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HaBeneHno pesympraTté TEOPETHIHOTO
JOCII/DKeHHST  €()eKTUBHOCTI  TUTIBKOBOTO
OXOJIOJDKCHHSI OJHOPSITHOI CXEMH 3 T0Jia-
Yer0 OXOJOKyBaua dYepe3 OTBOPH B IIO-
BEPXHEBUX 3arTUOJICHHIX TPUKYTHOI (op-
MH B yMOBaX 00€pTaHHSI.
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[IpencraBieHbl pe3yabTaThl TEOPETH-
4eckoro wuccienoBanus 3(OPEKTUBHOCTH
IJICHOYHOT'O OXJIAXKICHUs OAHOPSHOMN cXe-
MBI C TIOAa4Yel OXJTAaTuTeNs depe3 OTBep-
CTHS B TOBEPXHOCTHBIX yIIYOJCHHS TPEY-
TOJILHOH (DOPMBI B YCIIOBHSIX BpaIlICHHS.

The results are given towards
theoretical investigation of the film cooling
efficiency over a flat plate with coolant
supply into round holes arranged in the
triangular dimples and under a surface
rotation.

KurouoBi ciioBa: 1uiBKoBe OXOJIOPKEHHS, TPUKYTHI [TOBEPXHEBI 3amIMOJICHHS, TapaMeTp BAYBY, TapaMeTp oOepTaHHS,

e(heKTUBHICTH TTIBKOBOTO OXOJIOKEHHS, KOMITIOTEPHE MOJICTIOBAHHS.

d — miaMeTp OTBOPY BIYBY,

h — BUCOTa MIOBEPXHEBOTO 3arINOICHHS,
m=w,p,/ W, p—TapamMerp BIyBy,

Ro — mapametp o0xyBaHHs,

T — Temneparypa MoToKy,

{ — MIOTIEPEYHNI KPOK PO3TaIlyBaHHS OTBODIB,
W — IIBUJIKICTB TIOTOKY,

Bcmyn

B cywacHux ra3oTypOiHHHX [IBUTYHax TeMIIepaTy-
pa poOodoro Tiia Ha BUXOJI i3 KAMEPH 3TOPSHHS JI0CsTac
1500...1800 °C, 110 BUXOAUTH 3a MEXi poOOYUX TeMIiepa-
Typ KOHCTPYKLIHHHMX MarepiajiiB JIOMaTku. B nmanuii 4ac
Jonarku TypOiHHM, BUKOHAHI 3 KpallMX >KapOCTIMKHX Ma-
TepialliB, MOXYTh TPAIIOBATH 0€3 OXOJIOJKCHHS MPH TEM-
neparypi razy He Bume 1100 °C. Tomy npu BHCOKHX 3Ha-
YEeHHSX TEMIIEpaTypu ra3y Juisi 3a0e3ledeHHs Mpare3aar-
HOCTI JIONIATOK, HApsAy 3 TEIUIOI30JSIiHHIMU (KapOoCTiii-
KHMH) TIOKPUTTSMH, BUKOPHUCTOBYETHCSI TAKOK BHYTPIIIHE
(KOHBEKTHBHE) Ta 30BHINIHE (IUTIBKOBE) OXOJOMKEHHS [1].
TpaauiiiHO OXOJOKYBa4 MOJAETHCS 3 BHYTPILIHBOI IMO-
POKHUHH JIONATKW Ha OXOJOMKYBaHy IOBEPXHIO Hepes3
ITMHY a00 CUCTEMY IUCKPETHHX OTBOPIB JiaMETpOM
0,5...0,8 MM. 3a BUCOKHX TeMIlepaTyp razy BUTpara MOBiT-
pS Ha OXOJIOMKCHHS JIOTIATOK TPH KOHBEKTHBHO-TLIIBKO-
BOMY OXOJIOJI’KCHHI MOXe CTaHOBUTH 15% 1 Oisibliie Bij| BU-
TpaTH TOBITPsI Yepe3 KOMIPECOp, TOMY HPH MOAATIBIIOMY
MiIBUILEHHI TEMIIEpaTypH BHUTpaTa OXOJIOXKYBada 3pOCTac
HACTIJIBKH, 1[0 BTPATH BiJI 3MIIIIyBaHHSI OCHOBHOTO ITOTOKY 3
OXOJIO/IKYBAaUeM MOXKYTh TIEPEBHUIIUTH MMO3UTUBHUM €(EKT,
JOCSITHYTUN 32 PaxXyHOK OXOJOKCHHS. Y 3B'SI3KY 3 IIUM
BEJIMKUH TMPaKTUYHUHM 1HTEpeC Mae TONIYK albTepHATHB-
HUX CXEM IUTIBKOBOTO OXOJIOJDKEHHSI, 1[0 BOJIOMIIOTH MPH-

