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3KOHOMWUYHbIA METO[ NOBbILWEHNUA TOYHOCTH
YNCNEHHOIO PACHETA KO3®POPULUMNEHTOB PACXOOA
CMECUTENbHbIX OTBEPCTUN XXAPOBOW TPYEbI

Hccenedosano eausanue monoaoeuu U paspeulenus pactemubxX cemox Ha MOYHOCHb YUCACHHbBIX
OUEHOK KO3 PULUUermos pacxo0a cmecumenvHsix 0meepcmull ¥caposoi mpyovi Kamep ceopaHus
2a30mypOuHHbIX dgueamenell Ha OCHOGe peuleHUs mecmogoll 3adauu 00 ucmeueHuu 6030yxa yepe3
pA0 omeepcmuil 8 MOHKOU CMeHKe KAHAAd 8 Hen0OBUMNICHYI0 cpedy NpU HAAUYUU NPoXo0saueco
nomoka. /[ yucaeHHo20 MOOeAUpOBanUs MPexmepHo20 mypoyaeHmMHO20 MeYeHUs: UCNOAb308AHbL
ocpednenHble no Pelinoavdcy cmayuonaphoie ypasuenus Haeve-Cmokca Hecocumaemou #cuoko-
cmiu, 3amvikaemole mooeavto mypoysenmuocmu llu. [lpednoxncer sKxoHOMUUHBIL MemOO Yeeauye-
HUSL MOYHOCMU YUCACHHbIX OUEHOK YKA3AHHO020 napamempa HA OCHO8e NpUMeHeHUs OA04HO-
CIMPYKMYPUPOBAHHBIX HEKOHMOPMHBIX CEMOK C UEPAPXUMECKUMU CIPYKMYPAMU.

Karoueevte caosa: scaposas mpyba, cmecumenvHole omeepcmusi, Ko3gguuyuerm pacxooa, 4uc-
JAeHHOe MOO0eauposaHue, pacuemuvie CemKu, MonoAo2Usl, U3MeAbYeHUe, AHAAU3 MOYHOCIUL.

Beenenne

BaxxHBEIM BOITPOCOM ITPOEKTUPOBAHUSI KaMep CTo-
panus I'TI (KC) gaBnsieTcs onpeaeneHue Koaude-
CTBa, pa3MepoB, (POPMBI M PACITOTIOXEHMST OTBEP-
cTrii xkapoBoit TpyosI (2KT), obecIieunBaroIIX BHYT-
DM Hee Takoe pacrpeesieHre MMOTOKOB BO3IyXa, UTOObI
ObLIM HaZeXHOE 3axuraHue, 3(HEeKTUBHOE U yC-
TOMYMBOE ropeHue, TpedyeMoe oXJIaxkIeHUEe CTEHOK
1 HEOOXOIMMOeE TIOJIE TEMTIEPATYPHI ra3a Mepe Typ-
OMHOI IIpU MPYEMJIEMbIX IMOTEPSIX MOJHOTO IaBJie-
Hus. TpaauIIMOHHO 3TOT BOIPOC MPEeaBAPUTEIbHO
pelraeTcsi OMHOMEPHBIM THAPABINIECKUM PACUeTOM
«xojjogHoit» KC 1 oKOHUYaTe/IbHO — €€ DKCIepHr-
MEHTAJIbHOM TOoBOAKOI. B HacTosiiee BpeMsi, 6J1a-
rogapsi pa3BUTHIO METOAOB BHIYUCIUTEIbHOMN a3po-
TUAPOAMHAMUKHY, TIOSIBIIACH BO3MOXHOCTD pellie-
HUS TTOJOOHBIX 3aa4 TPEXMEPHBIM MaTeMaTUdec-
kum moaenvpoBaHueM TeueHust B KC. [ToBbieHue
TOYHOCTH TaKUX PacueTOB — aKTyalbHas HaydHast
3amavya, uMerolIas 00JblIoe MPakKTUIeCKOoe 3Haye-
HHUE.

Koadduimentsr pacxona orsepcruii KT (B mep-
BYIO OUYepellb — CMECUTEJIbHBIX) OTHOCSTCS K YUCITY
KJTIOUEBBIX (haKTOPOB, BIAUSIONINX HAa pacmpesesie-
HME BO3IyXa BHYTpU Hee [1], mosaToMy BaxkHO obec-
MMeYNTh MaKCUMAJIBHYIO TOYHOCTh UX YMCJICHHBIX
olLeHoK. Hapsiny ¢ coBepliieHCTBOBaHUEM (DU3KKO-
MaTeMaTUYECKUX MOJIeel TeueHUsI U YMCIECHHBIX
METOJIOB, 3TOTO MOXKHO JIOCTUYb COTJIACOBAHMEM pa3-
MepoB, (hOPMBI U PACIIONOXKEHUS STYeEK PAaCUCTHOM
CETKM C TpairieHTaM1 He3aBUCUMBIX TIEpEMEHHBIX 1
HamnpasiaeHueMm TeueHus [2]. [Ipu orpaHUYEeHHBIX
BBIYMCIIUTEIEHBIX PECypCax BEITIOJTHEHUE TIEPBOTO
YCIIOBUS BeIeT K MPUMEHEHUIO HepaBHOMEPHEIX Ce-

