D (TC3D), B ocHOBY
KOTOpPOTO TIOJIOKEHO ypaBHEHHE TEIUIOMPOBOJHOCTH, OTHOCAIIEECS K YpaBHEHHSIM
apaboJInIecKOro THIIAa BTOPOTO MOPSAKA.

Kirouessie cioBa: TC3D, maremaTiueckoe MOIENTHPOBAaHUE, HECTPYKTYPUPOBAaHHAS CETKa,
KOHyc-1umuHap-rooka, HIFIRE-1.

1. Beeaeuue

B mporecce pa3paboTky NEpCMEKTUBHBIX BBICOKOCKOPOCTHBIX JIETaTENbHBIX ammapaToB
(mamee BJIA) HeoOXomuMoO  OmpeAelieHHe  a’pOTEPMOJMHAMHYECKUX  XapaKTEPHUCTHK,
0COOCHHOCTE 00TeKaHHs MHTETPaJbHBIX KOMIOHOBOK BJIA B TOM umcne ¢ MpSIMOTOYHBIMU
BO3JIYIIIHO-PEAKTUBHBIMA  JBUTATEISIMU M (DU3WYECKO-XMMHUYECKUX TPOIECCOB BHYTPHU
KOHCTPYKIUN U HUX 31eMeHTOB. C 3TOH 1ENbI0 BBITOIHIETCS KOMILIEKC 3KCIEPUMEHTATbHBIX
U PacYETHO-TEOPETUYECKUX HCCIIET0BAHUH.

OaHuM #3 TPUMEPOB MOJOOHOTO poja HCCIeqoBaHHMM ciuykuT muporpamma HiFire,
K peasi3aiuyd KOTOpPOoW OBUTM MPUBJICYCHBI TATh HAYYHO-HCCIeAoBaTenbCKuil eHTpoB NASA,
Benyue yHuBepcuTeThl ABctpamuu  u CIIA, wnenarp CUBRC, OO0benuHeHHBIN
TEXHOJIOTHYECKUM HUCCIEN0BATEIbCKAN LEeHTp, mnonapazaeneHue «Pantom Yokc» u Jp.
B mpouecce sKcnepuMeHTa MOJE3HBIM I'py3 € TMOMOIIBIO JIBYXCTYIEHYAaTOTO YCKOPHUTENSA
«Tepprep — OproH» BBIBOAWTCS Ha BBICOTY mopsaka 290 kM, a 3areM BXOJUT
B atMmocepy Ha pexuMe KpPyTOro NHKHPOBAaHUSA, AOCTUTas pacueTHoro uucia 4...8 M.
B mporiecce crycka BBIMOTHSIOTCS OCHOBHBIC U3Mepenus [1].

B xome wuccnenmoBaHus —TpeaycMaTpUBaeTCS  M3YyYEHHME. TEPEXOAHBIX  PEXUMOB
B IOTPAaHMYHOM CJIO€ U BS3KO-HEBSI3KME B3aMMOJCICTBHS; B3aMMOJEUCTBUS CKAuKOB
VIUIOTHEHHUSI Ha KPOMKaX C TMOTPAHUYHBIM CJIOEM W a’poAMHAMHUYECKUW HarpeB; 3(P¢eKToB
pealbHOTO Tra3a M XHMHUYECKH HEPABHOBECHBIX IIOTOKOB; MCIIAPUTEIBLHOTO OXJIAXACHUS;
TPEXMEPHBIX OTPBIBHBIX TEUEHUM (BBIXJIONHBIX CTPYM); YIPaBICHUS TEIUIOBBIMHU MOTOKAMH
U CONPOTHBIIEHUEM C MOMOIIBI0O MarHUTOTUIAPOJAMHAMUYECKUX METOJO0B; MPOCTPAHCTBEHHOTO
o0TeKkaHus KOpIyca, BOBHUKHOBEHHS M B3aUMOJICHCTBHUS CKAYKOB YIUIOTHEHHS MEXIY COOOMU
U C IOTPaHUYHBIM ciioeM [1].

OTOT IMMPOKOMACIITAOHBI TIPOEKT pealu3yeTcsi Ha OCHOBE OIbITa  paboTh
no nporpammam HyShot u HyCAUSE.

