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N3NJIJOOHYHYH KAJIIBI MYHO3/IOMOCY

JluccepTalMSHBIH TEMACBIHBIH AKTYAJAYYJIYry. OKOJOTUSHBIH a3bIPKBI
npoOieManapbiHa ~ OONTOH  KBI3BITYYHYH  yJaM  ©CYyl  JKaTKaHJbITBIHBIH
HATBIIKAChIHAA Kypyaln TypraH 4eupenery >KbUIyyJIyK >KaHa MacCajblK Tallyy
MEXaHU3MJIEPUH U3UJI06re KYUeTYJITeH KeHyJ Oypyiyy/a.

ATMochepaHblH YeK apaliblk KaTMapbIHIArbl >kKaHa Cyy, 4eipecyHaery
arbIMJIap THITBI3BITEI OOIOHYA (TeMIepaTrypachkl) KeOyHece cTpaTuuKanusiaHraH
YOHIYKTapAblH TAlIbLTyyCyHa KaJKbIMaTyyIyK OJATYTTYYy TaacHUp ITET.

Kypuan typran yeiipeHyH mnpoOiieMalapblHaH CHIPTKapbl, WHAYCTPUAIIBIK
KBUTYYJIyK ~ JKaHa Macca  alMairyy  KaOayylnapblH — KOHCTPYKIMSUIOOHYH
NPAKTUKAJIBIK MacenenepId 4Yeuyyae, KaakbIManyyiayk 3(h@dEeKTUCH MaaHWUIYy
Oosynm acenTenreH kepae  Oyn dddexkTrepauH TaaCMpUH TYIIYHYY JKaHa
TYLWIYHAYPYY 3H 3apbUl OOJTYI YbIra KEJeT.

Kypuan Typran 4eiipene XbUIyyJdyKTy >KaHa MacCaHbl TallyyHY >KaWbUITYy
npobnemanapel C. B. Ilarankapasia (1984), C. C. Kyrarenaazenus (1962), 1. A.
benos, C. A. Ucaeraun (2001), C. B.ITatankapasia (2003), FO. A. beictpos, C. A.
Ucaes, H. A. Kyapsasues, A. U. JleoutbeBaun (2005), A. A. TI'opOynos, C. A.
Huxutun, B. W. TlonexaeBmun (2007) »xaHa OamrkagapJblH 3MICKTECPHH]IC
KapaJras.

2KaOblk uMapatTapJblH HYUHJETH TaOUThI KOHBEKIMSUTBIK (KETKUPUIYYIY)
arpIMJIap KYH KOJUIGKTOPYHIArbl Teie Oepyy, umaparrapiarbl abaHbIH arbIMbI,

AJIEKTPOHAYK TY3YJIYIITOPAETY My3Jal Kalyydy ChIIKTYy HWHXKEHepiep Y4yH
KbI3BITYYHY JKapaTyydy Kell cCaHJaraH THUpPKEMEJIepId MOJEN/Iee Y4YyH aHbIH
NOTEHIMAJbIHBIH aliblHaH KONTOI'eOH U3UJI1004YJIOpAYH KOHYJIYH 63YHe OypraH.

JluccepTauMsiHbIH TEeMACHIHBIH WJINMHI NPOrpaMMajiap MeHEeH Ke
WIMMHMHA W3WJIA00 HINTepH MeHeH Oaianbiubl. m, m3unneedyHyH e3ayk

KEKeue JEMWITeCUHUH HErM3UH/E aTKapbLITraH.

M3unpeenyn  makcatbl -  OpenFOAM  nmakeTMHMH — aJIKarbliHJa
KaJKbIMaJyyJIyK J>KaHa paJuallysiIbIK JKbUIYYJIYK OTKOPYMIYYIYKTYH TaacCUpPHH
ACKE alyy MEHEH M30TEPMUKAIIBIK SIMEC TypOYJIEHTTYY I'a3 arbIMIapblH MOJIE 0049y
MOJIENIIN OPKYHAOTYY.

Korwuran makcartka keTyy Y4YH TOMOHKY MaceJsesiep YeUuIau:

1. KonpoHynyn aTKaH MaKeTTUH MYMKYHUYJIYKTOPYH TEKIIEPHIT KOpYY
apKbUTyy KaJKbIMa, BEHTWJISIMSA >KaHAa paJuaIusiIbIK KBUTYYIYK OTKOpPYY
MIPOLIECCTEPUH MOAEIACIITUPYY.

2. KankpimanyynykTyH 3¢ ()EKTHH 3CKe alnyy MEHEH ap TYpIyY aCleKTHK
(casBIITBIPYy) KaTBIITAD MEHEH KaBepHaJarbl TYpOYJIEHTTHK arbIMIapbl
MOJAEIICIITHPYY.

3. PapuanusuibIk *KbUTyyJIyK adMallyyHy 3CKe ajlyy MEHEeH OeJIMOHYH
MOJIETTUHIETH TYpOYJIEHTTUK arbIMAapbl MOACIACIITUDPYY.

4. XXpinyynyK alMallyyHy >kaHa BEHTHIISILIUSIHBI 3CKe altyy MeHeH JKauirbl
¢usnka sxaHa QU3MKaHBI OKYTYYHYH YCyly KadeapacblHbIH HMAapaThIHAATHI
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KBUTYYJTYK KOM(OPTYH 3CENTEI YBITYY.
NiTuH ajIbIHIaH HATBINKAJIAPBIHBIH WIMMHUN )KAHbLIBITBI.

o Temneparypaiblk HOpOPWIIEPAUH  ACENTEITeH  MaajbiMaTTapbl  MEHEH
BUIIAMIBIKTBIH  BEPTHUKAJIABIK KOMIOHEHTUHUH oOpTocyHna 28.6:1 acmekTuH
KaTbIlIbl, KAaBEPHAHbl MOJEII66 SKCIHEPUMEHTH MEHEH KaHaaTTaHAbIPapJIbIK
MaKyJiIamyy Ty3yiany. bupok, Panelinna caHbIHBIH Ra=8.6x10° ten Ra=1.43x10°
ra 4elHH eCYYCY Tyypa TakThIrbIHBIH (.6% HauapiamibiHa ajbll KeJeT.

e KaBepHanarel KOHBEKUHUSAHBI 5:1 aCIEKTTUH KaThIIIbI MEHEH MOJIENI60, My3/1aK
’aHa BICBIK AyOaniapJblH *KaHBIHAATEl SKCIEPUMEHT MEHEH OpPTOYO AarbIMIIbIH
MYHO3/16MeJIepYHYH npoduiaepus caibiuThipbin, 1.9%, 3.5%, 2.6% xana 1.3%,
2.2%, 1.7% yerunje MakCUMAaJIAyy 4YETTOO KaTajJapblH Oepepu KOPCOTYJITOH.

e beiMeHY MOJ apKbUlyy KbUIBITYY MOJEIHMH NPAKTUKAJIBIK KOJIJIOHYY CaH
’KarblHaH HeruzjenareH. OpTouo y3yHJIyI'yHa Kapara 3KM CUMMETPHSUIBIK KYIOHIYH
naiiga Oomymry anbikTanabl. Koopaunatrtapsl (x=3,69, y=3, z=1) xana (x=6,31,
y=3, z=1) Oup YeKHUTTe KalTalIKaH KapaMa-Kaplibl OarbITTa aiyianyy OOJITOH.

e bupunum xony xannel gusuka xaHa POY kadeapachlHbIH UMapaTTapbIHIA
KBUTYYJIyK KOM(OPTYHYH caHAbBIK 3cebu Kypry3yianay. Kupyydy dexTun
BEPTUKAJJIBIK KOOPIMHATACKIHBIH z=0.5Mre yeiinH ToMeHaomy (x=2, y=1.5, z=1m)
YEKUTTETn aOaHbIH KAIIBIHBIH AKU 3CEJEH AalllblK KOTOpYyJalllblHAa ajblll KeJIepu
AHBIKTAJITaH.

AJIBIHTaH  KbIMBIHTHIKTAPABIH MNPAKTHKAJBIK 0Oaanyyayry. bepuirexn
OUCCEePTAlMSUIBIK MINTH aTKApyyJda alblHTaH HAThIKalap BEHTWISILUSHBIH,
OaillaHbBIIIKAaH JKbUIYYJYK aJMallyyHYH J»aHa paJualUsHbIH, KaJKbIMATyyIyK
3¢ (EKTTepUH 3CKE alyy MEHEH TypOyJEeHTTHUK MUYKH arbIMAapAbl MAaT€MaTHUKAaJIbIK
MOJIEJIJ1I66 METOAYHa OCNTUIYy 6J140M/1e CaJIbIM KOUTYIIAaT.

Kblmyynyk anMallyyHyH aHa paJualMsHbIH TYpAYY TalllblpMallapblHIA
OpenFOAM naiinananbuirad aublK MAaKETUH MOJEIAO6HYH OaplbIK aarOpuTMHH
TOJIYTY MEHEH TaK JJOKYMEHTTEIITUPYYHY e3reue Oenruiei ketyy aozen. OmoHaoi
aJie alapAbl MarucCTPaHTTap, >KOTOPKY KYPCTYH CTYIAEHTTEpPH >KaHa TUHUIITYY
AQAUCTUKTEPAUH aCHUPAHTTapbl YUYyH aTallblH Kypc KaTapbl OKYYy IpPOLECCUHIC
naijananyyra MyMKYH OOJIOT.

JuccepTanMsiHBIH KOProoro KOKJyy41y Heru3ru :o000J10py:

e BeHTwanms, KpUTyyJIyK aJMallyy jKaHa pagudans MPOLECCTEPHH 3CKE alyy
MEHEH Ta3/blH CTallMOHApJbIK TypOYJEHTTYY arbIMAapblH MOJENIee Y4YYH
buoyantSimpleFOAM cTaHgapTThIK Ye€YYYYYCYHYH MBIKTBIJIAHTAaH BapUaHTHI
MEHEH MOJEJIJIOOHYH HaThli>Kajapsbl.

e MMapaTThiH JKbUTYyJIyK aOajblHbIH - bUIAAMABIK TajlaajJapblHbIH JKaHa
TEeMIIepaTypaHblH OOJYIUTYPYJITreH MapaMeTpiepUHUH HErM3WHIE HMapaTThiH
KBUTYYJTYK PEKUMHUH 0aaJOOHYH UILTEIUI YbIKKAH METO/Y.