0. — KyT HAXUJIy OTBOPY JIO0 TIOBEPXHI OXOJIOKCHHS,
N=(T,~T )(T,—T, — eheKTUBHICTb IITIBKOBOTO OXOJIOI-
JKCHHS,

Hwuxni ingexcu:

aw — mapaMeTpH Ha aiadaTHIHINi CTiHIII,

2 — mapamMeTpu BTOPUHHOTO MIOTOKY,

1 — mapamMeTpu OCHOBHOI'O TOTOKY.

HHATHOIO 3 TOYKH 30py TEPMOJMHAMIYHOI €(pEeKTHBHOCTI
BUTPATOIO OXOJIO/DKYBa4a, BUCOKOIO TEII0(I3NIHOI0 edek-
TUBHICTIO 1 XapaKTepU3yIOThCS BITHOCHO HECKIIAQJHOIO TeX-
HOJIOT'I€0 BUTOTOBJIEHHS.

VY poborax [2, 3] Oymo mokazaHo, IO ToJada OXO-
JIO/PKyBa4ya B TPAHIICIO 3a0e3Meuye BHCOKY €(EeKTHBHICTD
1 pIBHOMIpPHICTh TUTIBKOBOTO OXOJO/pKeHHS. OmgHaK mpu
IBOMY 3’ABJISIOTHCSI BUCOKI T€PMiuHI HAIPyTHW B JIOTATII,
IO CIPHSIOTh PYHHYBAaHHIO TEIUIO3aXMCHOTO TTOKPHUTTS, B
SIKOMY BHUKOHaHI MTOBEpXHEBI 3arinOaeHHs. ToMy BeIHMKHiA
MPAKTUYHUH 1HTEpeC MPEACTaBISAIOTh CXOXi 3a KOH]Iry-
paIi€lo cxeMH IUTIBKOBOTO OXOJIO/KEHHS (TPAMOKYTHI,
TpukyTHi). B po6oTi [4] Oyna HaBeneHa MOpIBHSIBHA Xa-
PaKTEepHUCTHKA TUTIBKOBOTO OXOJIO/HKEHHS IIPY BUKOPHCTaHHI
JIBOX albTEPHATUBHUX CXEM: 3 BHJIYBOM OXOJOKyBada
B TpPaHMICIO 1 TPUKYTHI 3ammuOiieHHS (3amareHToBaHA B
ITT® HAHY [5]) Ta TpaaumiiiHOl cXeMH, 3 OAHUM PSIIOM
nmoxunux oTBopiB. Lli po3paxyHku Oynu MpoOBEAEHi B CTa-
[IOHAPHIN TOCTAHOBIN 3a7a4i. AHamI3 pe3yasTrariB pobo-
1 [4] mokazaB, mo cepenHs aniabaTtHa eQEKTHUBHICTDH
TUTIBKOBOTO OXOJIOJKEHHSI TP BHUKOPHUCTAHHI TPUKYTHUX
KparepiB ais mapameTpiB BAyBYy m = 1,0 1 Oliblie € BUIIOI0
Ha 10...60% HIDK MpU BUKOPHCTAHHI TPATUIIIHOT CXEMH.
Ane eeKTUBHICTh TUTIBKOBOTO OXOJIOJDKEHHS B 3arajibHoO-
My BHMAJAKY 3aJ€KUTh BiJl Ty’K€ BEITUKOI KUTBKOCTI Pi3HUX
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(bakTopiB. 3 ychoro pisHOMaHITTH (hakTOpiB, B HAWMEHIIIIH
Mipi BUBYEHO BIUIUB 0OCpPTAHHS JIOTIATKH [6].