TOK, KOTOPbIE CTYIIEHBI (MMEIOT OOJIbliIee pa3pelie-
HUE) TaM, TAe BO3MOXHO TOSIBJIeHNE OOJIBIIMX Ipa-
IVEHTOB HE3aBUCUMBIX ITIEPEMEHHBIX, 1, HA000POT,
paspekeHbl (MMEIOT MeHbIIlee pa3pelleHrne) B Oc-
TaJbHBIX MecTaxX. BhINojHeHHe BTOPOIo YyCJIOBMS
BO3MOXKHO JIMIIb OTYACTU M TOJIBKO Ha CTPYKTYPH-
POBaHHBIX CeTKax. B cuiy reomeTpuyeckoil ciox-
HOCTU pacyeTHOM 00J1acTh MPOCTPAHCTBA, B KOTO-
POIt OTBICKUBAETCS YMCIACHHOE pellieHUe 3a1auu O
TeyeHUH B peanbHolt KC, mpuxoauTcs BLIMOJHSATh
ee JIEKOMITO3ULINIO — pas3zielieHre Ha Tomo0JIacTu
(6;10K1), B KOTOPBIX BO3MOXHO BBIIEJIUTH XOTSI ObI
OJIHO CETOYHOE HalpaBJIeHUE, B HAUOOJbIIIEH CTe-
IIEHX COOTBETCTBYIOLIEE MPeodiamaloieMy HalpaB-
JICHHIO TeUCHNSI. DKOHOMWYHOU aJIbTepPHATUBOM 00-
MeHY JaHHBIMU MEXAY OJJOKaMM ITyTeM HaBSI3bIBa-
HUSI YCJIOBUST COBITAJICHUST CETOUHBIX Y3JIOB Ha CMEX-
HBIX TPaHMIIAX OJOKOB SIBIISICTCS WMCITOJB30BAaHUE
HEKOH(OPMHBIX (HECTBIKYIOLIMXCSI) ceToK. B Takux
CeTKax 3HAYeHUsI CETOUHOU (PYHKIIMU B y3J/1ax, TIpH-
HaIJIeXKaIlNX OXHOM CMEXXHOM rpaHulIe, OTIpeIeIs-
I0TCSI HE HEITOCPEICTBEHHO, a MHTEPITIOISALIMe 3Ha-
YeHUI CETOYHOM (PYHKILIMY B COCETHMX y3/Iax, IIPH-
HaJUIeXXalvx Ipyroil CMEXHOM rpaHulie, Onarogaps
yeMy Y3JIbl, IpUHAIJIeXKAIe pa3HbIM ITOBEPXHOC-
TSIM COMPSIKEHUSI, MOTYT He coBmanath. 1o aTomy
K€ TIPUHLIMITY BO3MOXHO JIOKaJbHO M3MEJIbYaTh
CTPYKTYPHPOBAHHYIO CETKY, BBIICIISIS B Heit nepap-
XWUYECKM BJIOKEHHBbIE HEKOH(MOPMHBIE OJIOUHBIE
CTPYKTYphl. HemoctaTtkoM Takoro moaxo/a siBiisieTcst
JIOTIOJTHUTE/IbHASI MTOIPEITHOCTh UHTEPIOJISIILIUN.
[MpuMeHeHME 6JI0YHO-CTPYKTYPUPOBAHHO He-
KOH(OPMHOM CETKH C MePaApXUUECKIMHU CTPYKTypa-
MU B COCTaBe TMOpPMAHON CETKM, BKJIOYaBILUEH
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2,75 MJIH. S4eeK, MpU MOIEIMPOBAHUM TeUEHUS B
omHoropesnouHoM cekrope KC TPAJAD GTX-35VS
Kaveri mo3soimino Cpunusaca Pao u np. [3] momy-
YKTh 0OJIce TOUHBIC YMCIICHHBIE OLICHKHY IOTEPh I0JI-
Horo nasieHust B KC, yem Ananna Pennu u np. [4],
MOJEJIMPOBABIIUX TOT K€ OOBEKT B aHAJOTMYHOM
TTOCTAaHOBKE Ha HEPETYJISIPHOM TeTPasApUUIeCcKOii CeT-
Ke, BKJIoyaBliei 8,7 MJIH. siueekK. TOYHOCTb 4YuncC-
JICHHBIX OLIEHOK PacIpeieIeH ] MACCOBOTO pacxoja
Bo3ayxa 1o oTBepcTusM KT yKa3aHHBIMM BBHIIIIE
aBTOpaMM He MccliefoBajack. B To xke BpeMs Mak-
CHUMaJIbHbIE OTHOCUTEIbHBIE PA3IUYMS MEXITY YNC-
JICHHBIMU ¥ U3MEPEHHBIMU OLIEHKAMU OTHOCUTE b~
HOTO MacCOBOTO pacxoa BO3ayXa Yepe3 OTBEPCTUS
XT, rmoaydeHHBIC pa3TMIHBIMUA aBTOPaMU TIPU MH-
TerpUPOBaHUU OCPEIHEHHBIX 10 PeitHonbacy ypas-
HeHuit HaBbe — CToKca Ha ceTKax, ComepXKalux oT
2,5 o 1,8 MJIH. siueek, HaXOMSATCS B Mpeaesax oT
15 % mo 20 % [5—7], a Ha ceTKaX, COmepXKaIlnuX
meHee 0,3 MiH. gueek, npesbiaioT 70 % [8, 9].
B cBs13u ¢ 3TUM OpencTaBisieT UHTePeC BbISICHUTD,
KaKyl0 UMEHHO TOTIOJIOTHIO PACUETHOM CETKH TIpe/i-
IMOYTUTEJIbHEE UCITOIb30BaTh, a TAKXKE TIe UMEHHO
U KaK UMEHHO CcJIelyeT U3MeTbuaTh CETKY IS TI0-
JIy4eHMsI MAaKCUMAaIbHO JTOCTMXKMMOM Ha pacriojiara-
€MbIX BBIYUCIMTEILHBIX PECypPCax TOUHOCTU YMCIICH-
HBIX OLIEHOK KO3(h(PUIIMEHTOB pacxoa CMECUTETb-
Hbix otBepcTuii KT peanbHbix KC.