Niaumuii  K000J10pAyH, HATHIMKAJNAPAbIH (ThISHAKTAPABIH) KaHA
PEeKOMEHIANMAIAPAbIH BIPACTHITBI (Temenaeryaep MEHEH)
TAaCTBIKTAJAT(KAMCBI31AJIAT): TaIblpPMaHbIH KOPPEKTYY KOIOJTYIIY,
a3pIpKbl(3aMaHOan) 93CenTee  CHUCTEMAChIHBIH  JKETUIIKEHIUKTEPHU,  CaHJBIK
METOAJIOPAYH,  MaTEMaTUKAJIbIK  MOJENJIe6eHYH  JKaHa  IPOrpaMMajOOHyH
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METOJJIOPYH HETHU3AYY NaijanaHyy, ©TKePYJIIeH 3CENTHK SKCIEPUMEHTTEPINH
KETUIITYY KOJeMy >aHa ajblHraH CaHIbIK HAThIKaJIapAbl CAJBILTHIPYY >KaHa
BUIAWBIKTYY SKCIIEPUMEHTTHK jKaHa 3CENTUK OCpUIIreHIep MEHEH KaMChI31aar.

U3nenyyuyHyH okeke cajbiMbl. Jluccepranuss aBTOp  TapaOblHaH
KYPrY3YJIreH ©3 alJblH4a M3WIJA66eHYH HaThlikackl OONyn caHanar. ABTOpPIYH
KEKE CaJbIMbl KyYMYIITY AHBIKTOOJO >KaHA AHBIH MAaKCAThlH KOKYJa, MaKcaTKa
KETYY BIKMaJapblH TaHI00J0, HU3WINE6 KYPry3yyre, aJblHIaH HaTbIAKadap.bl
TaJA00 XKaHa KOPYTYHAYyJapAbl TY3YYAe, MaKalajJapabl *KapbisJIO0J0 aHBIKTAJITaH.
XKBIBIHTBITBIH TAJIKYYyJIOOT0, WIMMUNA XKeTekuu ¢-M.u.jg, noueHT KypOananuen
A.BL., d-m.u.1, mpodeccop U. TammonoTtos, mpodeccop ConmyeB A. KaThIIIBIIITHI.

JuccepTanMsHbIH HATBIMAKAIAPBIH anpodanusiioo. byn aucceprauusibik
UIITH aTKapyyJa ajiblHTaH HaTbhIiKalap TOMOHKY dJ1 apajblK, PeCIyOJIMKaIbIK
KOH(epeHIMsIap/a ’KaHa ceMUHapJiap/a OasHaaraH:

e [Ipodeccop C.A.AbmpaxmanoBayH 80 >xpuinbirbiHa apHairan «KosgoHmo
MEXaHUKA JKaHAa HWHHOBAUMSJIBIK TEXHOJOTHSIap» ON  apalblk  WJIMMHMA
koH(pepentuscel, 12-saBapb 2023-xbu1, KMTY. W.Pa33akosa, bumnikek, Kviprsiz
Pecniybmukachr.

o [II DBn apansik wunumuil koHdpepenuuss MIP: Engineering-111  2021:
Monepuuzanusa, WuanoBaums, Ilporpecc: Marepuan Ttaanyy, MexaHuka xaHa
aBTOMATTAIITHIPYy HHXKEHEPHSICHIHAATBI alABIHKBI TexHomorusuap. 29-30-amperns,
2021-xwpu1, KpacHosipck, Poccusi.

e Kbiprei3 PecnyOnukachlHbIH YIYTTYK WIMMAEP aKaJIeMUSCHIHBIH aKaJeMUTH,
(u3nKa-MaTeMaTUKa WIMMAEPUHHUH AOKTOpY, mpodeccop JKalitHakoB AMaHOEKTHH
80 >KpUIABITBIHA apHaiaraH ‘“Mnmmaern >kaHa TOO-KEH, TEXHUKAIBIK OMIMM
Oepyyaery MaajabIMAaTThIK TEXHOJOTHsUIAp >KaHa MaTeMAaTUKAJbIK MOJENAee” 31
apasbik uinmuil koHbepeHusicel, Keipreizcran, bumkek, 06-08-oxtsaops, 2021-
KB

o XIV, XV DOn apansik A3us wmekreOu-cemuHap «TaTaan cucreMamapibl
onTUMangamTelpyy Macenenepw». «Oten EBpasus» mnancuoHartsl, blceik-Keur,
Koiprei3  PecnyOnukacel, 2018-xbuinbin  20-utonyHan  31-uronmyHa  yeluH,
Axanemropoaok, HoBocubupck, Poccus, 26-30-asryct 2019-xp1.

e Kbeipreiz PecniyOnukachiHbiH ['€0JOTHSATIBIK KbI3MATBIHBIH  80-KBUTIBITbIHA
apHairad “I'€oJIOTMSIHBIH, TOO HWIIUHWH »aHa OWIMM OEpYYHYH aKkTyalayy
npoOiemanapsl xaHa nepcnektuBanapsl” bumikek, 2018-xk.

e PecnyOnukanbik UITUMUN-TIPAKTUKAIBIK KOHGepeHus «bumuM Oepyy xana
WIMMIErH (U3NKa-TEXHUKAJIBIK mpobneManap», M.M.AnpimeB atbingarsl Omi
TEXHOJOTUSIIBIK yHUBepcuTeTH, Om1, Kbipreizcran, 18-19-maid, 2018-xkbL.

JuccepranusiHbIH Kbl BIHTBIKTAPbIHBIH 0acbuIMAasIapjaa
YArbLIBIPbLUIBIIIBIHBIH TOJXYKTYTY.

W3ungeeHyH HEru3ru KbulMbIHTBIKTaphl 11 wnaumuil makanaga »xaHa 3
aBTOPAYK KyOemaykre, anbiH numHiae Ckomyc (2), PUHIL (3) maansimar Ga3aceiHa
kupred Keiprei3 PecnyOnukachblHaH ThIIIKAphl WIMMUN SKypHayigapaa OachUIbIN
YbIKKaH.
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JluccepTauMsiHbIH  CTPYKTypachl  kaHa  Keaemy. Jlucceprauus
KUPUIYYIeH, 3 Oantad, KOPYTYHAYIaH, NPAKTHKAIBIK PEKOMEHAAIUsIap/aH,
oubmuorpadusiaH kaHa THpPKeMenepAeH Typar. Omrekte 135 OGapak Tekct, 61
cypert, 23 Tabnuiia, 88 oubmuorpadusIbIK MIKUITEME KaHa 4 KOJIOHMOJIOP Oap.

Omrek Om MamJIGKETTHK YHHUBEPCHUTCTUHJIC AaTKapbUIABl. ABTOp ©3YHYH
xeTekuucu  ¢.-m.u.g., gomneHT A.bl.KypOanamuepre, Xammbel ¢Qusuka xaHa
bu3MKaHbl OKYTYyHYH yCyly KadeapacblHbIH OalybIChl, I.M.K., JOILIEHT
M.M.XymanoBara »xaHa Ol MamMJICKETTUK YHUBEPCUTETUHUH PEKTOPY (}.-M.H.I.,
npodeccop K.I'.KoxobexkoBro Oyn HUINTUH WWTHMIMKTYY AaTKapbBUIBIIIBI YYYyH
KArbIMITyy MApPTTapbl TY3YN OCPUIIKEHIUKTEPU YUYH JKaHa ap TapanTyy KOJJA00
KOPCOTKOHIYKTOPY YUYH bIPAa3blubUIBIK OWJIIUPYYHY ©3YHYH OHTOMIIYY MUJIIETH
JICTI DCEIITEUT.

Ap kanpmail koH(pepeHUUsAIapa KaHa CEMUHapJiapAa AMCCEPTaHT, (pu3uka-
MaTeMaTuKa WJIUMJIEPUHUH JokTopy, mpodeccop M.JK.)Kamanbaes wmeHeH
Oaapranryyra MYMKYHUYJIYK aJIbl )KaHa OMp KaTap ChIH-TTMKHAPIICPH KaHa KOTITOTOH
naiganyy KeHEITEPUHE bIPaa3bIIblIbIK OMIITUPET.

ABTOp 3NeKTpoHAyK napek Ooronua mkalbekova@list.ru, aiTeiIran ap
KaHJall KaaJooJIOp/y *KaHa MUKUPIIEPIN Tyypa TYITYHYY MEHEH KaObL anart.

JUCCEPTALUUAHBIH HETU3I'N MABMYHY

Kupumyyae TemaHbIH aKTyalayyilayry HETHU3ACNUI, W3WIAEHUI KaTKaH
MaceJICHHH  KOIOJyUly,  HM3WIJAeeHYH  MakcaTrTapbl  JKaHa  MWJIAETTEpU
(OopMyIHPOBKATAHBII, SMIEKTHH WIMMHI XKaHbBUIBITHI jKaHA MPAKTUKAJIBIK MAAHUCH
KepceTyay. Keichi10004y CYIOKTYKTYH arbIMIapblH, ajlap/blH apThIKYbLIBIKTAPbIH
KaHa  KEMYWIMKTEPUH  MOJEJ/ee]l®  a3bIpKbl  MaMujelep  TaJlKyyJlaHar.
JuccepTalMsiHbIH TY3YJAYIIY JKaHAa HETU3TW Ma3MyHy, Oejymaep OOIOHYA KbICcKada
OasTHIAII b

bupunun Oanm — ApaOuarrapasl  Kapam  4YbIlyy — KaBepHajapJarsl
KAJIKBIMATYYJTYKTYH 3(Q(EKTHH 3CKE alyy MEHEH KbIChUIO0OUY CYHOKTYKTAapbIH
TypOyJIEHTTYY arbIMIapblH MOJENAOOHYH 3amaHOam ycyiaaapbl OOIOHYA Kapoo
O0onyn eTkeH. /luccepTalisiHbIH TeMachl MEHEH OaliylaHbIIIKaH Oallika aBTOPJIOPAYH
HaTbIMKaJIap/IbIH JKaHa )KETKWINKTYY WIMMHM aJaOUsITThIH aHaJIU3U ©TKOPYJIIAY.

OxuHuYM O6an «MeToa0/10Tusl KaHa M3WII00 bIkMaaape» OpenFOAM
NAaKeTUHUH YEKTEPUHJIE€ KOHTPOJAYK KOJIOMIOpIyH bIKMaJapblHbIH HErM3UHIE
KAIIMbUIAHTaH ©3repMeNYYIYK Y4YH TallyyHyH >KaJIblJIaHTaH TEeHJIEMECUH
TUCKPETU3ALMSIIOO bIKMATAPhl KAPaJIbII YbIKTHI.

KankpiManyynyktyn  >¢Q@QexTrepun  kaHa  pagualUsuiblK  KBUIYYITYK
OTKOPYMAYYIYKTYH TaaCHUpPUH 3CKE allyy MEHEH PEeUMPKYJISUUs 30HATapbl MEHEH
MEHKUHAUKTETH TYpOYJIEHTTYY TYPYKCY3 MUKU arbIMaap M3WII66HYH 00beKTHUCH
OoJIym caHanar.