Memoro pobomu € TOCIIHKEHHS TEITO(PI3UIHUX 3aK0-
HOMIPHOCTEH 1 BU3HAYEHHS 3aJICKHOCTEH, SKi XapaKTepHu-
3yI0Th (PI3UYHY CTPYKTYypy Ta €(pEeKTHBHICTH ILTIBKOBOTO
OXOJIOJDKEHHS TIPH TTOfadi OXOJIOPKyBada 4epe3 ONUH Pl
TPUKYTHUX 3armnOneHs (puc.l) B ymoBax oOepTaHHS OXO-
JIOJPKYBaHOI TTIOBEPXHI.

Hocnimxenus (ismaHOi MOAENi CHCTEMH ILTIBKOBOTO
OXOJIOJDKEHHS TIOCKOT TIOBEPXHI 3 BHUIYBOM OXOJOIKY-
Bada 4epe3 OIWH PsiJi MOXIINX OTBOPIB B TPUKYTHI Kpare-
pu (puc.2) 6yno BukoHaHo B cepenoBuili ANSYS Design
Manager. ['eomerpuuni mapamerpu Oynu TPHHHATI Ha-
CTYITHUMH: JiaMeTp TOAA0YMX IIMIIHIPUYIHUX OTBOPIB
d = 0,8 MM; BimHOCHHH KpOK f = 3d , BiIHOCHA TIHOMHA
kparepis i = 0,5d, uicno oteopiB y pani N = 4, KyT Ha-
xmry o = 30°. BigHOCHI JOBXMHH OCHOBHOI TUISHKH Ta
TUISTHKA TITPOAMHAMIYHOI cTabii3amii OCHOBHOTO KaHAITY
PO3paxyHKOBOI MOZIET CKiIaaand, BianosinHo, 40d Ta 10d.
st 3a0e3medeHHsT MOYKJIMBOCTI BHKOHAHHS PO3PaxyHKIB
3 ypaxyBaHHSM OOEpTaHHA MOJAENb Micis ii moOymoBU B
0a3oBiif cucreMi koopanHaT Y 0X Oyrra mepemimieHa B3/I0BXK
6a3oBoi oci OX Ha BiACTaHb, IO BiANOBiNAE paaiycy ode-
pranrss » =400 MM 3a gonomororo ¢yHkmii Body Operation.
Jug 1poro HEoOXigHO MOMEPENHbO CTBOPUTH JOIATKO-
By TUIOIIMHY TapamienbHy 0a3oBiil mmommai Z0Y (puc.2).
leomeTpruni po3mipu po3paxyHKOBOi Mojeni oOpaHi
ONMM3BPKUMHU 10 PO3MIpiB XapaKTepHUM IS peaTbHUX CH-
CTEM IUTIBKOBOTO OXOJIO/DKCHHS JIOMATOK BHCOKOTEMIEpa-
TypHHUX Ta30BHUX TypOiH.

Jns Buxonanns CFD — monemroBanHs Oyna BHKOpH-
CTaHa HECTPYKTypOBaHa KOMOIHOBaHa PO3paxyHKOBA CiTKa,
nmoOymoBaHa 3a JIOTIOMOTO!0 CiTKOBOTO TeHepaTtopa ANSY'S