Takas momnbITKa ObLIa BOEPBBIE MPEANPUHSTA
aBTopaMu padoThl [10] Ha OCHOBE pellIeHUsT TeCTO-
BOI 3a1a4M O TeYEHUHU B TPyOe ¢ nuagparMoii. Yc-
TaHOBJIEHO, YTO TIO[IEpXKaHWE pa3Mepa rpPaHUYHON
sYeiiku, 00ecrneunBalolIero 3HaueHue mapameTpa

y*=~ 30, nmosBonsier paccuutath Ko OULIMEHTHI

pacxona cMecuTenbHbIX oTBepcTuit KT ¢ oTHOCH-
TEJILHOI MTOTPEIIHOCTBIO HECKOJIBLKO ITPOLIEHTOB IIpY
YCJIOBUM JOCTATOYHOTO Pa3pellieHus] CETKOM CIIOsT
CMEIIeHUSI MEXIY CTpyeil Bo3ayxa, MPOTEKaoIIero
yepe3 OTBEPCTUE, M BUXPEBBIM TeUCHUEM, OMBIBAO-
LIMM €T0 LIMJIMHAPUYECKYIO IIOBEPXHOCTD, JIJISl YETO
MPENNTOYTUTEIHBHEE CITOIb30BaTh KyCOYHO-PaBHO-
MEepHBIC PacUeTHEBIC CETKH, U3MeJTbUeHHBIC Ha TIpH-
JITAIOIIEM K IMIMHAPUYECKOM ITOBEPXHOCTH y4acT-

K€ TOJIIUHON A = Ry(1- \/ﬂ ) , e Ry — pagmyc ot-

BepcTusA. Bennuuna p*+ mpencrabigeT coboii yc-
PEeIHEHHOE T10 IJIMHE LMIMHIPUYECKOM ITOBEPXHOC-
TH OTBEPCTUS B CTeHKE 3HAUeHHUE ITapaMeTpa

y* = yu't/v, THe y — pacCTOsIHUME OT CTEHKH 10 LIeH-

Tpa rPaHUYHOM TYEHKN; u” = T,,/p — IMHaAMUYEC-
Kas CKOPOCTb, T,, — HANPSDKEHNE TPEHUS Ha CTEHKE,
v, p — KMHeMaThyeckas BI3KOCThb U IUIOTHOCTb, CO-
OTBETCTBEHHO.

ITpu nepeTekaHuM BO3ayxa U3 KOJbLIEBOIO Ka-
Hama (KK) B KT uepe3 oTBepcTHs B €€ CTCHKE, B
OTJIMYME OT 3aJa4i O TeYEHUU B TpyOe ¢ auacpar-

MOI1, TOJILKO YacTh Bo3ayxa, Bxoasiero B KK, mpo-
TekaeT yepe3 oTBepcTus. OcTalibHas 4acTh BO3Myxa
MPOXOIUT MUMO HUX. B aToM ciydyae koadduim-
€HT pacxolia OTBEPCTUIl B OCHOBHOM OMNpeaesIsieTCs
OTHOILICHWEM CHJI JABJICHUSI K WHEPIIMOHHBIM CH-
JlaM, KOTOPOE XapaKTepU3yeTcss KpUTeprueM TMHaAMU-
yecKoro momobust Ditnepa Eu = Ap/q, toe Ap —
cratnyeckoe gapieHue B KK, n3dobTouHOe Hafg JaB-
nenueM B KT, ¢ — ckopoctHoii Hamop B KK u B
KT, u B MEHbIIEN CTETIEHU — UHBIMU (paKTOpaMu:
OTHOCUTEJILHOM TUIOLIAbIO ITOIEPEYHOTO CeUCHUS
otBepctuii f = Fy/Fgy, 1x GopMoii, B3aMMHBIM
pacIIoIOKEHUEM, HAJTUUMEM 3aKPYTKH TTOTOKA U T.1T.
[1, 11].