B pabote [2] mpoBeneHO HcciIeIoBaHUE CTPYKTYPHI TEUCHUS MOTOKA OKOJIO MIOBEPXHOCTH
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HIFIRE-1 ¢ ucnonb3oBanuem kommbioTepHoro koga NERAT-2D, peanusyroiero 4uciceHHOS
UHTETPUPOBAHUE  JIBIKEHHUS  BSI3KOTO  TEIJIONPOBOJHOTO  XUMHUYECKH  pPEarupyromiero
U3JYYalolIero Ta3a METOJIOM YCTaHOBJIEHHUS [3], W NPUBEICHO CpaBHEHHE C pe3ylbTaTaMu
SKCIIEPUMEHTAIILHBIX HCCIE0BaHUN B yIapHO# TpyOe.

B npenpiaymeii pabote aBropa [4] mpoBeneHO YMCIEHHOE PEIICHUE MPOCTPAHCTBEHHOM
3aJa4yd  TEIJIOBOr0 OajaHca BBICOKOCKOPOCTHOTO JieTarenbHoro ammapara HIFIRE-1.
PaccmoTpeno pacmpenenieHue TEMIIEpaTypHOro TOJS MO BCEH pacueTHOM 00iacTd, a Takxke
MPOBEJICHO CpaBHEHUE PE3yJbTaTOB C AHAIMTUYECKUM pEIIeHHEM, KOTOpOe IOKa3ajio
YJIOBJIETBOPUTEIHHOE COBIAICHUE PACTIPEICTICHUS TEMIIEPATYPHOTO TOJI.

2. IlocranoBka 3agauu

Jns pemieHus 3ajadd C MCIOJIB30BAaHMEM TPEXMEPHOTo KomrbioTepHoro koma 1C3D,
Ha OCHOBE JaHHbIX u3 ucTouHukoB [5, 6] B CAIIP SolidWorks ©Obuia chopmupoBana
yIpoIlIeHHas KoMmmbioTepHas reomerpust mojenu HIFIRE-1 (puc. 2), co BHyTpeHHel cTeHKON
TOJIIIUHOM, yKa3aHHOW Ha cxeme (puc. 1), B dopmare *.Step. DKCreprUMEHTAIbHBINA ammapar
HIFIRE-1 mmuno#t 2,1 M (puc. 1) cocrosin u3 chepruyecKu-KOHUISCKOW CeKIuu JUIMHOM 1,1 M
C paauycoM Ha BepIIMHE 2,5 MM. U YIJIOM MOJypacTBopa 7°, IIJIMHIPUYECKOTO Y4YacTKa,
u orOoproBku 33°. HocoBas dacTh coCTOsla M3 TpeX KOMIIOHEHT: TUTaH-IUPKOHUN-
MonnOaeHoBbI  HakoHeyHWK (TZM), wm3omarop w3 cramu  AISI 1020 w  amamrep
u3 cranu AISI 304, coemunstoumii HOocoBoil y3en ¢ koHycoMm (puc. 10). Cekuuu KoHyca
U HWIMHAPa ObUTM M3roTOBJICHBI U3 amomuuus Mmapku Al 6061-T6. HapyxkHas KOHCTPYKIIHSI
KOHyca uMena ToamuHy obonouku 20 mMm, a mumuaap — 5 mMm. OtboproBka — AlS| 1020
TOJNIIHUHON 12 MM.

Tak kak XapakTepUCTUKH MATEpPUAIOB, HCIOJb3yeMbIE€ B HCIIBITATEILHOM armmapare,
B OTKPBITOM JOCTYIl€ OTCYTCTBYIOT, OBUIO MPHHATO pEIICHHE HCIOJIb30BAaTh [UII pacyera
XapaKTEPUCTHKH OTEYECTBEHHBIX aHaioros [7, 8, 9] (tabm. 1).
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Puc. 1. Cxema skcnepuMmeHTanmbHOro JeratenpHoro ammapata HIFIRE-1 [10]:
a) cxema reomerpun HIFiRE-1; 6) kommnonoBka HocoBoit yactu HIFIRE-1
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Tabauya 1

HcxonHbie mapamMeTphl, HCIOJIb3yeMble MPH pacuyeTe KOMIBLIOTEPHBIM
KOIOM
OpuruHanbHbIHOTEUeCTBEHHBIN A, Cp, ToK D