KankyyuynykTyH 3¢ (deKTHH 3cKe anyy MeHeH TypOyJIeHTTYY CTallOHap/bIK
AMEC arbIMJap/ibl CaH >KarbIHaH MOJIET 06 U3WJII60HYH MpeaMeTH O0JIyN caHaar.
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benMeHyH JKbUIyyJIyK UYeHPOCYHYH SProOHOMHUKACHIHA KaJIKbIMATYYIyK
3¢ (}EeKTUHUH TaaCHUpPUH CaH >KarblHaH MOJIEN/I66 M3WIJI060HYH HpeaMeTH Ooixyn
caHasar

Kapanyydy cTanmvoHapAbIK TaIlllIbIpMaHbIH MaTeMaTHKaJIbIK Mojenu HaBbe-
CTOKCTYH TEHJEMEJIepUHUH CHCTEMAChlHa HETU3JENITeH, ara UMIYJIbCTY >KaHa
AHTAJIBIUAHBI KOTOPYIITYPYYHYH Y3TYJITYKCY3IYK TEHAEMECH KUPET.

a_p V(ipu) =0 ()
d(pu) + V- (puw) ” e
at (2)
= —Vp + pGh(T — Trey) + V- (2uer; D(u))
-V <§.ueff(v : u))
2N + V- (puh) + V- (puk) = V- (aer,Vh) + pu - g+hy (3)
%(pr) + V(pur) — V- <p£;; ! VT) =1 4

ATrBIMIBIH TYpOYJIeHTTYYIYTYH 3cenke anyy OpenFOAM mnakeTuHe Kuprex
ap KaHJai TypOyJIEHTTUK MOJAEIAEPre HETU3ENIIEH.

YuyHuy ©Oam — “TypOyJeHTTHK arbIMIapibl KaJKbIMAJIYYJIYKTYH
3¢deKTHH ICKe ajlyy MeHeH caHIbIk Moaeaaee” OpenFOAM mporpammalbik
MAaKeTUHHUH alIKarbIH/Ia U3WII06JIepIyH HaThliKaaapbl KEJITUPHUIITEH.

1 - Macese. Open FOAM nakeTHHHH 4Ye4YY4YYCYH CbIH K63 MeHEH
Kkaiipagan kapan ubiryy. KaBepHaHblH OuMMUKTUTHM OOIOHYA CO3YJITaH KaTuMKH
CTallMOHAPJBIK KOHBEHIIMSHBI CaHJBIK MOJICIA06 Kapaibil ublkkaH Betts, P.L.,
Bokhari I.H., (2000). KaBepHaubin Ouitmkturu H =2.18M, keHIuru (Tyypachl)
W=0.076mMm, an smu Tepenauru D=0.52m re 0apabap, (3.1-cypeTTy KapaHbI3).

3.1-cypet. KaBepHaHBIH cXeMachl,
ACENTHK TAapPMaKTBhIH YOKYJIaphl )KaHa
KOOpJMHATAJIAP/IbIH CHCTEMAChI

Yexk apa xaHa Oamrankbl maprrap. OHI0TY BICCHIK XKaHa COIAOTY MY3/1aK
KanTaJIabIK qyOamdanapasia abipmace! 19.6 °C xana 39.9 °C ra 6apabap 6omyn, W
KaBEepHAHBIH KEHAWUTH  OOIOHYA J3CENTeNreH PanedawH  caHgapblHA IIaMKeIl
kenmirer, anap Ra=8.6x10° xana Ra=1.43x10° Gapabap 6010T.

KaBepuanbian kanrtaimapbiiaa U bUIIaMIBITBIHBIH BEKTOPY Y4yH — noslip
XKAOBIITYYCYHYH MIapThl OepwiireH. AJIBIHKBI, apTKbl, >KOTOPKY >XaHa TOMOHKY
KanTajiaapblHaarkl Temrepatypa yuyH zeroGradient — Hopmanbl OOrOHYA HOJIIYK
IPaJMCHTTHH IIapTTapbl OepwireH, amap Oyl YeK apa apKbUIyy KbUTYYJIyKTYH
areIMBIHBIH 00JIOOOCYH KamchI3famar. bapabeik scenreesiopae My3laK KanTaIbIH
temriepatypacbl 15 °C ra Oapabap Ooiyn, BICCHIK KaNTaJJbIH TEMIEpPaTypachl
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Penelinun caHbiHa OalnaHBINTYy ©3repyll TypraH al  TOMOHIeryYJep:
Ra=8.6x10° te axn 34.6 °C 6apabap 6ouroH, an smu Ra=1.43x10° na — 54.9 °C.

AnTel yek apamapabiH OapasirbiHgarel O6aceiM yuyH — FixedFluxPressure
mapTel OepwiireH, aja OepriireH MaaHure OONroH OachIMIBIH TPAJUCHTUH YEK
apanarsl 0achIM BUITAMIBIKTBIH Y€K apalibIK MAPThl MEHEH OCpUITCHIIEH KBUIBII
AHBIKTANT. K KHHETHKAJIBIK SHEPTHSHBIH TypOYJICHTTYYJIYTY jKaHa () KMHETUKAJIBIK
SHEPTUSIHBIH TYpOYJIEHTTYYJIYTYHYH AMCCUMNAIUSCHIHBIH bUIAM/BITBIHBIH Y€K apa
mIapTTapbl KanTal WYUHACTH  (QYHKIMSUIAPBIHBIH alapaThlHbIH SKapJaMbIHIA
OepHIIHIIICT.

KaBepHaHblH WYHMHAETH BULAAMIBIK BEKTOPYHYH TalaachlHbIH OalllTanmKbl
MaaHHCH Hejre Oapabap OOJITOH, aHTKEHM OaITankbl ydypjaa ada KbIMMBLIbI
O6onron smMec. OKmIONI Y€K apa MIapTTapbl KBaApaTThIK aba KaBepHAChl Y4YyH
KOPCOTYJIIOH.

Canablk 3cenToeJIOpPAYH HAThliKagdapbl. 3.2 - cypeTte Paneil canbl
Ra=8.6x10° menen CTaHAAPTTHIK THIOTOPUAJBI YUYH HEBA3KAJIApD KOPCOTYJINOH.
1x10™ OepwireH TaKThlKk MEHEH OHJOJITOH ThIOTOPUAJBIH KOJIJIOHYY MEHEH
utepanusioo mporeccu 2039 (3.26-cypet) sxkana 2759 (3.2B-cypet) Poaneit
caubIHbIH Ra=8.6x10° xana Ra=1.43x10° MaaHHCHHE 5KaKBIHIAIAT.
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a) Ra=8.6x10° 6) Ra=8.6x10° B) Ra=1.43x10°
3.2 - cypeT. Paneiinuu ap TYpAYY CaHIapbIHAA YBIHBITHI () KOPPEKTUPOBKAIAHTaH
(0, B) ThIOTOpHANIJIBIH OaNJIaHBIIITIOOCY

BaitnansimnoonopiyH MaaHHCH MoaU(pUKALIUSIIAHTaH yuypaa
CTaHAAPTTHIK THIOTOPHAT YYYH OOJTOH OalIaHBIIIIOOJIOPAYH MaaHWJIEPUHEH 2
(acere) TapTUIke TOMOH OOJyIIIAT.

CaHIbIK HaATBIVDKANAPABIH BUIAWBIKTYY IKCIIEPUMEHTAJIBIK OepuiITeH e
MEHEH CaJIBIITHIPBUTBITIEI 3.3 - 3.4 - cypeTTep1e KOpCOTYIITOH.
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3.3 - cyper. Ra=8.6x10° (commo) sana Ra=1.43x10° (oHnd) Y49YH OpPTOYO
TEMIIEPATyPaHbIH MPOPHIIICPH



3.4 - cypet. Ra=8.6x10° (conzo) xana Ra=1.43x10° (oH10) yayH opTouo
BUTTAMIBIKTEIH UY BEpTUKAIIBIK TY3YYIYCYHYH npoduiaepu

OpTtouo TemneparypaHsl )kaHa OpTOYO bUIAAMABIKTarel Uy BepTHKaIIBIK
TY3YYYYCYHYH 3KCHEPUMEHTAIJBIK en4eesiopy z=0 TEru3IuruHie OTKepyYay.
KannpicblHaH —anraHaa, CaHABIK jKaHa HKCIEPUMEHTAABIK OepHIreHAepIuH
OpPTOCYHJIarbl Jaji KeNYY4YIYKTY Tyypa Aen aiuTyyra 0oJioT.

TeMmmneparypaHbIH jkaHa OPTOYO BULIAMABIKTHIH BEPTUKAIJIBIK TY3YYUYCYHYH
npoGUIEPUH CATBIIITHIPYY KOPCOTYI TypraHjaail, SKCIEPUMEHTTHH >KaHa CaHIbIK
3CENTUH OPTOCYHIArbl OKIIOIITYK Ra=1.43x10° Paneif CaHBIHBIH KOI GOJIOH
y4ypyHJa raHa HayapJIauT.

Kuitnnku cypetrre 3.5(a, 6) ga oproyo Temmneparypa OoroHuya Paneliaun
Ra=1.43x10° canbr yuyH Seyed Ali Omranian (2007) HUH CaHJbBIK HATbIHXKaIapbl
KaHa TUHUIITYY SKCIEPUMEHTTUH OCpUIITCHIEp MEHEH CAJBIIITHIPYY KEITUPHUIITEH.
y/H=0.3 (3.5a-cypet) xana y/H=0.5 (3.50-cypet) Oynapaarbl kaTaiabik 25% bl
’aHa ara butaibik 35,4% awl Ty31y. buzaun acenteenepyOy3ie THHUINTYY KaTajiap
1% »xaHna 1,6% ra 6apabap.

EXP Y=

ure

AWF

1

|3

*‘. N L
| I
Dimensionless temperature

3.5a-cyper - y/H=0.3 optoyo 3.56-cyper - y/H=0.5 yayH opTodo
TEMIIepaTypPaChIHBIH TPOQUITH TeMITepaTypaHbIH MPOohUIH
Ne2 — wmacesme. Al0a KOHAOWIOPYHAOI'Y TAOUIbId CTAMOHAPIBIK

KOHBEKIMSIHBI MO/1eJ1]100. byl MacelleHnH MakcaThl ap TYpayY Gopmanarsl xaHa
OITYOMIIOTY KaBEepHAJIapAarsl KAPBIKTHIH Tapallyy MPOIIECCHH ICKE alyy ke amdoo
MEHEH TaOWTbIi KOHBEKIIMSUIBIK JKOJI MEHEH KbUIYYIYKTYy OepYyHY MOCII06/10
OpenFOAM auplk makeTWHE WMILIEMEHTaNMsIanrad (0.a. TporpaMMaliaHraH),
TypOyJNEHTTYYJAYKTYH  TalJalaHblIyydy  MOJEIACPUHUH  CAIBIITHIPMATYY
TaaMaWJIBITBIH 0aaI00/10 Typar.