Llenp HacTos1IEe pabOTHI COCTOUT B YTOUHEHUU
METONMYECKNX TTPUEMOB TTOCTPOSHUST pACUETHBIX Ce-
TOK B paiioHe cmecutebHbIX oTBepcTuit 2KT Ha oc-
HOBE pellleHNs TECTOBOM 3a1a4u 00 UCTEeYCHUU BO3-
JIyxa 4epe3 psill OTBEPCTUIM B TOHKOM CTEHKE KaHaJla
B HETIOABIDKHYIO CpeIy TIPY HAJIMUHUY ITPOXOISIIIETO
MOTOKA.

1 MeToauka uccjie10BaHusa

Jns BOCTVKEHMST TTOCTABJIEHHOM LIEJTM BBIMOJI-
HEHBI YMCJIEHHBIE PacyeThl TCYEHUST B OJHOM PSIie
oTBepcTuil. B KauecTBe 00beKTa MCCAeI0BaHUS BbIO-
paH BTOpOit psag cMecuTeabHbIX oTBepcTuii KT KC

TPAA AU-222-25 ¢ ¢=1/D, = 0,09, tne D, —

JIMaMEeTpP OTBEPCTUSI; ¢ — TOJIIMHA CTeHKHU (puc. 1).

Puc. 1. OOBeKT uccieoBaHUS — BTOPOI PSizt
cmecutenbHbix otBepetuit KT KC TPAA AU-222-25

HccnenoBaHue NpoBOAMIOCH B TPEXMEPHOM Mo~
CTaHOBKE JIJIST HEC(KUMAeMOTO CTAallMOHAPHOTO Teve-
HMSI, MOAEIMPOBABLIETOCsI OCPeTHEHHbIMU 110 Peli-
HoJbacy ypaBHeHUsIMU HaBbe-CTOKCa, 3aMbIKaeMbl-
MU MOJENbIo TypOyneHTHOCTH k— ¢ IlIu u mp. [12]
CO CTaHAAPTHBIMU (PYHKLIMSIMU CTEHKMU.

PacueTHast cxema mipecTaBisiyia co00i TI0CKYIO
1IeJib, B KOTOPYIO MapaJljie/IbHO €€ CTeHKaM BCTaB-
JieHa TIocKasl TiacTuHa TOJIIIMHON ¢ , mepdopupo-
BaHHasl OJIHUM DSAIOM OTBEPCTHIA 1nameTpoM D ¢
OTHOCHTEJIbHBIM Warom z/Dy = 5,56. Kanan nan
TUIACTUHOM OTHOCUTENLHOM BBICOTOM A g/ Dy = 1,78
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umutupoBai KK. KaHan nmoa miactuHoi oTHOCH-
TENIbHOM BBICOTOM /1 7/ Dy = 11,1 mmutuposan KT.
B cuty moctynatebHON epUOANIHOCTH TEUEHUS B
HaIpaBJIeHUN OCH Z M pPaBEHCTBA HYJII0 KOMITOHEH-
TBI CKOPOCTH V, B TTIOCKOCTSIX MEPUOINYHOCTH YHC-
JIEHHOE pellieHue 3aJa41 OThICKMBAJIOCh B 00J1aCTU
TPOCTPAHCTBA, OTPAHWYCHHOM MMapayuIeIeTTUIIeIOM,
rpaHu KOTOPOro 00pa3oBaHbl CTEHKAMU 1IIEJIU, IBY-
Msl 1ocKocTsiMM YOX, 0lHA M3 KOTOPBIX IIPOXOIUT
Yepe3 LIEHTP OTBEPCTUA, Apyrasd — MOCEPEINHE MEXIY
OTBEPCTUSIMU, U ABYMs IutockocTsMu zQy, cOOT-
BETCTBYIOIIMMU BXOIY M BBIXOMIY U3 ILEJH.
PacueTHast 061acTh MOKpHIBaIaCh CETKAMU TpeX
TOIOJIOTWIA: A — TMOpUIHAs (TeKcasaphl U TeTpas-
pbl) KoHopMmHad (puc. 2, a); b — rekcasaprnyeckast
OJIOYHO-CTPYKTYpUpOBaHHast HeKOH(pOpMHast; B — rek-