MaTepHa aHajor Bt/(M*K) [ Hx/(xkr*K) W r/em’

Al6061-T6 - 151 897 300 2,7

AIlSI 1020 Cranb 20 52 486 300 1,77

Cransp
AISI 304 08X 1SH10 17 504 300 7,85
z 7.,6{-} ’

a) 6)
Puc. 2. BupryanpHas reomeTrpuyeckas Moxaenb ympomeHHoro HIFiRE-1:
a) BHENIHWI BUJ; 0) B pazpese

[pu npoBenenunu pacyeros s HIFIRE-1 6e3 «o00ku» Ha BHEUIHEH IpaHUIle pacyeTHOI
00J1aCTH 3a/1aBaJIOCh CIIeIytolIee rpaHuaHoe yciosue (1).

oT
A % =0Qwt+ go—Tsﬁrf —in - (1)

TennoBoil moTok 3ajmaBasici 1O oOpasyrolieil BHOJIb OCH OpPAMHAT, JUISL 3TOTO
UCIIONB30BAIMCh pAacyeTHBIE JlaHHBIe, B3AThie U3 paboTel [2] (puc. 3), B KOTOpOH
paccMaTpuBaioCch TypOYJIEHTHOE TEYEHHE C HWCIOJIh30BAHWEM MOJCTH cMemmeHus [IpaHaris
(PMM). B pabore [2] anst pa3pemieHus] MOTPAHUYHOTO CIOS KakKAas sueika, MpHiIeraromas
K IOBEPXHOCTU T€OMETPHUH ammapara, Oblja JOMOJIHUTENBHO pa3ipobieHa Ha 20 sdeek.

Jnist Bcex pacd€ToB Ha BHYTPEHHEH MOBEPXHOCTH CTEHKH MOJIENIEH TemIeparypa 3a1aeTcs
HIOCTOSIHHOM U paBHOH Tyy_j, =300K .
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a) 6)
Puc. 3. I'paduxupacnpeneneHusi MIOTHOCTH KOHBEKTHBHOTO TEIIOBOIO MOTOKA

BIONH TOBepXHOCTH [2]: a) BIONs moOBepxHocTH mpu Re = 7*10°%
6) B0 MoBepxHOCTH mpH Re = 3*10°

[Var B, BLM vs PMM]
N £

10 ———— 1: QwBLM, Re"=.5E+06 |
F [ Experiment
I i e 2: Qu PMM, Re’=3.5E+06

s, cm

a) 6)
Puc. 4. SKCTpaHOHﬂHI/IS{ pacnpencneHusl KOHBCKTHBHBIX TCIUIOBBIX IIOTOKOB:

a) Ha TIOBEPXHOCTH JIETATEILHOI0 anmapara; 0) B10JIb IOBEPXHOCTH JIETATEIEHOTO
arnmapara B npoekiu Z=0

3. BbruucaureabHas MOIEJb

B npannoit paboTenmpuBeseH aBTOPCKMNA KOMMBIOTEPHBIM KOJ, MpeaHa3HAYeHHBIN
JUISL  pelleHds 3aJad TeIUIOBOTO OanaHca BBICOKOCKOPOCTHBIX JIETATENbHBIX —allllapaToB
ThermalConductivity 3D (TC3D).TC3D pa3pabotan Ha OCHOBE aBTOPCKOTO KOMITBIOTEPHOTO
koma UST3D [11, 12, 13]. B kogeTC3D umncieHHO HHTErPUPYETCS HECTAIIMOHAPHOE YpaBHCHUE
TETIONPOBOAHOCTH [14], KOTOpOe OTHOCHUTCS K YpaBHEHHSIM MapaOOMYecKOro THIa BTOPOTO

nopsaKa:
ot ox\ ox) oy\ oy) oz\ oz
raie p — TIUIOTHOCTh Marepuana; A — KOIPOUIMEHT TEeIJIONMPOBOJAHOCTA MaTepHaa;

Cp—KO3(1)(1)I/II_[I/ICHT TCIINIOCMKOCTU MaTcpurajia. Hpennonar aCTCsd 3aBUCUMOCTL IIJIOTHOCTH,
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K0d3(ppHILIMEHTA TETITONPOBOAHOCTH M TEINIOEMKOCTH OT TeMIepaTyphl.