Mesh. Po3paxyHkoBa ciTKa € KOMOIHAIi€I0 TeTpaemaHuX
€JIEMEHTIB B 00JIacTi OCHOBHOTO TOTOKY, 3 TPU3MaTHIHU-
MH €JIEeMEHTaMH B O0JACTAX 3TyLIyBaHHS PO3PaxyHKOBOI
CITKM OIS TBEpAMX CTIHOK, IO OOMEXYIOTh KaHAJH
po3paxyHkoBoi mozeni. [Ipu moOymoBi po3paxyHKOBOI CITKH
OyJI0 BHKOpPHCTaHI JIOKaJIbHI 3TYIIyBaHHA KOMIPOK Y BY3b-
KHX TPOMDKKAaX, IO JO3BOJMJIO TPH JOCHTH HEBEJHKIH
KIJIKOCTI €JI€MEHTIB B 00J1acTi OCHOBHOI'O OCHOBOIO IIO-
TOKY OTPUMATH JIETAIbHY CITKy B KaHayax repdoparii i B
oOmacTsax MOOMU3y TBEPAMX CTIHOK. 3 METOI 3MEHIICHHS
KUTBKOCTI KOMIPOK PO3PaxyHKOBOI CITKH 3TYIIEHHS KOMIpPOK
Ha BEpXHill MOBEpXHI OCHOBHOTO KaHATy HE 3a/aBajloCs.
[Tpn moOynoBi JOKATEHOTO 3TYIIEHHS PO3PAXYHKOBOI CITKH
B MPHUCTIHHIA 00nacTi ajs 3a0e3reueHHs] BUCOKOI SKOCTi
KoMipok 1ipu 11o0ynoBi citku B CFX Mesh pekomenayeThes
BUKOpUCTOBYBaTH (yHKIit0 Smooth Transition, mo m03-
BOJISI€ 3MEHIIUTH CIIOTBOPEHHS CITKOBHUX KOMIPOK ITOOIH3Y
TOCTPHX KYTiB PO3PaxyHKOBOI 007aCTi.

B pospaxynkax Oyna Buxopucrtana SST — mognenb
TypOyJIeHTHOI B’SI3KOCTI, sIKa TIOKa3ajia HaiifHI pe3yiabTaTH
B CTalioHapHHX yMmoBaX. KimpkicTh By3miB 1 TOBIIMHA
00IacTi MPUCTIHHOTO 3TYIICHHS PO3PaXyHKOBOI CITKH O0OH-
paimcst 3 yMOBH 3a0e3TeueHHsT 3HauYeHHs Tapamerpa )™ < 2
B yChOMY AOCTI/DKEHOMY Aiama3oHi. TecToBi po3paxyHKH
MTOKA3aJIH, 110 B 00JacTi 01 TBEpAOi CTIHKH 3TYIIEHHS Ma€
ckmamgat 15...20 KoMipok, 301TBIICHHS K KITBKOCTI KOMi-
pok 10 30...40 He MPU3BOTUTH A0 CYTTEBOTO 301NBIICHHS
TOYHOCTI PO3B’SI3KiB.

I'paHn4nHi yMOBHM Ha BXOIi 1 BHXOHI PO3PaxyHKOBOI
00I1acTi BIAMOBIIAIOTh 3HAUYESHHSM TIapaMeTpa BIyBY OU3b-
xkuMm 1o m = 0,5; 1,0; 1,5; 2,0. ILIBHAKICTE OCHOBHOI'O ITIOTO-
Ky ctaHoBHUTH 37 m/c, Temmeparypa — 20 °C, Temmneparypa
BTOprHHOTO TMOTOKY — 80 °C. ¥V po3paxyHkax OyB mpuii-

Puc. 1. /locnioxcenuit cnocié niniekoeozo 0xon00ceHnsa: mMPUKymHui Kpamepu.
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Axiadarai cmm (q=0)

Puc. 2. I'eomempuuna 3D-mo0ens niieKko8020 0X01004CEHHA.

HSTUH HU3BbKUH PIBEHb IHTEHCHBHOCTI TypOYJIEHTHOCTI OC-
HoBHOro 1motoky (Tu = 1,0%). TBepai Mexi po3paxyHKOBOT
oOacTi 3ajaHi sk aniabarHi crinku (¢ = 0); Ha OIYHUX TTO-
BEPXHSIX pO3paxyHKOBOI MOJIETIi 3a/laHi yMOBH CUMETPi.