casmpuyeckast GJI0YHO-CTPYKTypUpOBaHHAast HEeKOHMOP-
MHasl C UepapXuIeCKUMU CTPYKTypamu (puc. 2, 6).
CeTKu pa3nyavch pa3pelleHreM B paiiloHe OTBep-
CTHUS, pa3sMepaMu 1 JOKaIU3aLUEN U3MEILYECHHOM
ob6mactu (Ta6im. 1). Cetka N 1 cOOTBETCTBOBAJIA IO
TOITOJIOTMY Y Pa3pellieHUIO0 CeTKaM, UCIOJIb30BaH-
HBIM B pabotax [5—7]. Cetka No 2 u cetku No 4—
Ne 13 mocTpoeHbI ¢ OJIM3KMMU MOTNEPEUYHBIMU pa3-
MepaMU MPUCTEHOYHBIX STYEEK, IMIPUMBIKAIOIINUX K
WIMHAPUYIECKOU TToOBepXHOCTU OTBepcTus. CeTka
No 3 —6a3zoBast HeKOH(OpPMHasl ceTKa, OJIM3Kasl 110
mapameTpaM K cetke Ne 1. CeTku ¢ uepapxmiecKu-
MU cTpykTypamMu Ne 4—No 15 mony4yeHbl U3 CeTKHU
No 3 myTtem ee pa3aMyHOro JJOKAJbHOIO U3MeJbue-
HUSI B OKPECTHOCTH OTBEPCTHSI.
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Puc. 2. PacuetHble ceTku: a — rubpuaHasi KoHpopMHass Ne 2; 6 —OJIOYHO-CTPYKTYpUpOBaHHasi HEKOH(MOpPMHas
C MepapxXxMyecKumMu cTpyktypamu Ne 10
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B kauecTBe rpaHMYHBIX yciIoBUit Ha BxoJe B KK
3a/1aBajlach CKOPOCTh C PABHOMEPHBIM MpoduieM,
WHTEHCHUBHOCTB TypOysneHTHOCTH ( 7 = 10 %) v run-
paBiIuyecKuil nuaMeTp, Ha Bbixoge KK craBuioch
YCJIOBME TIOCTOSIHCTBA CTaTMYECKOIO AABJICHUS B
MOIMePeYHOM CEUEHUH, U30BITOYHOTO Hal JaBICHN-
eMm B XKT. Kpurepuii Ditiepa noamepkuBaics paB-
HeiM Eu = 30,54. Ha Bxone u Bbixone KT 3amaBa-
JIOCh HYJIEBOE M30BITOYHOE CTATUUECKOE TABJICHUE.
YucneHHOe MHTErpUupoBaHue AuddepeHINANTbHBIX
YpaBHEHUI B YACTHBIX ITPOM3BOIHBIX OCYIIIECTBIIS-
JIOCh UTEPAITMIOHHO METOJIOM KOHTPOJIBHOTO 00heMa
C UCIOJIb30BAaHMEM CXEMBbI aIllPOKCUMAlIUY KOHBEK-
TUBHBIX YWIEHOB TpeThero ropsinka Tounoct MUSCL
Ban JIupa [13]. YpaBHeHUe HEpa3pbIBHOCTU B ITpe-
JieJie MaJTbIX yrcel Maxa ynoBJIeTBOPSIIIOCh C TOMO-
1IbIo Mporenypsl Koppekunu gasiecaus SIMPLE
[14].

YucteHHBIE OLICHKH KO3(PHUIIMEHTa pacXxoma OT-
BEPCTUs onpeaeastiuch no gopmyse [11]:

(1

rae G — MaccoBBIif pacxol BO3IyXa yepes3 OT-
BepcTHe; [ — IIomaab NonepeyHoOro CeYeHus oT-

n, = GFg' (2pap) ™",

BEpPCTUST;, p — IUIOTHOCTh; Ap — CTaTUYECKOE JaBJie-
Hue B KK, uzdoniTtounoe Han naBaeHuem B KT.

ToYHOCTh UMCIIEHHBIX PAacyeTOB OIIEHMBAJIACH
MyTeM CpaBHEHUSI UX Pe3yJIbTATOB C 9KCIIEPUMEH-
TalbHBIMU JAHHBIMM, aITIPOKCUMUPOBAHHBIMU (POp-
myJoii [15]

w=06[i—(1+m)" |, )

tie m=\Ey ; n=2f%+234f+2,2, f— OTHOLIe-
HHE TUTOIIAAN TTOTIEPEYHOTO CEUCHUSI OTBEPCTUS K
molaau nornepeuHoro ceueHus: KK, npuxonsiieicst
Ha OTHO OTBEPCTHE.

OTHOCUTETBHAS TTOTPEITHOCTh YUCICHHOTO pac-
yeTa onpeessiach no popmyJe

By — U

8y =——-100% (3)
u

rae p, ¥ p — 3HadeHus KosdduuueHrta pacxona,

BBEIUMCIeHHBIE 10 (hopmyiaMm (1) 1 (2) COOTBETCTBEH-

HO.
2 Pe3yabTaThl HCCJIEIOBAHUS

Pe3ynbraThl pacuera ucTeyeHus Bo3ayxa yepes
P OTBEPCTUI B TOHKOM CTEHKE KaHajla B HEMO/ -
BIDKHYIO CPEIy IIPY HAJIMUUH ITPOXOISIIIETO TIOTOKA
rokasaHbl Ha puc. 3. YucneHHble oLeHKN KO3 du-
LIMEHTA Pacxoa OTBEPCTHS U UX MOTPEIIHOCTU TIPU-
BeIIeHBI B TaoOI. 1.

W3 Tabn. 1 BUAHO, UTO pacyeT Ha TMOPUIHOM
KoH(OpMHOI1 ceTke Ne 1, TTOCTpOSHHOI ¢ TTapaMeT-
paMu, OJTM3KMMMU K UCTIOJIb30BAaHHBIM B paboTax [5—
7], maeT OTHOCUTEHHYIO ITOTPEIIHOCTh 8, = 12,3 %.
B 1O Xe BpeMs pacueT Ha TreKcasapuuecKoii 0J104-
HO-CTPYKTypMPOBaHHOI HeKOH(DOPMHOI ceTke No 3,
OJIM3KOI TI0 TTapaMeTpaM K ceTke Ne 1, maeT oTHO-
CUTEJIbHYIO TTOIPEIIHOCTh 5u = 17,2 %. bonbiias
TIOTPEIITHOCTh, OYEBUIHO, O0YCIIOBJIEHA JOTIOTHUTE b~
HOM OLIMOKOI MHTEPHONSLUM MEXIY y3JIaMu He-
KOH(hOPMHOI CETKH.