JInst pereHus ypaBHEHUs TEIIONPOBOJHOCTH (2) HMCIIOJIB30BAJICS METOJ KOHTPOJIBHOTO
o0bema, pealn30BaHHBIN Ha HECTPYKTYPUPOBAHHBIX TETPA3APAIbHBIX CETKaX. ANMPOKCUMAIUL
IPOM3BOJIHBIX TEMIIEPATYPhI 110 IPOCTPAHCTBY 3aIIUCHIBANIACH CIEAYIOIIUM 00pa3oM:

oT 1 .oT 1 14 '
) =gl av=g JTidsa 3 sien), 3
o ] A a . - = 1

Vl |VI IVI IJ

re i =1...N; J=1.4; a=x,y,2; Vi — o6bem i-ro Terpasapa; S — IIOmaIb TOBEPXHOCTH
j -ii rpamm i-ro omementa; Ni;j — KOMIOHEHTA EIMHMYHOH HOPMATM j -if TpaHH
| -ro >eMenTa.
Ipu pacueTe IPOCTPAHCTBEHHBIX MPOM3BOAHBIX HA IPAHAX KOHTPOILHOTO 06beMa Gepercs
HOJlyCyMMa 3Ha4eHUI (QYHKIMH TEMIIEPAaTyphl B [IEHTPAaX COCEMHMX OT rpaHu syeek. Ha puc. 5
TOKa3aHa CXeMa BO3MOKHOTO B3aHMHOTO TION0KEHHS COCEHUX IEMEHTOB PACUETHOM CETKH.

Texkymuii TeTpa’apajibHbIi dI1eMenT (l.)|

2 N

Cmesknas
rpanb (1/2)

‘ Cocenanii TeTpadIpaabHblii 2JIeMeHT (LB)|

Puc. 5. Cxema pacnonoxeHust COCEAHUX TeTPasApalIbHBIX HJIEMEHTOB

Kommwtoreprsiii kox TC3D wucmonp3yer pachpepeneHus TUIOTHOCTH KOHBEKTHBHOTO
TEIUIOBOTO TMOTOKA Ha moBepxHocTH BJIA, monyueHHBIE ¢ MOMOIIBIO APYTUX KOMIBIOTEPHBIX
KOJIOB, CIIOCOOHBIX MOJICIMPOBATh BHENIHIOW a’pOTEPMOJUHAMUKY HAa OCHOBE CHCTEMBI
ypaBHeHuii HaBbe-Crokca.

Jns  oTmagku WM TECTUPOBAHHS KOMIbIOTEpHOro koma 1C3D  wmcnonb3oBaiuch
PE3yNbTaTBIKOHBEKTUBHBIX TETUIOBBIX MOTOKOB, MOJTYyYEHHBIE BEIUMCIUTENBHBIM KooM NERAT-
2D.

Tak xak  kxommbloTepHblii  kog  NERAT-2D  ucnome3yer mist  MoAeIMpOBaHUS
CTPYKTYpHUPOBAHHBIE PACUCTHBIE CETKH, TO JUIS IIEPEHOCA HA HECTPYKTYPUPOBAHHYIO PACUCTHYIO
CETKY HEOOXOIUMO BBIYUCIIATH YCPEAHEHHBIE 3HAYSHUSI ITIOTHOCTH TETUIOBBIX MTOTOKOB:

_ G+ 0+,
n :

A (4)

4, CeTo4HBIE MOJEIH

[To oxoH4aHurO nocrpoenHus: reomerpuaecknx moaeauHIFIRE-1 B SolidWorks, crpounack
pacdeTHasi HECTPYKTYpUPOBaHHAs TeTpadipaibHas o0beMHas ceTka pazmepoM N = 4 MitH. siueek
(puc. 6). [nga sToro mocTpoeHHas MOJeNb SKCHOPTHPOBAIACh B MPOIPAMMHBINH KOMILIEKC
GMSH. Kox TC3DobecnieunBaeT pacueTsl TOIBKO Ha HECTPYKTYPHPOBAHHBIX TETPadIpaibHBIX
pacyYeTHBIX CETKaX.
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a) 6)
Puc. 6. PacuetHas oObeMHass HECTPYKTYPHPOBAHHAs TeTpadpaibHas CeTKa,