TypOyneHTyyIyKTYH MOJICTIICPUH MaiilajaHyy *KOHYH/I® aHbIK MaaJlbIMaTTap
KOPCOTYIITOH KaHa MOJICTIIOOHYH KBIMBIHTHIKTAPHI %) OomyHraH
AKCIIEPUMEHTAJIBIK OCPHIITEHACP MEHEH CaJBIIITHIPhIIAT, alapblH dCCONMHEH ada
arpIMJIapPBIHBIH MBIHJIal TUTITEPH YUYH KalChl MOJIETh MBIKTBI 00JIOOPYH aHBIKTOOTO
MYMKYH 0OJIOT.
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3.6-cypeTTe xaObIK 3ku e1uemayy kaBepHa kepceTyiareH Cheesewright R,
King KJ and Ziai S (1986) xana 0.75 M xantaneiaaarsl 4apusl kaBepaa F. Ampofo
xana T. G. Karayiannis (2003) mbiHga Oup raHa TaObITBl KOHBEKLHMS Kapasbl
YbIKKaH.

Yek apa xaHa OamiTankpl WApTTap. bUprHUM KOHAGWIYH COJN KaHa OH
KanTaagapblHAarbl YEK apajiblk MIapTTapbl KaTtapel OenrwieHreH t, =66.8°C xaHa
t. =21°C TemmepaTypacblHbIH MaaHWJIEpHU bUIAWbITbIHA Kapan Oepuier (3.6a —
CYPOTYH KapaHsbl3). KaBepHaHBIH JKOTOpPKY JKaHa TOMOHKY KalTajlgapblHaa
annalaTTYylyKTyH (TepMOJAMHAMUKAIBIK >KbUIYYIYKTY H30JLHUAIO0UY) HIapTTap
oepurer. ’ Y

3.6 — cyperT. - Dku emueMAYY THK OypuTyy,
KBaJIPATTHIK TETU3IUK

H=2..5m

s
H=0.78m

byn oxepnme kaHa OapAplKk KUHUHKA — * e %
Macesenepie KallraH YOHJAYKTap YYYH 4YeK apa
’aHa OallITankpl MapTTap, TMCKPETTOO bIKMAJaphl kKaHa YeuyyY KOJIJI0PY MYPYHKY
MaceJiere OKILIOoII OepuIeT.

Hartpiiicka xana Ttajakyyioo. 3.13 - 3.15 — cyperrepme RNGk — ¢
TypOyJIEHTTYYJYTYHYH  MOJIEIIEPU  DKCIEPUMEHTTUK  OEpWIreHIep MEHEH
CaJIBIIITHIPBLITaH.

325 T 04 4 0.01

5 ol ‘ﬁn_a.o—‘\o 1
0. AN
0%, 01t A

4 »

007 ¢ o2t i ——e=,

L)

o.

05 1 15 2 25 0 01 02 03 04 5 Winpwra KasepHet, M

Winpwna kasep

Pucynok 3.13 - Pucynok 3.14 - Pucynok 3.15 —

TemneparypanbiH UY TOPU30HTAIIIBIK K ropusoHTanIBIK
BEPTUKAIIBIK NPOQUINH  TPO(UIMH CaTbIIUTHIPYy NPO(YHUINH CaTIBIUTHIPYY
CaJBIILITHIPYY

x=0.25M cbI3bIK 0OIOHYA BEPTUKAIAYY TeMIlepaTypa NpOQUINH CABIIITHIPYY
(kemmeWayH oprtouo  TyypackiHma, 3.13-cyper) kammbichiHaH —~ RNGk-¢
TYpOYJEHTTYY MOJEIM SKCIEPUMEHTAIBIK MaalbIMaTTapAblH ©3repyy MYHO3YH,
aHBIH UYMHJIE KaBEPHAHBIH YCTYHKY AyOaiblHa KaKbIH UHUIIHMIINA TEMIIePaTypaIbiK
npoduiire MyHO3aYy.

3.14-cypeTTeH KepYHYIl TypraHjai, TOPU3OHTAJIBIK CBI3BIK OOOHYA
BEePTUKAIBIK BUIIAMIBIKTBIH CAHABIK MaaHWiepu y=1.25M (OpTO4O OWMHMKTHIN)
OKCIIEPUMEHTAJIBIK MaalbIMaTTapra Tyypa KeJeT. Orepae Mys3[aak IyOanabiH
KaHBIHA CaH/bIK BEPTUKAIABIK bUIIAMIBIKTHIH MPO(UIN IKCIIEPUMEHTKE )KOTOPKY
TaKThIK MEHEH J1aJl KeJiCe, bICHIK AyOasIbIH KaHbIH/Ia BEPTUKAIIBIK bUIIAMIBIKTHIH
CaH/bIK MaaHWCH THEIIENYY DKCIEPUMEHTTHUK MaaHuJeH amar. TypOyJneHTTHKTHH
KWHETUKAJIBIK YHEPTHSICHIHBIH MaaHUCH BICHIK TyOasIbIH KaHBIHAA alllbIK4a, ajl MU
My37aK JyOaJJIbIH >KaHBIHJA SKCIIEPUMEHTKE CalBIIThIPMATyy TOMOH OaajaHaT
(3.15-cypetTy KapaHbI3).
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Cheesewright R., King K. J. and Ziai S. (1986) »skcnepuMeHTaIIbIK
WUINTEPUH]IC AWTBUITaHIal, YCTYHKY >aHa aCTBIHKBI TyOangaplblH KbUTYYTyTy
KETUIICH3 OONTOHAYKTaH, KOHIOWIYH BICHIK JKaHA My3JaK AyOanmapbl apKbUIyy
KBUTYYITyK OTKOPYJYITy OOIOHYA aCHMMETPHSUIBIK ASKCIIEPUMEHTTE.MaajJbIMaTTap
tabpurad. Ansys CFX koMMepnusuiblK MaKeTHHWH ajKarbiHaa OyJl TamibIpMaHbI
mozaennee OorwHYa Yingchun Li, (2014) sxsiisiHTBHIKTaphl 3.16-3.18-cypette
KOpPCOTYJITOH.

g 2
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o

00

Non-dimensional height
T

Kinetic energy (10°

T T
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Non-dimensional width
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04 06 04 06
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3.18 - cyper.
KaBepHaHbIH KEHIUTH

3.16 - cypet. OpTouo 3.17- cyper.
KaBepHaHbIH KEHIUTH
00orOHYa OPTOYO

KCHJIUKTE BEPTUKAITb
OuitukTUrH O0IOHYA 0O0IOHYa OPTOYO
OMMUKTUKTETH
OJTYOHTOH KaHa

CaHABbIK KMHCTHKAJIBIK

CaHJBIK XaHa ©JTHOHI'OH OMMHKTHUKTE CaHBbIK

TCMIICpaTypajaap JKaHa ©JIY6HT'O6H OPTOY0

BUIIAM/IBIKTAP
SHAPTHUS
T TemmepaTypachlHBIH TOPU3OHTANABIK TpoduiaepuanH, Uy BepTUKAIIABIK
BULTAMIIBITHIHBIH  JKaHa y=1.25M  KaBepHACHIHBIH OpPTOYO OWHUKTHKTETH K
TypOYJIGHTTYYJIYTYHYH KHHETHKaIbIK dHepruschiHbiH —Cheesewright R, King KJ
and Ziai S, (1998) mmTepuHUH BUTAWBIKTYY 3KCIIEPUMEHTTUH OCPWIITCHIIEPU MEHEH
om3auH xaHa Yingchun Li, (2014) umueaMH canbluTeIpsuibimiel 3.11 - Tabnuiana
KEITUPUIITEH.
3.11 - Tabnuira. DKCIIEPUMEHTTHUK >KaHa ICENTUK OSPHIITeHEPIN CATIBIIITHIPYY

Temneparypa blnpamasikrap TypOyneHTTYYIYKTYH
JKBIABIHTBIK KUHETUKAJIBIK SHEPTUSACHI
blccbik | My3nak | blcebik | My3snak | blcerik My3znax
busnuku 1.3% 1.9% 2.2% 3.5% 1.7% 2.6%
Yingchun Li. 20% 6.3% 37% 25% 63% S5T%

Anman kuiina, F. Ampofo xanma T. G. Karayiannis (2003) Tuemenyy
AKCIIEPUMEHTAJABIK MaallbIMaTTapbl MeHeH Kanrtaiaapbl 0.75 M O0JroH 4apysl
KaBepHaJla TAOUThIN KOHBEKIUSHBI MOJIEI/I06 JKYPIy3YJITreH.

SSG TypOyNeHTTUK MOJEIMH KOJJOHYYAArbl >Kambl arbiMablH yirycy LRR
MOJICJIMH  KOJIJOHYyyJAarbigail  sie. KBampaTThik KaBepHa Y4YYH CaHJBIK
YeuuM/IEpANH HaThlibkamapbl 5:1 KaThIlIbl Oap KOHAOM YUYH HaThlibKajapra Tyypa
kener. Takrtam alTKaH[a, KBaApPATThIK KAaBEPHAHBIH OPTOYO OWMHWMKTUTHUHIETH
BEPTUKAIIBIK Temmeparypa mnpopuian OyT OWUHUKTHKTErH OSKCIEPUMEHTTHK
MaajpIMaTTapra calbIIThipManyy O0aananOaiT (3.19a xana 3.13-cypeTTy KapaHbI3).
AcTieKTUHUH Katblibl 5:1 OONTOH KaBepHAa YYYH JKOoropyna OeNTHiIeHreH
TypOyJIEHTTYYJYKTYH KMHETHKAIBIK DHEPTUSCHIHBIH OaanaHOaran maanucu (3.15-
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CYPOTTY KapaHbI3) KBaApAaTThIK KaBepHana na Oomnor (3.198-cypet). bupok, 1:1
(KBaIpaTTHIK KaBEPHA) KATHIMIBI OOJITOH KaBEpHAJA BEPTUKAIIBIK BUIIAMIIBIKTHIH
ropusoHTaIAbIK mpoduiaepu (3.196-cyper) xana temrepatypanbid (3.19a-cyper),
KaBepHaJareail 5:1 KaThIIIbl SKCIEPUMEHTAIBIK MAQJIIMATTAp MEHEH JKETUIITYY
nan kenert (3.14-cypeTTy KapaHbI3).

Ned - Maceure. Peseii-beHapablH KOHBEKTUBAYY KYIOHAAPbIH
MOJeq166. byl MaceneHWH MakcaTbl OpTOYO TEMIIEpaTypaHbIH KaHAa  OPTOYO
BUITAMIBIKTBIH TajlaaJapblHIarkl OPTOUO TEMIIepaTypa Y4YYH ap TYpAYY Y€K apa
apTTap/iblH TAaaCUpPJEPUH OKYIl YHUPOHYYyA® TypaT. AcHekTHHHH Katbimbl 0.5
OOJITOH TUK OypuTyy KaBepHaJa TaOMTbIi KOHBEKIUSHBI MAaTEMATUKAJIBIK MOJIEII100
buoyantPimpleFoam weuyyuycyn mnaigananyy meHeH OpenFOAM nakeTHHUH
YeKTepuHAe oTKepyiay. Aba TonaTypyiarad kaBepHa Oouitmkruru H=0.5Mm, Tyypacsl
L=1m xana tepenaurn W=0.1M G0JITOH TeKCa’AP/IbI 63y TapanTaH KOPCOTYH TypaT
(3.21-cypeTTy KapaHbI3).