TaﬁJmua 1 — YnceHHbIC OLCHKHA KOS(I)(I)I/IHHCHTOB pacxonga, MOJYYCHHBIC Ha pa3/IMYHbIX CCTKax

Certka T n Anlomﬂ A’1200m3 ny hyl.u hyl.c )7+ My H 81,13 %
Ne 1 A 43824 37254 745080 1 1,29 1,54...3 124 0,6662 0,5932 12,3
Ne 2 A 72997 95600 1912000 3 0,43 0,51...3 16 0,6231 0,5932 5,0
Ne 3 b 25197 0 0 3 0,9 3 95 0,6954 0,5932 17,2
Ne 4 B 36005 21616 432320 6 0,45 0,75 52 0,6950 0,5932 17,2
Ne 5 B 29117 7840 156800 6 0,45 0,75 58 0,6924 0,5932 16,7
Ne 6 B 25995 1596 31920 6 0,45 1,5 67 0,6848 0,5932 15,4
Ne 7 B 27171 3948 78960 6 0,45 0,75 59 0,6561 0,5932 10,6
Ne 8 B 28431 6468 129360 6 0,45 0,75 58 0,6497 0,5932 9,5
Ne 9 B 31567 12740 254800 6 0,45 0,375 64 0,6389 0,5932 7,7
Ne 10 B 36859 23324 466480 6 0,45 0,375 62 0,6384 0,5932 7,6
Ne 11 B 27031 3668 73360 6 0,45 1,5 63 0,6876 0,5932 15,9
Ne 12 B 31091 11788 235760 6 0,45 0,75 56 0,6502 0,5932 9,6
Ne 13 B 45231 40068 801360 6 0,45 0,375 60 0,6350 0,5932 7,0
Ne 14 B 113810 | 177226 3544520 12 0,225 0,1875 26 0,6153 0,5932 3,7
Ne 15 B 36313 22232 444640 3 0,9 0,375 156 0,6633 0,5932 11,8

Obosnavenus: T — mononoeus; n — obujee Koauuecmeo sueex € domene; Ay .. Ay — NPUPOCHIb KOAUHECTBA

AHeeK 6 pesyabmame U3MeNbUeHus cemKu 6 OKpecmiocmu 00noeo u 20 omeepcmuﬁ, COOmeemcmeeHHo (l’lO CpaeHeHuro ¢

cemKoti No 3); n, — K0AUMeCM60 ueeK, yA0NCeHHbIX 6006 MoausuHbl cmerku; hyy , u hyl.c — OmHeceHHble K MoAlUHe

CMeHKU nonepevrnvle pasmepovl NPUCMEHOUYHbIX AHeeK, NPUMbIKAIWUX K uwzundpuuecnoﬁ noeepxHocmu omeepcmusd U K
CMeHKe KaHanaa 6 OKpecmHocmu omeepcmus, CoomeemcmneeHHo.
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HccnenoBaHue BIMSHUS CTEIICHU U3MEIbYCHUST
CETKH! M pa3MePOB U3MEJIbYeHHO 001acTH B OKpec-
THOCTHU OTBEPCTHS Ha TOYHOCTh YMCJICHHBIX OLICHOK
Koa(dduieHTa pacxoaa BhIIOJHSIIOCH B pacyeTax
Ha TeKCadApUiIeCcKnX 0JI0YHO-CTPYKTYpPUPOBAHHBIX
HEKOH(OPMHBIX CETKaX C UepapXUUECKUMU CTPYK-
typamu Ne 6—Ne 14. M3amenbueHue ABYX CJIOEB siue-
€K, IMIPUMBIKAIOIIMX K HUIUHIPUIECKON TTOBEPXHO-
CTU OTBEPCTHsI, OMHOTO CJIOS s;UeeK B 00JIaCTH Ha
OTBEPCTHEM U OJTHOTO CJIOST STYEEK TOJ] OTBEPCTUEM
(ceTka Ne 6) yMEHBIIMIO OTHOCUTEIBHYIO TTOrpel-
HOCTb YMCJIEHHOTO pacueTa A0 5 = 15,4 %. Ilocne-

JyIollee N3MEIbYCHUE OTHOTO Ciost stueek B oGTac-
TU HaJl OTBEPCTUEM M OIHOIO CJIOS siueeK B 001acTH
moa orBepctueM ceTku Ne 6 (cetka Ne 7) mo
8, = 10,6 %. HakoHell, TpeThe U3MEJIbYCHUE OTHO-
TO CJI0SI sTYeeK B 00J1aCTU Hajl OTBEPCTUEM U OJTHOTO
CJ10s1 siueeK B 00J1aCTU MO OTBEpCTUEM ceTKU No 7
(cetka Ne 9) yMEHBIIMIIO OTHOCUTEIBHYIO TTOTPEIII-
HOCTb YMCJIEHHOTO pacyeTa 10 5 =7.7%.