C PaBHOMEPHBIM PACIIPENICIICHUEM SUYCeK 0 BCEH pacueTHOW o0JacTH: a) OOIui
BUJ; 0) BUJI HA CTHIKE KOHYCA W IIMIAHAPA

KayecTBO C€O31aHHBIX CETOYHBIX MPOCTPAHCTB OICHUBAIOCH IO PSIy OOIIEIPUHSATHIX
kputepueB. Koapdurment dhopmbl (acrieKTHOE COOTHOIIEHHME, aHTJI. aspect ratio) mis o000
TPEYrOJIbHOW SYCUKH TMOBEPXHOCTHOM CETKHM WM TETPAdAPANBHOTO 3JIeMEHTa OOBEMHOU CETKU
He mpeBbimaeT 4 u 6 coorBerctBeHHO. Koaddumment acummerpun (anria. equiangle skew),
XapaKTEPU3YIOIUK YIIIOBYIO CKOIIEHHOCTh, JJISI TPEYrojbHBIX 3JeMeHTOB MeHbie (.65,
st TeTpasapanbHeix  — Menbiie (0.7. IlocTpoeHHBIE pacdeTHblE CETKH TMOJIHOCTBIO
YIIOBJIETBOPSIIOT TPeOOBAaHUSAM, HEOOXOAMMBIM st 3(h(PEeKTUBHOM PabOTHI paccMaTpUBAEMBbIX
ABTOPCKHUX KOMIBIOTEPHBIX KOJOB.

UucnenHas MOJIeNIb CETOYHOTO MPOCTPaHCTBa co3aaBanachk B popmare * NEU. B pacuerax
C HMCTOJB30BaHUEM aBTOPCKOTO KoMmbioTepHOTO Koaa TC3D mpoBoaunack oOpabotka (aiina
CETKH MPETPOIECCOPOM JUIS TIOTYYEHHUS IMapaMeTpoB, HEOOXOAMMBIX JJIsI TPUMEHEHHsSI SBHBIX
METOJIOB KOHEYHOTO 00beMa, TaKUX, KaK IUIOMIAAN TpaHel U 00heM KaKI0H sTuehKu.

5. Pe3yJIbTaT]>I YUCJTCHHOI0 MOAC/INPOBAHUA

Hwxe mpencraBieHbl pe3ysibTaThl YHCICHHOTO MOJCIHPOBAHUS IPU  PEIICHUH
MPOCTPAHCTBEHHOM 3a/lauM TEMJIOBOro OallaHca BBICOKOCKOPOCTHBIX JIETATENBHBIX allapaToB
(puc. 7— 10).

Pacuetsl npoBoaunuck Ha reomerpun HIFIRE-1 6e3 «wo0ku» (puc.7, 8). Ha BHyTpeHHEH
TpaHUIIE PACYCTHOM O0OJIACTH CTaBUJIOCH TpaHWYHOEe YycioBue mepsoro poxa T =300 K.
Ha  BHemHedt  rpaHuile  pacdyeTHOM  0OJMacTH  CTaBWIOCH ~ TPaHUYHOE  YCIIOBHE

oT 4
ﬂ,a—nzqw+80Tsurf_in. Kak ObuTO cKa3aHO BBINIE, JUIS 3aJlaHUS ITOTO TPAHUYHOTO YCIOBUS
UCIIOJIb30BAIMCh PACUCTHBIC JAHHBIC IUIOTHOCTH TEIUIOBOTO TIOTOKA BJOJh IOBEPXHOCTH
u3 paboTsI [2].
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Puc. 7. Pe3ynbraT pacuera pachpeleieHUs TeMIIepaTyphl: a) [0 BCel pacueTHOH
obnacTy npH YMCIeHHOM MojenupoBanun Ha reomerpun HIFIRE-1 6e3 «w00kuny;
0) 0  BHEHmIHEH  IOBEPXHOCTH  pPacdyeTHOH  00NacTH  TIpPH YUCICHHOM
MozenupoBanun Ha reometpud HIFIRE-1 6e3 100ku

Y j v

Tt T
1979.46 X || B 1979.48 | F—=

1792.85 1792.85
1606.25 1606.25
1419.64 1419.64
1233.03 1233.03
1046.43 1046.43
859.82 859.82
673.213 673.213
486.607 486.607
300 300

| O |

a) 0)
Puc. 8. Pesynprar pacuera pacnpenesieHHs TeMIIEpaTypbl. a) B 00JacTH CThIKa
konyca u mtruHapa HIFIRE-1; 6) B HocoBoit wactu moaenu HIFIRE-1