L y L

f Teeiting Teeiting aT

| for ar ar ar
H| 1%L = 3 2 H T g T H £ = i —=
| fax 0 IE dx 0 t lg & 0 £ dx 0

Trio0r x Trtoor x Trio0r

yuayp 1 y4yp 2 yayp 3
3.21 — cypeT. MaceneHnH reoMeTpHsICHI )kKaHa TeMIepaTypa YUYH ap TYPAYY
OOJITOH Y4 YeK apa ImapTrap

Yek apa xaHa MaceJIeHHMH OalITankbl mAPTTapbl. backiM TanaachIHbIH
6amrankel mMaanucu 101 325 Ila, xkaBepHana abaHBIH OaIITAlKbl KBIMMBLIBI KOK
OOJITOHAYKTAH BUIAAMIBIKTHIH OapblK KOMIIOHEHTTEpU HeJire Oapabap. Dcenrtee
aliMarbIHBIH OApJIBIK YEKTEPHUHIC a0aHBIH UIICHIKEKTYYJIYTYHOH yliaM Tauraian000
IapThIHAH BUIAMIBIKTHIH MaaHUCH Heilre Oapabap. KaBepHa bUIIBINKBI myOan —
II0J1 apKBUTYY KBUIBITHUIAT, aHbIH TEMIIEpaTypachl OapAbIK KapairaH yd yuypja TeH
Teceiting = 30°C Gonromn.

bupuHun yuypma kanTtan d4ekTepae Temmeparypara HelMan mapTel
Oepuniet, Oalikaya aiTKaHJa 4yeK apara HOpMmayu OOIOHYA HONAYK TpagueHT. byn
mapT YeKTHH aaualaTTyyJdyryHyH (U3uKanblk abaliblHa - Y€K apa apKbUIyy
KBUIYYJIyK arbIMbIHBIH JKOKTYIryHa Tyypa KeneT kaHa OpenFOAM mnaketunne
zeroGradient karapel OeNTHICHET. AJ 9MU IIBINTA JKaHA MOJA0 J{MPHUXIIET ImapThl
opHotynrad - OpenFOAM mnakeTUHUH TWIMH]IE OCITUIICHTeH YeKTHK [IapTKa Tyypa
KEITeH TYpPYKTYy TeMIlepaTypa MaaHUCH. OKUHUM Yy4yypAa, OapAblK dYeKTepe
OeNTHJIEHIeH TeMIlepaTrypajap, YUyHUYy ydypla, KamTal 4YeKTeplAe >KaHa IMIbIITa
TEeMIEpaTypaHblH auabaTTyyIyK IapThl OCITUICHET.

Canaplk  3cenTeesiopaAyH  HaTblikagapbl. TeMeHKy  cypeTTep
TeMmneparypanbiH 1, 2, 3 TemmeparypalblKk Tajlaajap, bUIAAMIBIK BEKTOPY,
BUITAM/IBIK MOJYJY aHa YOakKbITThIH ap KaHJalh MOMEHTTEPHU YUYH BbUIIaMJIbIK
MOJYIYHYH H30CBI3BIKTapbl Y4YYH KOJIJJOHYJTaH OapJblK Y4 4YEK apa IapTTapsbl
OOIOHYA ACENTOOOPIYH HATHINKATAPBIH KOPCOTOT.
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3.23 - cypeT. YOaKbITTHIH ap TYPAYY MOMEHTTEPH YUYH bUIIAMIBIK BEKTOPYHYH
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3.24 — cypet. blnnaMasik MOIYTYHYH U30JUHUSIIAPHI

ATBIM cxemachl TeMIlepaTypaHblH Y€K apa MIapTTapblHBIH TYPYHO jKapalia
abnaH aipipmanaHat. OU3MKANBIK KO3 KapalllTaH ajraHjaa, KeHIeW MEHEH aijaHa-
YOUPOHYH OPTOCYHAArbI KbUTYYJIYK O€pYYHYH YU TYPY @HBIKTAJITaH:
yuypl. XKeutyynyk anMainyy KeHIOHAYH IBIObI apKblUTyy raHa WMIIKE amaT - HIbII
apKbl1yy a0a arbIMbIHBIH My31aibl. KeHnelayH kanTan gy0anaapbl ainadaTThIK.
yuyp2. XKbUlyylyk anMailryy KeHAOWIYH IIbINTapbl jkKaHa KanTal ayOangapbl
apKbpUTyy HWINKE amiaT - Wb jKaHa KamTtaja JyOannap apkKeulyy aba arbIMbIHBIH
MYy3/IaIlIbl.
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yuyp3. Kbutyynyk Oepyy TamTakblp KOK - KOHIOWIYH HIBINTapbl >KaHa KamTal
nyOanaapbl annabaTThIK KaHa aba arbIMBIHBIH MY3/IAIIIbI )KOK.

1 abannan 2re 6TKOHI© arbIM/IbIH CXEMAChl Kailpa TY3YJ® TYpraHbIIbl aHbIKTAJITaH
- YOH KOHBEKTHBJMK KYIOH ©3 OarbIThIH Kapama-KapIlibl Tapanka e3repTeT. Al oMU
KeHJenery abaHbl TOJIYK aaualaTTBIK BICBITKaH yuyypaa (3-yuyp), Temmeparypa
TaJaaChIHBIH TEHACIIN OUPUHYM KU bIKMara (yuypl xaHa yqyp2) caiblITHIPMAIYy
ajnja KaHya 3prep3dk 00s10T. byn yOaksIT 60mk0n MeHeH 150 cek, an oMU KanraH
9KHU yuypJia TeHJ106 YOaKThICHl YEKCU3 Y3aKKa CO3yJarT.

Ned - macese. Tuxk Oyputryy KeHAeii1e TaOMIblii KOHBEHUHMSIHBI
PAANANMAJIBIK JKAPBIKTHI TAPATYYHY (HYPJIAHYYHY) 3CKe aJIyy MeHe MO/ eJI160.

TyypacbiHan kecwiMm OOJNTOH THUK OypuTyK MEHEH Y4 ©I4eMAYY
KaBEpHAaJarel KaJuMKH CTalMOHAPABIK KOHBEHIUSHBI MAaTEMATUKAJIBIK MOJIEII00
MaceJiecu KapaJsiblll yblrat. besyMyHyH MoaenuHuH Ouinkturu H =2M, y3yHayry
W=10M, Tyypacei D=6 ™M, an 5MH XKbUIyyJyKTyH Oyliarbl TeMeHAerynei
emyemaepre, h=0.5m, w=1.0m xana d=1.0m Gapabap (3.25 - cypeTyH KapaHbI3).
Kemyynyk Oynarel napanenermneanua wauaae (0.5 05 0) (1.5 1.5 0.5)
KOOPAWHATTAPbl MEHEH YKaWTaIllIKaH.

3.25 - cypert - Kapanyyuy
MaceJICHUH T€OMETPHSICHI JKaHa
KOOpJIMHATTAP CUCTEMAChI

[ToTomokTyH »aHa nmonayH temmeparypackl 300°K re, am smu MoaenauH
KOTOPKY OH OypuTa >KalramikaH bICHITKBIYTHIH TeMiiepaTypackl S00°K re 6apadap.

3.27- cypette Pl paauanuanblk HypAaHyyHYH 5KH MOJIEIH YUYH
KarnTajigapAarsl OpTO4Y0 TeMIepaTypachiHbIH OOMYIITYpyyIny keatupuired (3.25a
- cyper) xxana fvDOM (3.256 - cyper).

25 303 3035 304 30ee02
) e

3.27a - cyper - 3.276 - cyper - 3.27B - cyper -

PagmnanustHbI ScKe Pagnonusaeia P1 Pagunonusaasis fvDOM
anbail Typrasjarsl MOJIENIHN YUYH MOJIEJIN YUYH
TeMIrepaTypaHblH TeMIrepaTypaHblH TeMIrepaTypaHblH
Gemyrrypysynry GeuyuITypysrymy OesymITypyrymry

3.25a0B - CypeTTOpI6H KOPYHYI TypraHaail 5K MOJEIIUH OPTOCYHIATHI
HETU3TU alibIpMa BICHITKBIYKA JKAKBIHKBI OypUTaH OpYH ajraH, aj KuUuHKA 3.262a0 -
CYPOTTOH alphiKya jJaaHa KepyHen TypaT, MbiHAa z=0.25M ne XOY Terusaurusae
OpTOYO TEMIIEPATypaHbIH Talaachl KOPCOTYITOH.
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Aitteutrangap (0.2 0.2 0) sxana (0.2 0.2 2) koopauHaTagapbl MEHEH YEKUTTEP
apKBUTYy OTYY4Y® CBHI3BIKTHIH Yy3yHYHaH OOJITOH TeMIIepaTypaHbIH BEPTUKAIIBIK
npoUINH KepcoTyn Typyyuy 3.27ab cypeTTepyHeH KepyHYII Typart.

MpeiHga xKoropy Kapail >KbpUIBIIT OapaTKaH BICCHIK aba KOPYHOT, KbUIYYIyK
OynareiHan Oap OonroHy OWp Heue caHTHUMETp apajibikra Temmeparypa 500 K re
TOMOHJIOUT, JPAPJIUK Kypyan TypraH a0aHbIH TeMIlepaTypachblHa YEWHH, XKe
605160co 300 K re geitun tymeT. MbiHa yuryn cebenten 300K nen 320 K rpamycka
YEUHWHKHU 1IKaJIa aiJajJaHbUIraH.

DcenTeesiopiyH  KbIUBIHTBIKTAPHl ~ KOPCOTYIl  TypraHjail,  BICBITYydy
AJIEMEHTTHUH alIlaHaCBhIH/A KY4Yel KOTOPYJIYIl YBITHIN KaTKaH a0aHbIH arbIMbl Maia
00JI0T ’KaHa TaOUTbIN KOHBEHLIUA JKapaar.

Kutinku 3.19 — tabnunana 4 penepayy P1, P2, P3 sxana P4 yekurrepunaeru
TEMIIEpAaTypaHblH  Tajaachl XOHYHJOIy MaaJlbIMaTTap KEJITUPWIITEH, ajlapAblH
koopauHaranapse! (1.0 1.0 1.0), (9.0 1.0 1.0),(9.0 5.0 1.0),(1.0 5.0 1.0)
re bUIAaHbIK OOTyIIAT.