HamenbvueHue, npmnunnuanbno aHaAJIOTMYHOE
BBITIOJTHEHHOMY Ha ceTke N2 7, HO OXBaThIBAIOIIIEee
JIBa CJIOS siYeeK B 00J1aCTH HaJ OTBEPCTUEM M 1Ba
CJI08 sTueeK Ioja oTBepcTueM (cetka No 8), yMeHb-
IIMJI0 OTHOCUTEJIbHYIO MOrPEIIHOCTb YMCIEHHOTO
pacueTa 10 5 = 9,5 %. [locnenyioliee n3Menbye-
HUE IBYX cnoeB siyeeK B 00J1aCTU HAJI OTBEPCTUEM U
JIBYX CJIOsI STYeeK B 00JIaCTU MOJ OTBEPCTUEM CETKU
No 8 (cetka No 10) yMEHBIIMIO OTHOCHTEIIBHYIO
TOTPEIITHOCTD YHCIEHHOTO pacieTa 10 5, = =7,6%.

H3mMenpueHust, TpUHIMIINATIBLHO aHaJIOFl/l‘{Hble
BBIITOJIHEHHBIM Ha ceTKax No 6 (cetka No 11), Ne 7
u No 8 (cetka Ne 12), Ne 9 u Ne 10 (cetka Ne 13),

HO OXBaThIBalOIIKE TPH CJIOS SIY€EK B 00JIACTU HaJ
OTBEPCTHEM U TPHU CJIOS STYEEK TTOIT OTBEPCTHEM, T
pe3yJIbTaThl, OJTM3KKUE K IPUBEICHHBIM BEIIIIC.

IMocnenyromee namenbueHue cetkn Ne 10 (cetka
No 14) B nByx cjosix siueeK B 00JIaCTU Hal OTBEp-
CTHEM U JBYX CJIOSIX sSTYEEK B 00JIACTU ITOJ OTBEP-
CTI/ICM JaJI0 HAaMMEHBIIIYIO MOTPEITHOCTh pacueTa

= 3,7 %, 0mHaKO OHO HE JOCTMXKMMO Ha CeTKax ¢
O6LLLI/IM KOJIMYECTBOM siueeK 2—3 MJIH, OOBIYHO HC-
MOJTIb3YEMBIX TIPU TPEXMEPHOM MOICTUPOBAHUHA O~
HoropeouHbIx 0tcekoB KC (Any, .. = 3 544 520).

Pacuer Ha rubpumHoli KOH(GOPMHOM ceTke N 2,
IOCTPOCHHOM C ITONEPEYHBIMU pa3MepaMHM IIPUCTE-
HOYHBIX S4€eK, IPUMBIKAIOLLUX K IWJIMHIPUYECKON
TOBEPXHOCTH OTBEPCTHUSI, OJTM3KUMU K HEKOH(POPM-
HBIM CETKaM, B KOTOPbIX U3MEJIbUCHbI JBa CJIOST STYEEK
B 3TOM 00JIaCTH, TTOKa3aJl BEICOKYIO TOUHOCTh (5

= 5,0 %), omHAaKO TaKoe U3MEJIbYCHME TaKXKe He
JOCTIDKMMO Ha CETKaX ¢ OOIIMM KOJIMUYSCTBOM STUeeK
2=3 MIH. (Anyg,,,e = 1 912 000).

HccnenoBanue BAMSHMS JOKaIU3aLMKU 00acTH
W3MEJTBYCHHS B OKPECTHOCTH OTBEPCTHSI BBITIOJTHE-
HO B pacyeTax Ha reKcaspuiyecKux 0JIOUHO-CTPYK-
TypUPOBAHHEBIX HEKOH(POPMHBIX CETKAX C UePapXH-
yeckumu ctpykTypamu Ne 4, Ne 5 u No 15. PacueTsl
MOKa3aJIM, YTO IIPU OTCYTCTBUU U3MEIbUEHMS B 00-
JTacTv Ham oTBepcTreM (ceTka Ne 4), Tak Ke KaK ’
IIpYA OTCYTCTBUM U3MEJIbUCHUSI B 00J1aCTH IO OT-
BepcTreM (ceTka No 5), MorpelrHoCcTh pacueToB Be-
JIMKa (6 17,2 % n S, = 16,7 % COOTBETCTBEHHO)
o cpaBHeHmo c M3M€J1b‘{€HHOI/l B JaHHOM 00s1acTr
cetkoii Ne 12 (8H =9,6 %). OTcyTCTBHE U3METIbYE-
HMS siYeeK, TPUMBIKAIOLINX K [IVIMHAPUYECKOM T10-
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Puc. 3. BCKTOpBI CKOPOCTH BO3ayXa, MCTCKAIOIIECTO YEPE3 OTBEPCTUC B TOHKOW CTEHKE KaHajia B HCTIOABM2KHYIO CpEIy IpU
HaJIMYU TIPOXOOALICTO ITOTOKA, paCCYUTAHHBIE Ha CETKE Ne 2 (A — TOYKa MPUCOCIAUHECHUSA IMTPOXOIAAILIETO HOTOKa)

ISSN 1727-0219

Becmuux odsueamenecmpoenus Ne 1/2011

23



OBmme BOINIPOCH OBUT'ATEJIECTPOSHMSI

BEpXHOCTH oTBepcTUs (ceTke No 15), yBenuuuBaeT
TIOTPEIIHOCTD pacyeTa 10 §, = 11,8 % (pacuet Ha
cetke Ne 10, roe Takoe u3MeIbueHNe CIenaHo, 1aeT
8, = 7,6 %).