B sxocTi mapamerpa, IO XapakTepu3ye BIUIUB o0e-
pTaHHs Ha €QEKTUBHICTb IUIIBKOBOIO OXOJIOAXKCHHS BU-
KOPUCTOBYBaJIOCh 4uCiio PoccOi, sike € BIHOIICHHSIM MiX
cunoro inepuii i cunoro Kopiomica Ro = wnr/30w , ne n —
gactota oOepranns (00/xB). sl BU3HAUCHHS MEX BIUIMBY
KOPiOMiCOBHX Ta BiALEHTPOBUX CHJI BU3HAYMMO KPUTHUYHE
3HaueHHA mapameTpy Ro, ToOTo mpu gkux vactoTax o0e-
pranus napametp Ro Oyne pisaum 1.0. IIpu Ro < 1.0 mepe-
B)KHHUI BIUIMB MaTUMYTb KopioJicoBi cumu, pu Ro > 1.0 —
BiguenTpoBi. Kputuune 3nauenHs napamerpy Ro nmocsra-
€TbCS IIPU YacToTi obepranHs piBHiM 883 00/xB. Tomy st

e 2
8.536e+001

715264001
T Adde+001 e

4.7682+001
4, 76304001

a) 0)

JIOCTIJIKEHHS! BIUTMBY KOPIONICOBHMX CHJI JIOCIIJKECHHS ITPO-
BOJIWUIMCH TpHU Yactorax BpameHus 10 ta 100 06/xB, mis
JIOCIIIJDKEHHST BiIIEHTpoBUX cuil — mpu yactorax 3000,
5000 u 7000 06/xB.

Pesynomamu 0ocnidicenna ma ix ananiz

BruB kopionicoBux cui. JocniiKeHHs BIUIMBY CHIIU
Kopiomica BinOyBanock npu yactotax obOepranus 10 ta
100 00/xB, TOOTO Ipu mapamerpax obepranus Ro 0.01 ta
0.11 BignosiaHo. Jlani npuBeneHi MOPiBHIHHS IPH Mapame-
Tpax BAyBy m = 1,5.

Ha puc. 3 mokasana Bizyaiizaiist JliHiil TOKY OCHOBHO-
IO MOTOKY. Y cTalioHapHUX YMOBax MpH BUIYBI B TPHUKYTHI
3arTHOICHHS] OCHOBHUH MOTIK Maif’ke He 3MILITYEThCS 3 0XO-
JIOKyBadeM. 3 pUCYHKY MOKHA 3pOOUTH BUCHOBOK, IO it
KOPi0JIICOBHX CHJI HE CIPUYMHSIE BUKPUBJICHHS JIHIA TOKY

SMma ]

9.5368+001 2

745204001 G

4 768a+001

6)

Puc. 3. JTinii moky ocnoenozo nomoxky: a—n=0; 6 —n=10; ¢ —n = 100 06/xs.
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OCHOBHOTO ITOTOKY TI0 YCiii JOBXWHI TUTACTHHH, & TOMY 1 HE
BUKJIMKA€E 3MIIITYBaHHS ITOTOKIB.

BaxxnmuBoio 0COONMBICTIO CXEMH 3 BHUKOPHUCTAHHSIM
TPUKYTHUX KpaTepiB € BUCOKA PIBHOMIPHICTH TUTIBKOBOTO
OXOIIOJUKEHHSI Y TomnepedHoMy HampsMmky. [Ipm BuayBi B
TPUKYTHI KpaTepw TUIIBKAa OXOJIOMKyBada Maike TIOBHICTIO
MTOKPUBAE TUIOCKY TOBEPXHIO. BIUTMB KOPiOTICOBOI CHITH
Ha aniabaTtHy e(EeKTUBHICTb MOJKHA OIIIHUTH Ha puC. 4, 1me
300pakeHi JIOKaJIbHI 3HAYCHHS amiadaTHoi e(peKTUBHOCTI
TUTIBKOBOTO OXOJIO/PKEHHS B TIOTIEPEYHOMY HAmpsMi IS
pI3HUX 3HA4YeHb X/d 1 PI3HUX 3HAYEHb TapaMeTpy obe-
pranHsa. Ha rpadikax He CIIOCTEpIraeThCs 3MIMIEHHS TIiKiB
e(hEeKTHBHOCTI TIIIBKOBOTO OXOJIOMKEHHS B PE3yabTaTi 00e-
PTaHHS 0XOJIOKYBAJILHOT MMOBEPXHI. 3 YOT0 MOKHA 3pO0OH-
TH BUCHOBOK, 1110 cryia Kopiosrica mMpakTHYHO HE BIUTHBAE Ha
JIOKaJIbHY amiadaTHy e¢(heKTHBHICTB.