3.19 - rtabmuna. 4 pomepaUMK YEKUTTEPAETH TeMIeparypa Tyypalyy CaHIIbIK
OepuiireHiep

Yekurrep P1 P2 P3 P4

OF6 Paguarnmacers 304.169 300.535 300.56 300.342
FvDOM wmozeinn 308.544 300.52 300.263 301.308
P1 monens 308.104 300.609 300.319 301.949
OF7 Pagnanusaces 304.169 300.535 300.56 300.342
FvDOM moznens 308.544 300.52 300.263 301.308
P1 monens 308.104 300.609 300.319 301.949
OF8 Pamuarnmacers 304.176 300.545 300.57 300.354
FvDOM wmoznens 308.548 300.53 300.273 301.317
P1 monens 308.817 300.396 300.391 300.477

OF9 Pagnanusaces 304.2 300.5 300.6 300.4
FvDOM moznens 308.429 299.97 300.049 299.859
P1 monens 308.606 300.698 300.492 301.976
OF10 Pagmanmsacers 304.155 300.541 300.566 300.352
FvDOM moznens 308.427 299.968 300.047 299.858
P1 monenn 308.607 300.692 300.478 301.977

byn Tabnumaman KepyHym TypraHmaid, paadalysiibIK —TamlbIMaJlIblH

TEMIIEpaTypaChIHbIH TajlaaCblHA TUUIM3reH Taacupu Pl dekUTHMHUH ainaHachlHIA
Oaiikayat, MbIHAA TEMIEpaTypajarbl aiblpMa pagualisHbl CKE aliraHa ke aHChI3
4 K mu ty3er. TemmeparypaHblH bUIAMBIKTYY aiiblpmackl P4 uyexkntnnne 1K re
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KakplHbIHA OapabGap. P2 xanma P3 anpickbl YEKUTTEpUHAE KBUIYYIYKTYH
paaualysAIbIK TalIbIMAII00 TEMIEPATypaHbl OOMYIITYPYY TajllaaCchblHA YBIHBIHA 34
Taacup ITIICUT.

Kapanbin >xaTkaH y4yypAyH MYHO31yY ©3redeiyry Oomnym, OelIMeHYH
MOJIETIMH/IE TEMIIEPATypPaHbIH OJITYTTYY >KOTOPYJAllbl >KbUIBITKBIYTHIH >KaHBIHAH
opyH anat. beameHyH kanrad 0eyKTepYHAery TeMIiepaTypa A33PIUK 63ropoeT.

AHpaH apbl, OOJIMOHY >KbUIBITYY IOJ apKbUIyy HIIKE AalllbIPbUIraH y4yp
Kapajrad, aHblH emdemy 10%6 M TBIL ty3eT. Ilonayn temneparypacel 325K re
Oapabap 60JIroH.

MpbiHaail ydypaa TeMmIepaTypaHblH >KaHAa bUIIAMJIBIKTBIH TaslaalapbIHbIH
OONYIITYPYJIYIIy Oropyla KapairaH ydypjaH ablaH 3Jie ailblpMaiaHblll Typart.
byn aiiteuirannap temennery 3.34-3.37 — cypeTTepleH KOpYHYIl TypaT, aHja
TEMIIEpAaTypaHbIH Talaanapbl )kKaHa Y=3M TErM3AUTHHACTH bUITAMABIKTHIH MOy
KOPCOTYJITOH.

— ‘ — s 7 » o
2lz ' 2 Y a 5 6 7 Y 3 m’ ‘s* ( /,ﬁl \ﬁ‘\ ~ : y N Y j?:hl
Z Ao 1 s 2ans 14 | §y zax
=T==.) S\
3.34 — cypert. blnmgamasik MOTyITyHYH 3.35 - cyper. ])IJII[aMIIBIK
Tajaachl BEKTOPYHYH Tajlaachl

T
o on UM agnitu :I. ;)g bi 300402 301 3015 02 3.0e+02
4 i ¢ —

X Axis
° ' 3 a 5 s 7 s ° 0
2
zAxis 1 ZAxis
' 1V ZAxs
o
4 .

7 . ] 10

3.36 — cyper . ])IJ'IJI&M)IBIK MOJTyTYHYH 3.37 — cyper. TGMHCpaTypaHBIH
W30JTHHUSICHI Taxaachl

DKM Kapama-KapIlibl OarbITTa ailllanyydy X=5M KyIOHAapblHa (BUXPJIEHUE)
CaBIIITHIPMATYy 5KH CHUMMETPUSITYY CBI3BIKTap/blH Maiina OonyycyH OaT 3ie
oenruneere MyMKyH 00510T (3.34 — cypeTTy KapaHbi3). AGaHbIH arbiMbl X=0 >xaHa
x=10M dYeTkM KanTajagapAblH >KAaHBIHAH XOTOpPYy KOTepyJeT Ja aHJaH COH
MOTOJIOKTO OUpHU-OMpUHE Kapail ymTyymiar. bupune Oupu KarbUIbIIIKaH COH X=5M
CHI3BITHIHBIH alJlaHACBIHIA OOJIMOHYH OPTOCYHJA arbiM TOMOH Kapail >KbuUiarT.
BemMeHyH TmolyHa >KETKEH COH a0aHbIH arbIMbl KapamMa-Kapliibl OarbiTTa 3KU
KytoHra Oenynymet (3.36 — cypeTrTty kapaHsi3). benmenery aGaHbiH IPIpIUK
OapabIThl KOHBEKTHBIYY KBIMMBUITA TapTHUITAHABITBIHBIH albIHAH, O0OJIMeery
a0aHbIH OONYIMITYPYJIYIIy CHUMMETPHUSIIYY KaHa OWp KaipmTa OOJOT, 3rep JKH
CUMMETPUSUTYY KYIOHJIapAbIH OOpOOpYHAArkl TeMIEpaTypaHblH OUp a3 a3aliraHbiH
acke anranja (3.37 — cypeTTy KapaHbI3).

OmenTun, 06 IMOHY TIOJI APKBUTYY JKBUTBITYY MPOIIECCH KBUIBITKBIY TIEYTHH
(MemTvH) OeJMOHYH OypuyHJa TypraHbl MEHEH CajbIIUIThIpMayy, OOJIMOHYH
OapapIK KEpUHIE TeMIlepaTypaHbl OUpAeH emdeMae OONyIITYpYyYre ajibll KeleT
JIETeH ThISTHAKKA HEeTU3 O0JIOT.
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5-Macesie. BailjiaHbIIIKaH KbLUIYYJIYK ajJMallyyHY 3CKe ajlyy MeHeH
Kamnsl ¢usuka xaHa @QU3MKaAHBI OKYTYYHYH YcCyJay KadeapacbIlHbIH
HMapPAaThIHAA KbLIYYJIYK KOM(OPTYH 3cenToe.
MaceneHuH TEOMETPHUACH KaHa KoopauHataimap cuctemacel 3.39 — cypette
kepceTyireH. beamenyn Mozenn L=4m y3yHaykka, H=2.6M OWHMKTHKKE >XaHa
W=3M KEHIUKKE 2.

Bxoa

Bbixoa
Y Axis g ' /

X Axis |
2 E) 4.Y Axi

>y e 3.39 -cypeT. MaceneHUH reoMeTpHUsCHI
: | KaHa KOOpIWHATAIap CUCTEMACHI

Kupyydy conm ayOannblH 3KOrOpKy cojl OypuyHJa >Kalramkad. AHBIH
tyypackl 0.5M, Ouiinkturu 0.2M, asatsl 0.01m°. Po3eTka apTKbl 1yOasIbiH OPTOHKY
06eyryH/1e, MOJIT0 JKaKbIHBIPAaK KauralikaH. AHBIH Tyypachl aHa OMUUKTUTH Ja
THELIENYYJIyryHe kapama 0.5 M xana 0.2 m.

Temneparypacel 298 K Taza abaHbIH arbIMbl KUpyydy apkeuiyy 0.2 w/c
BUITAM/IBIKTA KUPUI, 06]IM6 MOJEIMHEH YbITYy4Yy apKbUITYY arblil YbIraT.
Komdoptryn abaner ISO 7730 “XKeuryynyk dedpecyHyH sproHomukacel — PMV
xkaHa PPD wuHaukaropiopyH KaHa OKEPrHJIMKTYY OKbUIYYJIYK — KOMQOPT
KPUTEPUIIIEPUH 3CENTee apKbUIyy TEpPMHUKaJIbIK KOMGOPTTYH AaHAJIUTUKAJIBIK
AHBIKTAMacChl JKaHa WHTEPHPETALMICH 31 apaiblK CTaHAApTblHA bUIAWBIK
aHbIKTanrad. JKaWramkaH >Xepau e3repTyy BepTUKaIAblKk ory Oz OoroHYa HILKe
ampIlppUIrad. MbiHIa Kupe Oepuill yek apaHbiH 6opOopy 0.5M, 1.0m, 1.5M xana
2.0M KoopuHATTAphl MEHEH 4 OMWHUKTUKTE KalTalikaH.

blnnamneik BexkTopyH Oenymtypyy 3.40 — cyperre kentupuires. Taza, Oup
a3 my3aak aba KMpYy TELIMTMHEH OTYNl TOMOH Kapail 0ejlMeHYH moiiyHa Oapart.
AHJaH apbl OH KanTajra >KeTHI aHJaH KalTaT »kaHa OeJIMOHYH apTKbl KanTajlblHIa
JKaWralllKkaH YbIryy4dy Taparka oapar.

X Axis

4 Axis 45
1.1e+00

— 09
— 0.8
—07

Y Axi:
s - 06

U Magnitude

05

U Magnitude

04
—03

02
[ -
0.0e+00

3.40 - cypet. blngamapik BEKTOpYHYH Tajlaachl — alJIbIHKBI KOPYHYITY () KaHa
(0) >xoropymaH KOpYyHYIIY

Taza, my3nak aGaHbiH Oup OONYTY UBITYYy TEIINTH apKbUTyy arbill KUPET Aa
TOMOH Kapail mosro Oapar. benmmeHyH wuuHaern aba  arbIMbIHBIH
TeMIlepaTypacblHbiH OenymTypyiaymy (x=2m kecunummuae) 3.41 - cypetrte
KOPCOTYJITOH.
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302K makcuManayy temmnepaTrypachl 1.5M OMMMKTHKTEH KOTOpY Kairamikas,
5H a3 TeMIleparypailyy aiMak OeJIMeHYH alJbIHKbl KanTalblHa TypaJaH-Tyypa
’KAKBIHJIBIKTATbl MOJITO KAKbIH KalramkaH X=2M KECHJIMIINHAETH age abacChIHBIH

X Axi
Axis

3.41 — cypet. TemneparypaHblH 3.42 — cypeT. AGaHBIH KaIIo00
OONYIITYpPYY Talaackl KyparbiH OeJYIITYpPYY Tajlaackl

y=0.5M BepTukanapik adbanga 00K0IAOHTOH opTouo PMV Genymrypynyury 3.43-
cypette kepceTyireH. Kanaarranneipsuidbaran PPD 6omkongonron maitbizsl 3.44-
CYPOTTO KOPCOTYIIIOH.

