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Ilenv  pabomwi. Teopetnueckoe wucciaenaoBaHue  IPPEKTUBHOCTH
IUIEHOYHOTO OXJaXJEHUSA IMpU MOJAa4Ye OXJIAJUTENs B TPAHIUCIO W OIHUH DA
nosycepuyeckux yriayoneHuid. VMccnenoBanue BBIMOIHEHO C UCIIOIB30BAHUEM
koMMepueckoro nakera ANSYS CFX 14.

Pe3ynomamel. Buenpenue Oonee MHTCHCHBHBIX CHCTEM IIJICHOYHOTO
OXJIQXK/ICHHSI TO3BOJIIET MOBBICUTH TEMIIEpATypy Ta3a Ha BXOJAE B TypOHHY W,
Kak cuenactBue — mnoBbicuTh KIIJ[ ra3oBoil TypOWMHBI M CHU3UTH YJIEIbHBIM
pacxo]l TorBa. Pe3ynbTaThl SKCIEPUMEHTAIBLHOTO UCCIEA0BAHMS TIJIEHOUYHOTO
OXJIQXK/ICHHS Ha TUIOCKOM IJIACTUHE C MOoJauel OXJIAJUTENs Yepe3 OTBEpCTUs B
TpaHmee W mnoxychepudeckux yriayonenusx (t/d =3,0) mokaszamm, uro npu
IPOYUX PABHBIX YCIOBUAX J(P(PEKTUBHOCTH OSTUX CXEM CYIIECTBEHHO
npeBbIaeT 3(PEKTUBHOCTD TPAAUIIMOHHON CXEMbl OXJIAXKICHHUS.

s CFD monenupoBaHUs CIOKHOW TPEXMEPHOM CTPYKTYpPbI MOTOKA U
3aKOHOMEPHOCTEH TemiooOMeHa ObUT HCIOJb30BaH KOMMEPUYECKUN MaKeT
ANSYS CFX 14. ViccnenoBaHnue BBITIOJIHEHO JJISI UIEHTUYHBIX TEOMETPUICCKUX
KOMITBIOTEPHON MOJEJIEH CHCTEMBI IIJIEHOYHOTO OXJIAXIACHMS, OTINYArOLIUXCS
TOJIBKO KOHpuryparueit orBepctuii. KommbioTepHass Monenb MpeacTaBiseT
co00Ol OCHOBHOW KaHajl, B KOTOPBIA OXJIA[UTENh IMOJAETCS B OTBEPCTHUS W3
mwieHyMma.  Mcnonb30Bajioch  HECTPYKTYpUpPOBaHHAs ~ KOMOWHUPOBAHHAS
pacyeTHasi CeTKa, y MOBEPXHOCTH IIACTUHBI, OKOJIO OTBEPCTUH U BOIU3U CTEHOK
IJIEHyMa BBINOJIHEHO JIOKAJIbHOE CrYyIIEHHWE pPACUETHOM ceTKu. ['paHuuHbIe
YyCIIOBHUSI HA BXOJ€ M BBbIXOAE OBUIM 3aJaHbl OJMU3KUMH K YCJIOBHSIM
BBINIOJIHEHHBIX 3KCIEPUMEHTOB. PacyeTsl BBIOIHEHBI B IHANA30HE U3MEHEHMS
napametrpa BayBa ot 0,5 mo 2,0, mia cpaBHEHHUsI MCHOJIb30BaHbl JAHHBIC IS
TPaJAMLIMOHHOM CXE€Mbl C OJHUM pAJIOM LWIMHAPHUYECKUX HAKIOHHBIX
orBepcTuil. [loayueHHbIe pe3yapTaThl MOATBEPKAAOT PE3YyJIbTaThl, IOTYyYEHHBIE
npu BBITTOJTHEHU U bu3ndecKoro AKCIIEPUMEHTA. HccnenoBanHbie
NEPCIEKTUBHBIE KOH(PUTYpaAllud OTBEPCTHUH TMPEACTABISIIOT MPAKTUYECKHIA
MHTEPEC JIJIS1 UCIIOJIB30BaHUA B CUCTEME INIEHOYHOIO OXJaxaeHus jJonaTok ['TY
Y DJIEMEHTOB PHEPreTUYECKUX YCTaHOBOK.

Buieoowl. 1. Teopernuecku wuccienoBaHa 3((PEKTUBHOCTh TUIEHOYHOTO
OXJIKICHUS U (U3MYECKas CTPYKTypa MOTOKA 3a JABYMS NEpPCIEKTUBHBIMU
OJTHOPSIAHBIMH CXEMaMU IIJIEHOYHOTO OXJIAXKICHHS.

2. BeimonHeH aHann3 GU3MYECKOil CTPYKTYPHI TOTOKA U JAaHO OOBSICHEHHE
yBeJIn4YeHUS 3PPEKTUBHOCTH MIICHOYHOT'O OXJIAXKICHUSI.

3. TeopeTnueckue pe3yabTaThl  YIOBIETBOPUTEIHHO COBMANAIOT C
HKCIIEPUMEHTOM.
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Object. The theoretical investigation of the film cooling efficiency behind
two perspective single-row hole systems — in trench and hemispherical dimples
using commercial package ANSYS-CFX 14.

Results. The introduction of more intensive film cooling systems allows
to increase the gas temperature at the inlet to the turbine and, as a result, to
increase the efficiency of the gas turbine and reduce specific fuel consumption.
The results of an experimental investigation of the film cooling on a flat plate
with the supply of a coolant through holes in the trench and hemispherical
dimples showed that with the same blowing ratio, the efficiency of the given
schemes is significantly higher than the efficiency of the traditional scheme with
the same relative arrangement pitch of the holes t/d = 3.0.

The commercial code ANSYS-CFX 14 was used for CFD modeling the
complex three-dimensional numerical flow structure and heat transfer. The
investigation was carried out for identical geometric models of a film cooling
system differing only in the configuration of the holes. The 3-D computer model
includes main channel through which the coolant is fed from plenum through
holes. An unstructured combined computational grid was used, a local
thickening of the computational grid was performed near the plate surface near
the holes and near the walls of the plenum. The boundary conditions at the inlet
and outlet were set close to the conditions of the performed experiments. The
calculations were performed in the range of variation of the blowing ratio from
0.5 to 2.0, for comparison we used data for a conventional scheme with one row
of cylindrical inclined holes. The results obtained confirm the results obtained
during the physical experiment. The investigated promising hole configurations
are of practical interest for further use in the film cooling system of gas turbine
blades and power plant elements.

Conclusions. 1. A theoretical investigation of the film cooling efficiency
and physical structure of the flow behind the two perspective single-row hole
systems was made.

2. The analysis of the flow physical structure was performed and the
explanation of film cooling efficiency growth is given.

3. The theoretical results are in satisfactory agreement with experiment.