PosrnsHeMo KimbKiCHI 3HAUEHHS BIUTMBY OOCPTAaHHS HA
amiabarHy eheKTHBHICTE. [lopiBHSIHHS OCepeaHeHO] 1o TTo-
BEPXHI (TSI KOXKHOTO 3HAYCHHS /1) afiabaTHOl ePeKTUBHOCTI
ITIBKOBOTO OXOJIO/DKCHHSI ISl PI3HUX IapaMmeTpiB oOep-
TaHHS NPEICTaBICHO Ha puc. 5. SIK BUAHO 3 PHUCYHKY,
OCOOJTUBICTh CXEMH ILTIBKOBOTO OXOJIOJUKEHHS 3 BUIYBOM
B TPHUKYTHI KpaTepH, a came: 3pOCTaHHS OCEpPEIHEHOI 10
MMOBepXHi amiadbaTtHoi e()EeKTHBHOCTI IUIIBKOBOTO OXOJIOI-
JKeHHS 31 301JbIIIEHHSM MapaMeTpa BIyBY IO 3HAYCHHS
m = 2,0, Mae MicIle TIpH YCiX JOCIIDKSHUX apaMeTpax obe-
prauasa. Kpim toro, mpu Ro < 0,1 crmocrepiraerbest 3MeH-
IIECHHSI OCEPEAHEHO]T IO MTOBEPXHi aaiadaTHol ePeKTHBHOCTI
TUTIBKOBOTO OXOJIOJDKEHHS Y TTOPIBHAHHI 31 CTaIliOHApPHUMH
yMoBaMu Jinmie Ha 2%.

Bnnus sioyenmposux cun. JIOCHIKEHHS BILTUBY
BIJIIIEHTPOBUX CHJI BifOyBallOCh MIPH YACTOTaX OOEpPTaHHS

— x/d = 3.0

3000, 5000 ta 7000 06/xB, TOOTO TpH TapaMmerpax odep-
tanus Ro = 3,39; 5,65; 7,92 BiAMOBIAHO.

Ha puc. 6 nHaBeneHa Bizyamizallis JiHIH TOKY OCHOB-
HOTo TMOTOKY. Jlisi BIIIEHTPOBHX CHX CIPHYUHSE BH-
KPHBJICHHS JIIHIM TOKY OCHOBHOrO moToky. Ilpuuomy mpu
301TBIIEHH] YacTOTH 0OepTaHHS 30UTBIIYETHCS | BUKPHUB-
JICHHS JIHIN TOKY.

Ha puc. 7 300paxeni nokajgbHI 3HAYEHHS aiadaTHOI
e(heKTUBHOCTI TUTIBKOBOTO OXOJIO/PKEHHS B TIOTIEPEYHOMY
HampsMi JIJIs Pi3HUX 3HAYeHb X/d 1 pI3HUX 3HAYEHb Iapa-
MeTpy obepranHs. Ha rpadikax crocrepiraeTbcs 3MilIeHHS
MiKiB €(PEeKTHUBHOCTI TUTIBKOBOTO OXOJIO/KEHHS B PE3yIbTaTi
o0OepTaHHs OXOJIOMKYBalbHOI ToBepxHi. s yacToTn 00e-
praras 3000 00/XB MOMITHE 3MIIIEHHS CIOCTEPIra€ThCs
mute nipu x/d > 15, mas 5000 06/xB — nipu x/d > 10, ms
7000 06/xB — ipu x/d > 3.