05

X Axis

3.43 — cypet. PMVHbIH OenymTypyy 3.44 — cypet. PPDHbIH OenymTypyy
Tajaachl Tajaachl

Temenky canmap a0a JKalIbIHBIH ©3TOPYUIYH KepceTeT -  age,
KaHaaTTaHOaran agamaapaelH maibi3el PPD, Gomwkommonron oprodyo yH - PMV
KaHa CKBO3HSAK - DR X=2M xaHa y KoopAuMHATTapblHaH OOJIMOHYH TMOJIYHYH
TeOMETPUSIIBIK 0opOopy apkbulyy ©TkeH Oz ory OoroHYa BEPTHKAIIYY CHI3BIK
ooronua. =1,5m. data 1, data 2, data 3, maaneimarrap4 kupuin dyekrepuHuH 0.5M,
1.0m, 1.5M xana 2.0m 6opOOpyHYH OMMHUKTHKTEpUHE Tyypa KeJeT.

3.45 — cyper. - Ap kaHJal KUPYY YEKTEPUHUH OMHUMKTUKTEepH YIyH age, PPD, PMV
»aHa DR 4yek apanapsl

CypeTTeH KepYHYI TypraHjaail, abaHbIH >KalllbIH O00NYIITYPYY age abaHbIH

caratbl KUpYY4y aOaliJIbIH >KalralikaH KepuHeH Ke3 kapanasl. Kupyyay dek 0.5 m

OMIMKTUKTE KalTamkaH ydypJAa IIBIITHIH JKaHBIHJAATBl a0a JKaIIbIHBIH CaHIBIK

MaaHUCH KUPYY Y€K apackl 2.0 M OMHUKTUKTE JKalTallkaH ydypra CajlblIThIpMaIyy
JKH 3C€ KOropy.
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MpIHaH THIIKAPBI, OapAbIK 4 yaypaa, 00Kosl MeHeH 1.2 M OMHUKTUKTEH JKOTOpy
abaHbIH aIMAIIyyCy KOK SKEHIUTH aHbIKTAJITaH.

KopyrtyHay.

JluccepTanMsulblK MINTUH HETU3TW HAThIKamapbl dkaHa KOPYTYHAYJIaphbl
00JyTT TOMOHKYJIOp CaHAaJIaT:

1. 28.6:1 acnexkTUH KaThIIbl MEHEH KaBEPHAHBIH OMWUKTUIA OOFOHYA
CO3yJIraH MOJEJNJI06/16 OPTOYO bUIIAMJIBIKTEIH BEPTUKAIIBIK TY3YYUYCY >KaHa
TEeMIIEpaTypaHblH TPOMUIAEPUH BUIAHBIKTYY AKCIEPUMEHTAIABIK OepuiIreHaep
MEHEH CamblIThIPYy PoIeiiInH CcaHBIHBIH eocyycy MeHen Ra=8.6x10° mam
Ra=1.43x10° cpirbin 0.6% ra ueciinn Hayapian 6apraHbl KOPCOTYJITOH.

2. buoyantSimpleFoam crangapTThIK 4e4yydyCYHYH CYHYIITAITaH MBIKTBI
BapUAHTBHIHBIH >KapAamMbl MEHEH 5:1 aclmeKTTHH KaTblllbl MEHEH KaBEepHAHBIH
OMNUKTUTH OOIOHYa co3ysran Mojenneene x=0.25M KaBepHACHIHBIH OPTOYO
KCHJUTMHIE  TeMIlepaTypaHblH  BEPTUKANABIK  NPOPWIMH  CAJBIUITHIPYY,
BEPTUKAIJBIK BUIIAMIBIKTBIH TOPU3OHTAIIBIK NMPOPMIAEPUHUH XaHa (y=1.25m)
KABEPHACBIHBIH OPTOYO OMMMKTUTHHAE TYpOYJIEHTTHUK KHHETHKAJIBIK YHEPTUSCHI
My3[aK »aHa BICCBIK KaNTAJJApbIHBIH OpO-IApachIHAArbl 3KCHEPUMEHT MEHEH
mogengee 1.9 %, 3.5 %, 2.6 % xana 1.3 %, 2.2 %, 1.7 % re bu1alblKk 4yeKTEpe
KAHTAIOHYH MaKCUMAaJIyy KaTaJIbIKTapbIH OEPreHIUTUH KOPCOTTY.

3. OcenTeenep kepcotkoHAoM, OpeNnFOAM nmakerunuH P1 sxana fvDOM
paauasUIBbIK KBUTYYIYKTY Talllyy4dy KU MOJEJJIEPUHUH NalJalaHbUIral TYPAYY
BEPCHUSUIApPbIHBIH HMUYMHEH YOaKbITTBIH OUp HTepalusIChlHAa CaplITaIraH/bIlbl
6oronua OF10 Bepcusicel 5H 7€ YHOMIYYCY 0oyt 4bIKThI, ai aMu OF8 Bepcusice
fvDOM wmopenun mnaigananran yudypaa 1.202c Oup wurepauusacbiHa KETKEH
yOaKBITTHIH KOTOPKY MaaHUCHUH OEpeT.

4. IMapaTThIH XbUTYYyJIYK a0albIHBIH OOTYIUTYPYJIreH NapaMeTpiIepUHUH
HerusuHje JKanmbl ¢u3nka kaHa (PU3MKaHBl OKYTYYHYH YCYyJy Ka(eapachbIHbIH
UMapaThIHArbl KbUTYYJIyK KOM(OPTYHYH CaH KarblHaH 3CENTe6 bUIIaMIbIKThIH
’KaHa TeMIEpaTypaHbIH CaHJIbIK ACENTEN YbITYYCY 6TKOPYIAY.

HNPAKTUKAJIBIK CYHYUITAP

WM3unneenyH kbIABIHTBITBL  KbIprei3 PecnyOnukacbiibiH - MuHucTpiep
Kabunetnne kapamtyy ApXUTEKTypa, KypyJdyll *aHa Typak >Kai-KOMMYHAJJbIK
yap0a MaMJIEKETTUK areHTTUTUHUH UIIMEPTYYTYTYHO KUPTU3WIIH.
JuccepTauusuiblk MaTepuasaapAsiH Oup 6emyry MaTemaTuka >kaHa MaallbIMaTThIK
TexHoJorusiap  GakylnbTeTHHUH OKyy mpomeccuae OmMVYuyn 510100
Marematuka, 510200 Kommonmo ~ mMarematuka  jkaHa  WHGOpPMATHKA
AAUCTUKTEPUHUH JKOTOPKY KYPCTapbIHBIH CTYJIEHTTEPH, MAaruCTPAaHTTAphl >KaHa
acnipaHTTapbl YIYH « TeopusIblk MeXaHUKa» cabarblHaa KUPTU3UITEH.
byn wm cryneHTtrepre 3amaH0anm  MporpaMMaiblK  KOMIUIEKCTEpAM  KaHa
MaaJbpIMaTTBIK TEXHOJIOTHSUIAPABl KOJJAOHYY MEHEH WJIMM MEHEH TEXHHKaHBIH
aKTyaJlyy MacelleJIEpUH Yeuyy KOHAYMIOPYH ©310IITYpPYYTre MyYMKYHAYK OeperT.
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AHJZIaH apbl OHYKTYPYY MAKCAaTBIH/JA a3bIPKbl MATEMATUKAJIBIK MOJEIA06 NIMMUHUH
aKkTyanayy mnpoOiemanapbl 00Nyl caHAIraH TOMOHKY MIIAETTEPAH Kapaml YbIKKbIM
KEJIET:

o ThIMIKBI Yelipe MEHEH >XbUIyYJIyK ajMallyyHy 3CKe alyy MEHEH OeJIMeHYH
MOJEIIUH]IE TYpOYJEHTTYY arbIMJIapabl ICENTOo.

o benmeery KpuTyyiIyK aamallyy *bUTyyIyK KOM(QOPTTYH 3CENTOOCY

JAUCCEPTAIMAHBIH TEMACHI BOIOHYA
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Marepuansl MexayHaponHod mkoiasl —cemuHap.2018 r.c.2-13. — To xe:
[ DneKTpOHHBIM pecypcl]. - Pexum JOCTyMaA:
https://www.elibrary.ru/item.asp?id=37014674
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PE3IOME
aucceprannoHHoil padorsl Kandexosoit Maxoypat ’KaMmnTOeKOBHBI
Ha TeMy: «YucieHHOe MoAeTMpOBaHKe TYPOYJIEHTHBIX TeYeHHH ¢ y4eTOM
3¢ ¢dexTa mIaBy4ecT» Ha COUCKAHHE YUYEHOH cTeneHn KaHauaaTa Gu3suKo-
MaTeMaTH4YeCKHX HayK 1o cneuuajbHocT 01.02.05 — “Mexannka KMJIKOCTH,
rasa  mjiasmsol”’

KiroueBble  ciaoBa:  TypOyJI€HTHOCTb,  PEUUPKYISIMOHHBIE  30HBI,
HECTAllMOHAPHOCTD, IUIABYYECTh, TEIUIONEpEIada, PagualllOHHbIA MEPEHOC TEIUIa,
buoyantSimpleFoam, OpenFOAM.

Oo0bexT HCCJICAOBAHNS: IIPOCTPAHCTBEHHBIC TypOyJIeHTHbIE
HECTAllMOHAPHBIE BHYTPEHHUE TEUYEHHUS C 30HAMU PEUUPKYISILUM C YYETOM
3¢ (PeKTOB TIIaBYyYECTH U PAIUALIMOHHOTO TIEPEHOCca Terla.

IIpeamerom mMcc/ielOBaAHUS SIBISETCS YHCICHHOE HCCIECIOBAHUE BIIUSHUS
s dekTa mIaBydyecTy Ha HIPraHOMUKY TEPMATIBLHOUN CpeJibl TOMEIIEHUS .

Heap wuccienoBaHusl 3aKIIOYACTCd B YCOBEPIICHCTBOBAHMM MOJECIIH,
CIIOCOOHOM MOJEINPOBATh HEU30TEPMUYECKHUE TYpOYJIEHTHBIE TEUYEHHsI rasza cC
y4€TOM 3(PPEKTOB MIABYUECTH U PAAUALMOHHOIO MEPEHOCa TEIIa B paMKax MakeTa
OpenFOAM.

MeToabl  HMCCIeIOBAHUS U anmaparypa. 4uCJIECHHOE HWHTETPUpPO-
BAHME CTAllMOHAPHBIX W HECTAlMOHAPHBIX, OCPEAHEHHBIX 10 PeitHoNbICY
TpéxMmepHbIX ypaBHeHUl HaBre-CToKkca, OMUCHIBAIOIIUX TYpOYJIEHTHBIE TCUCHHUS C
yueToM 3¢ (ekTa miaaByuyecTd METOA0M KOHTPOJIbHBIX 00bEMOB.