Cnenyroumme pacuetsl (puc. 9, 10) mpoBOAWIHCH C HCMOJIB30BAHUEM CIEAYIOIIUX
TPaHUYHBIX YCIIOBHII:

oT
— Ha BHELIHEH rpaHuIle TEMIIEPATypa 3aaBajach U3 ypaBHeHUs A 6_ =Qy+ 80'Tsﬁnc Zin
n

— Ha BHYTpEHHEH IpaHulle pacyeTHOH 00J1acTH TeMIeparypa 3aJaBanach Kak g i, =1, -
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Ttr

! 1933.07

1764.17
1595.26
1426.36
1257.46
| 1088.55
919.65
750.746

581.842
412.939

2 1400

Puc. 9. Pesynbrar pacuera pacnpeneneHus: TEMIEpaTypsl: a) Mo Bcel pacueTHOM
o0JIaCTH TP YKMCIICHHOM MojenupoBanud Ha reomerpun HIFIRE-1  6e3
«00ku»; 0) rpaduk pacmpeneneHus TEMIEpaTypbl B HOCOBOW  YacTH
nerarenbHOro anmapara HIFIRE-1

Tir

E 1933.07
1764.17
1595.26
1426.36
1257.46
1088.55
919.65
750.746

Tir

— H 1933.07
1764.17

| 1595.26
1426.36
1257.46
1088.55
919.65
750.746

581.842 581.842
412.939 412,939

a) 6)
Puc. 10. PesynmbraT pacdera pacnpeneieHus TEMIIEPATYphl: a) B HOCOBOW YacTH
mozaeuHIFIRE-1; 6) B o6nactu cthika kKoHyca u ipuHapa HIFIRE-1

[Tonyuennsie pEe3yNbTAThI pacnpeneneHus TEMIIEPATYPHI Ha puMepe
9KCTIIePUMEHTAIBHOTO JieTaTepHoro anmapara HIFIRE-1 moaTBep»maroT, 4TO KOMITBIOTEPHBIN
ko TC3D yuutsiBaeT mpu pacdyerax XapaKTEpUCTHKH HECKOJIBKUX MaTepHAaIIOB.

6. 3akiawdyeHue

Paccmotpeno pemnieHue NpOCTPAHCTBEHHOHM 3aJadd TEIUIOBOrO OamaHca Ha TMpUMEpe
OKCIIEPUMEHTAIIBHOTO BBICOKOCKOPOCTHOTO JietaTenbHoro ammapata HIFIRE-1 ¢ yuerom
XapaKTePUCTUK MaTEPHAIIOB, aHAJIOTMYHBIX OPUTHHAIBHBIM. JJIs pemeHus paccMaTpuBaeMou
3a/1a4n OblIa TOCTPOCHAYMIPOIICHHAS BUPTYyalbHAs MOJIEIBIKCIEPUMEHTAIBHOTO JIETaTeILHOTO
armmapata HIFiRE-1 6e3 «o0Okxu», koTopas mpencTaBieHa B BHJE 3aTYIJICHHOTO KOHYcCa,
MEePEXOISALIEr0 B IMJIUHIP.

[Ipn pemieHuMM MOCTaBIEHHOM 3aJadd HCIIOJIB30BAJICSA ABTOPCKUN KOMIIBIOTEPHBIM KO
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ThermalConductivity 3D, pa3paGoTaHHBIi Ha OCHOBE AaBTOPCKOIO KOMIIBIOTEPHOTO KoOJa
UST3D.Komnerotepusiii konx TC3D mo3BosiseT yYUTHIBaTh BIMSHUEPA3HOPOIHBIX COUYCTAHUI
MaTepHaJIOB U MX KOMIIO3UIMH MTPH pacyeTe TEeII0BOTo OanaHca.

bbuln modydeHbl yHOBIETBOPUTENbHBIE PE3YIbTAaThl MO PACHpPENEICHUIO TEeMIEpaTyphl
BHYTPHU pPacyeTHOW OOJACTH C y4YETOM BIHMSHHS PA3HOPOJIHBIX COYETAaHUH MaTEepHajioB U HUX
KOMITO3HIIUH.
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