[lepeiinemMo /10 KiMBbKICHUX ITOKAa3HWKIB 3HAYCHHS BILIH-
By oOepraHHs Ha ajiabatHy edekTuBHiCTh. [lopiBHIHHS
OCEpeHeHOT 110 MOBEpXHI (A7l KOXHOTO 3HAYCHHS 1)
aniabaTHOi e€()EeKTUBHOCTI TUTIBKOBOTO OXOJIOJKEHHS IS
pi3HMX mapameTpiB OoOepTaHHsS NPEICTAaBICHO Ha pHC. 8.
SIK BUZIHO 3 PUCYHKY, 31 301JIBLIIEHHSIM ITapaMeTpy BAYBY 110
m = 2.0, ocepeqHeHa 1o MOBEPXHi aniadarHa ePEeKTUBHICTD
TUTIBKOBOTO OXOJIOJKEHHS 30UTBITY€ETHCS TIPU YCIX TOCIi-
JKEHUX Iapamerpax oOepTaHHs. [lis BiALEHTPOBOI CHIH
BUKJIMKA€ 3MEHILIECHHS OCEpelHEHOl aaiadaTHoi e(eKTHB-
HOCTI IUTIBKOBOTO OXOJIOMXEHHS Ha 2—7%, Npu4yoMy Haii-
OLTBIINI BIUIMB Ha €EKTHBHOCTH TUTIBKOBOTO OXOJIOKEH-
HSI CTIOCTEPIraeThes 31 301MBIIEHHIM MTapaMeTpy 00epTaHHS
1o n = 7000 00/xB.

BaxnuBuM Takox € Te, U0 IPU MAIKUX 3HAYCHHSX Ia-
paMeTpy BAYBY BEJIMUYHHA BiILEHTPOBUX CHJI, AIIOUMX SIK HA

— x/d = 0.0 ¥/d = 1.0 — x/d =150 x/d = 30.0
— xd =02 Yd=15 — wd=30 — wd=200 — wd=350
xd=03 — xd=2.0 xd=100 — xd=250 x/d = 40.0
7 7\ "\ e o 7 \ 7
0.9 \ 0.9- { | 0.9
0.8 0.8 0.8
0.7 0.7 0n7
0.6 0.6 0.6
0.5 0.5 0.5
0.4 0.4 (18]
0.3 0.3 03
0.2 0.2 0.z
0) 6)
Puc. 4. Jlokanvhi 3Hauenns epekmuenocmi niieKo8020 0X0100)4CeHHA 6 NONEPEUHOMY NepemuHi:
a-n=0;,0-n=10; 6 —n =100 oo/xs.
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1.0 1.0
—@- n =0, 0b6/xB @ n =0, 00/xB
0.8 —A- n =10, 06/x8 o8 ¥ n = 3000, 06/xs
' —=— n = 100, 06/xB : -8 n = 5000, 06/xB
—e— n = 7000, 06/xB
0.6 0.6
= =
0.4 0.4
0.2 0.2
0005 1.0 1.5 2.0 0055 1.0 1.5 2.0
m m
Puc. 5. Ocepeonena no nosepxui epekmuenicmep Puc. 8. Ocepeonena no nosepxui epekmuenicmeo
NJ1iIBKOGO20 0X0100)CEHH. NJ1i6K06020 0X0100)HCEHH.
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CTpPyMEHI OXOJIOKyBada, MOCHUTh Majia, BHACIITOK Majoi
BUTPATH TIOBITPsI Yepe3 OTBOPU TUTIBKOBOTO OXOJOJKEHHSI.
3 pocTOM mapameTpy BIYyBY POCTE CEKYHJHA Maca OXOJIOJI-
)KyBada, 110 BHJYBAEThCS Yepe3 OTBOPH IUTIBKOBOTO OXO-
JIOJKCHHS, OT)Ke, 30UTBITYETHCS 1 BETMYWHA BITIICHTPOBHUX
CHWJI, MIFOUYMX Ha CTPYMEHI, IO MPHU3BOIUTE M0 X OUIBIIOTO
BIIXWJICHHS BiJl OChOBOTO Hampsamy. [IpW BUCOKMX 3Ha-
YEHHSAX TapameTpy BIyBY (m>1.5) 301IBIIYETHCS CEKYHII-
Ha Maca OXOJIODKyBada Ha BHUXOMI 3 OTBOPIB TUIIBKOBOTO
OXOJIO/KCHHSI, aJie OJJHOYACHO ICTOTHO 3pOCTa€ BEIHMUYHHA
IHepIIIHHUX CWJI, JIIOYMX Ha eJeMEHTapHi 00'eMU OXOJI01-
)KyBada B CTPYMEHSIX, IO, KiHellb KiHIIeM, MPU3BOAUTH JI0
JIESKOTO 3MEHIIICHHS BEIMUNHU BiIXWJICHHS CTPYMEHIB Bif
OCBOBOTO HATIPSIMY.