Hay4Hasi HOBH3HA MOJIYYE€HHBIX Pe3yJIbTATOB PadO0ThbI.

*  VYCTaHOBIIEHBI YJIOBJIETBOPUTEIBHBIE COTJIACHSl PACUETHBIX JIaHHBIX TMpoduiien
TEMIIEPATYPbl U BEPTUKAIBHOM COCTABIISIOLIEH CKOPOCTH C JKCIEPUMEHTOM IIpU
MOJEIUPOBAHUN KaBEPHBI C ACMEKTHBIM OTHOIIEHUEM 28.6:1. OnHako yBenndeHue
ancna Pamest ot Ra=8.6x10° o Ra=1.43x10° mpHBOUT K YXY/ALICHUIO TOYHOCTH
cornacus Ha 0.6%.

* JJoka3zaHO, 4YTO MOJEIMPOBAHHE KOHBEKIMH B KABEPHE C aCIEKTHBIM
oTHowIeHUWEM 5:1 cpaBHeHHME TpoPuiIeld CpeIHUX XapaKTEPUCTHUK TEUYECHHUS C
AKCIIEPUMEHTOM OKOJIO XOJIOAHOW M TOpsiYei CTEHKaX AaeT MaKCHUMAaJIbHbIE OIIMOKH
oTKJIOHeHus B mpexenax 1.9 %, 3.5 %, 26 % u 1.3 %, 22 %, 1.7 %
COOTBETCTBEHHO.

* Bmnepsble MpoBeeH YUCIECHHBIM pacueT TEIUIOBOTO KoMdopTa B MOMEIICHUU
kadenpel O6mei ¢puzuku u MIID. Ob6Hapy)eHO, YTO YMEHBIIIEHUE BEPTHUKAIHLHOM
KOOpDAMHATHI BXOAHOW TpaHulbl A0 Z=0.5M NPUBOJUT K YBEJIMYECHHIO BO3pacTa
BO31yXa B ToUke (x =2, y =1.5, z =1m) Gosiee yem B Ba pasa.

CreneHb HCHOJIB30BAHMSA MJIM PEKOMEHJAIMM MO  HMCIOJb30BAHUIO.
Pe3ynbTaThl MccneaoBaHUs MOTYT ObITh HMCHOJB30BAaHblI JJIsi MPOTHO3UPOBAHUS
HarpeBa v OXJIAKJICHUS IOMENIEHUS 34 CUET €CTECTBEHHON KOHBEKIINH.

Obsacte npuUMeHeHMS. PesynbTarel uccnenoBaHusi ObUIM  BKJIIOYEHBI B
aesTenbHOCTh OIICKOro 00JIaCTHOTO CTPOUTENbHO-TEXHUYECKOTO YIPABJICHUS 10
opraHu3zanuu padoT MO OpraHu3ali OTOIUICHHS M 00ecCledyeHHsl YCIOBHi
KoM(opTa B KIINX TOMEIICHUSIX.
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Kan6exoBa Maxoypat KammuroexkoBna 01.02.05. - cylOKTYKTYH, ra3ablH
’KaHA MJIa3MaHbIH MEXaHMKAChI AAUCTUTH 00I0HYA (PU3HKA-MATEMAaTHKA
WIMMACPUHUH KAaHAUAATHI OKYMYIITYYJYK AapaskacbiHa 33 00J1yy Y4YH

«TypOyeHTTHK arbIMIapAbI KAJTKbBIMA KyOyJIyLIYH 3CKe aJIyy MEHeH CAHJAbIK
MOJeJICIITUPYY» aTTYy TeMaJarbl JAUCCEPTANUAIBIK UITUHUH
PE3IOMECH
AYKBIY €0310p: TYpOYJIEHTTYYIYK, PEHUPKYISIHMUIBIK 30HANap, CTAllMOHAPIBIK
AMeEC, KAJIKbIMAIYYJIyK, JKbUIYYJIYK OTKOPYMAYYIYK, PaIHALMSUIBIK SKbUIYYIYK
OTKOPYMIYYIYK, buoyantSimpleFoam, OpenFOAM.
N3unneeHyH 00BEKTHCH  KAJIKBIMATYYIYyK 3(PQPEeKTTepuH *KaHa paguaiusiiibiK
KBUTYYJTYK OTKOPYMAYYJIYKTY 3CKE allyy MEHEH PEeLUPKYJSLHUSHBIH aliMaKTapbl
MEHEH MEUKUHANKTErH TYpOYIEHTTYY CTAllMOHAPABIK IMEC UUKHU arbIMIap.
N3unneenyH mnpeameru O6JIMOHYH >KbUIYYIYK YOUPOCYHYH SPrOHOMHUKACHIHA
KaJIKbIMaTYyJIyK 3((HEeKTUHUH TaaCUPUH CaHJIbIK U3WIIJ06 OONYyI caHaar.
M3uinpeenyn makcarbl - OpenFOAM mNakeTWHHH alKarblHIA KaJKbIMATyYJIyK
KaHa PATUALUIIBIK KbUTYYIYK OTKOPYMAYYJIYKTYH TAaCUPUH 3CKE alyy MEHEH
M30TEPMUKAIIBIK 3MeC TypOyJIEeHTTYYy Ta3 arbIMIapblH MOJENIee4y MOJAEIAH
OPKYHIOTYY.
M3nianee bIkMagapsl kKaHa sKa0AyyJap: CTalMOHAPIBIK KaHA CTAlMOHAPIBIK
smec, PeiiHonpAac OOwHYAa  OpPTOYONIOHIOH Y4  emuemayy Hasbe-Crokc
TEHJEMEIEPUHUH CaHJbIK UHTErPajIoocy, TypOyJEeHTTYY arbiMIapAbl MyHO316reH
KaJKbIMATyyIyK 3((EKTHH 3CKe alyy MEHEH OallKkapyy KeJleMaep bIKMachl.
NimTuH aJbIHIaH HATHIAKAJIAPbIHBIH WIMMHMH KaHbLIBITBL.
e Temneparypaiblk NOPOPWIIEPAUH  ACENTEITeH  MaajbIMATTapbl  MEHEH
BUIIAMIBIKTBIH BEPTHUKAJIABIK KOMIOHEHTHHUH opTocyHna 28.6:1 acmekTuH
KATBIIIbI, KaBEPHAaHbl MOJEI06 OHKCICPUMEHTH MEHEH KaHaaTTaHAbIPAPIbIK
MaKyJanyy Ty3yaay. bupok, Paneiinun camsmbin Ra=8.6%10° ten Ra=1.43x10°
ra 4eiiuH eCcyycy Tyypa TakThIrbIHbIH (.6% HayapiialiblHa ajbll KeJeT.
e KaBepHanarel KOHBEKLUSHBI 5:1 aCEKTTUH KaThIIIBI MEHEH MOJENIO0, My3JaK
aHa BICBIK AyOanJapAblH *AHBIHAATB SKCHEPUMEHT MEHEH OpTOYO AarbIM/bIH
MYHO3IeMeJepYHYH npoduiuaepun cansiuthipsi, 1.9%, 3.5%, 2.6% xana 1.3%,
2.2%, 1.7% yernHme MakKCUMaJIIyy YE€TTOO KaTaJlapblH Oepepr KOPCOTYJITOH.
e bupunum xony xannel pusuka xaHa POV kadeapacblHBIH UMapaTTapbIHa
KBUTYYJIYK KOM(OPTYHYH caHAbIK 3cebu Kypry3yiay. Kupyydy dexkTun
BEPTUKAJIBIK KOOPAMHATACKIHBIH z=0.5Mre ueiina ToMoHmemy (x=2, y=1.5, z=1m)
YEKUTTETH a0aHbIH JKAIIBIHBIH SKHU 3CEJEH alllblK >KOTOpYJallblHAa ajblll KeJepu
AHBIKTAJITaH.
Koanponyy pmapaxkacel 3Ke KOJAOHYY OowH4a cyHymrap. M3uineeHyH
HaThIDKaaphl TAOWTHIN KOHBEKIUSIAH yjiaM OOJIMOHY KbUIBITYY KaHa MY3/JaTyy
POLIECCUH OOJIKOJIIO0 YUYH KOJJIOHYJYILY MYMKYH.
Kounonyy yoiipecy. M3unpeeHyH  HaTeliKaIappl  Typak  >Kauiapbl
KBUTBITYYHY >XaHa KOM(OPTTYK NIapTTapAbl KaMCbhl3 KbUTyy OOIOHYA HINTEPAH
ylomTypyy OotoHya Om 0O0MyCTyK KypyJdyII-TEXHUKAJIBIK OanikapMaibIrbIHbIH
UIIMEPTYYJTYTYHO KUPTU3HITEH.
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SUMMARY
dissertation work of Kalbekova Makhburat Zhamshitbekovna
on the topic: ""Numerical modeling of turbulent flows taking into account the
effect of buoyancy™" for the degree of candidate of physical and mathematical
sciences in the specialty 01.02.05 - ""Mechanics of fluid, gas and plasma™

Keywords: turbulence, recirculation zones, unsteadiness, buoyancy, heat transfer,
radiative heat transfer, buoyantSimpleFoam, OpenFOAM.

Object of research: spatial turbulent unsteady internal flows with recirculation
zones taking into account the effects of buoyancy and radiative heat transfer.

The subject of the study is a numerical study of the effect of the buoyancy effect
on the erganomics of the thermal environment of the room.

The purpose of the dissertation is to improve the model capable of simulating
non-isothermal turbulent gas flows, taking into account the effects of buoyancy and
radiative heat transfer within the framework of the OpenFOAM package.

Research methods and equipment. Numerical integration of stationary and non-
stationary, Reynolds-averaged 3D Navier-Stokes equations describing turbulent
flows taking into account the buoyancy effect by the control volume method.
Scientific novelty of the obtained results of the work.

« Satisfactory agreement between the calculated data of temperature profiles and the
vertical component of velocity with the experiment in modeling a cavity with an
aspect ratio of 28.6:1 has been established. However, an increase in the Rayleigh
number from Ra=8.6x10° to Ra=1.43x10° leads to a deterioration in the accuracy of
fit by 0.6%.

« It is shown that the simulation of convection in the cavity with an aspect ratio of
5:1, comparing the profiles of the average flow characteristics with the experiment
near the cold and hot walls, gives the maximum deviation errors within 1.9%, 3.5%,
2.6% and 1.3%, 2.2%, 1.7% respectively.

* For the first time, a numerical calculation of thermal comfort in the premises of the
Department of General Physics and MPF was carried out. It was found that a
decrease in the vertical coordinate of the inlet boundary to z=0.5m leads to an
increase in the air age at the point (x=2, y=1.5, z=1m) by more than two times.
Degree of use or recommendations for use. The results of the study can be used to
predict the heating and cooling of the room due to natural convection.

Scope of application. The results of the study were included in the activities of the
Osh Regional Construction and Technical Department for the organization of work
on the organization of heating and providing comfort conditions in residential
premises.
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