Bucnoexu

Pesynbratn  gocmipkeHHsT (i3WYHOI CTPYKTYypH Ta
e(eKTUBHOCTI IJIIBKOBOIO OXOJIOMKEHHS MPH MOJadl OXO-
JIOMKyBaya B TPUKYTHI 3arIMONICHHS B yMOBax OOepTaHHS
MOBEPXHI MOKa3aJIu, 10 il KOPioJiCOBUX Ta BiAUEHTPOBUX
CHJI MaroTh pisHMH Xapaktep. Cuna Kopionica nmpakTuaHo
He BIUIMBAa€ Ha (Pi3MYHY CTPYKTYpY MOTOKY, OCEPEAHEH] MO
MOBEPXHI Ta JIOKaJbHI 3HaYCHHS afiabarHOi e(eKTUBHOCTI
OXOJIOKEeHHS. BiIIeHTPOBI CHIIM 3HAYHOIO MipOIO BILIMBA-
I0Th Ha (Pi3MYHY CTPYKTYpy HNOTOKY BHKJIMKAIO4u Jeop-
Marii (opMH BHXPOBHX CTPYKTYp Ta JIiHIH TOKY, CIO-
CTEpIraeThCsl 3MIlICHHS MiKiB €(PEeKTUBHOCTI OXOJOMKEeH-
HSl y TOMEPEYHOMY HAIMpPSAMKY; OCEpeJHEHa IO MOBEPXHI
ajiabaTHa e(PEeKTUBHICTH IUIIBKOBOTO OXOJIOKEHHS 3ajIH-
IIHJIach Maike He3MIHHOIO, X04a 1 CIIOCTEPIraeThCsl CYTTERE
3MIIIEHHSI MiKIB €)EKTUBHOCTI TUTIBKOBOTO OXOJIOJ[KCHHSI.
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The modern high-performance gas turbine engines
operate at the flow temperatures exceeding the melting
temperature of materials, which require the blade cooling.
However, the traditional scheme of film cooling is
characterized by appearance of secondary vortex structures
that destroy the coolant film. From the existing alternative
schemes of film cooling, which allow protecting the turbine
blades from influence of high temperatures, the scheme
with triangular dimples has demonstrated good results in
the stationary conditions. This cooling scheme was patented
and tested in the Institute of Engineering Thermophysics,
National Academy of Sciences of Ukraine. In order to
determine the feasibility of such a scheme, it is necessary to
consider the effect of the blade rotation influencing the film
cooling efficiency. The results are given towards theoretical
investigation of the film cooling efficiency of this scheme
under rotation conditions. The study was performed using
the ANSYS CFX package using SST-turbulence model.
The blowing ratio was varied from 0.5 to 2.0. Numerical
simulation performed for rotation parameters corresponding
to the dominant influence of the Coriolis force — 10, 100
rpm, and centrifugal forces — 3000, 5000 and 7000 rpm. On
the basis of computer simulation, it has been shown that
rotation does not affect weakly the average efficiency of film
cooling at Coriolis force, but causes a peak displacement of
local adiabatic efficiency, at rotation parameter of 7000 rpm,
when there is a distortion of the flow lines.

References 6, figures 8.

Key words: film cooling, triangular surface dimples, blowing
ratio, rotational parameter, film cooling effectiveness,
numerical simulation.
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