M3 BBIMIOJTHEHHOTO aHaiM3a CIEAYeT, YTO IS
YBEJIMUEHUSI TOYHOCTY YMCICHHOrO pacyeTa Koad-
(hurmeHTa pacxoma oTBEpCTHS B TOHKOM CTEHKE TTPU
HaJIMYUU TPOXOISIIETro MOTOKa HEOOXOAMMO MO~
poOHO pa3pelllaTh paCYETHOM CETKOI CIIOM Sueek,
MPUMBIKAIOIINX K MUJINHIPUIECKON ITOBEPXHOCTH
OTBEPCTHSI, CJIOM sTYeeK B 00JIACTU HaJ OTBEPCTUEM
U CJIOU sTYeeK B 00JIACTH TOJ OTBEPCTUEM, TEM Ca-
MBIM OITUCHIBas1 00J1aCTh (OPMUPOBAHUS pagUallb-
HBIX COCTaBJISIOLIMX CKOPOCTU BO3ayxa Ipu 00Te-
KaHMM KPOMOK OTBEPCTHSI, TOBOPOTA CTPYU U CJION
CMEIIeHUSI MEXIY CTpyeil Bo3myxa, MPOTEKaOIIero
yepe3 OTBEPCTUE, M BUXPEBBIM TeUCHUEM, OMBIBAO-
LLIUM €ro LIMJIMHIPUUIECKYIO MoBepXHOCTh. [ToTped-
HBII pagnyc 00JIaCTH N3METbYCHUSI, TTO-BUINMOMY,
MOXHO OTPaHUYUTh TOYKOI TTPUCOCTUHEHUS TIPO-
xongiero notoka B KK (cm. puc. 3).

ITpu cobGnoaeH ONMUCAHHBIX BbILIE MPUHLIM-
OB MOCTPOEHUS CETOK M COOTBETCTBYIOILIMX pa3Me-
pax s'yeeK BIOJTHE BO3MOXKHO 00ECTIeUNTh BEJTUIM-
HY OTHOCHUTEJIbHOI MOTPeIIHOCTY YUCIEHHOIO pac-
yeTta Koa(dulMeHTa pacxoa CMECUTEIbHBIX OTBEP-
ctuit KT B HECKOJIBKO MPOLIEHTOB. TeM He MeHee
Ha MpaKTUKE, OYeBUIHO, HEOOXOIMM KOMITPOMUCC
MEXIY TOCTYITHEIMHA BBEIYMCIUTEILHBIMU pecypca-
MM U TIPUEMJIEMOI TOYHOCTBIO pacyeTa JaHHOTO Ia-
pameTtpa.

3akmoyeHue

BrimosiHeHHOE MccIeqoBaHNe BISIHUAS TOITOJIO-
TUU M pa3pellleHnus] paCYCTHBIX CETOK Ha TOYHOCTh
YUCJIEHHBIX OLICHOK KO3(h(MUILIMEHTOB pacxoJa cMe-
cuteabHBIX oTBepeTrii 2KT Ha OCHOBE pelleHus Te-
CTOBOI1 3aayn 00 MCTEUECHMU BO3IyXa uepe3 psif
OTBEpCTUI1 B TOHKO# CTeHKE KaHayia B HEITOABIIK-
HYIO Cpeay IpY HAIMYUH IIPOXOISIIIETO IOTOKA IT0-
3BOJIMJIO YTOYHUTH METOIMYECKUE IIPUEMBI TTOCTPO-
€HUST pacYeTHBIX CETOK, pa3paboTaHHbBIE paHee Ha
OCHOBE PEIlIEHNs TECTOBOI 33]a4U O TEUEHUU B TpyOe
¢ nracdparmMoit, v IpeIIOKUTh SKOHOMUYHBIN Me-
TOJ YBEJIMYEHMSI TOYHOCTU YMCIICHHOIO PacyeTa yKa-
3aHHOIO IMapaMeTpa IyTeM MPUMEHEHMSI OJIOYHO-
CTPYKTYPHPOBAaHHBIX HEKOH(OPMHEIX CETOK C Mepap-
XUUYECKMMM CTPYKTypamu. HampapieHus qanbHeii-
LIMX WCCIICAOBAHUI aBTOPHI BUISIT B YCTAHOBJICHUH
KOJIMYECTBEHHBIX CBS3€il MEXIY TOUHOCTBIO YMC-
JICHHBIX OILICHOK THIPABIMUCCKHX TTApaMETPOB M TOU-
HOCTBIO UHCJIEHHBIX OIICHOK OCHOBHBIX ITOKa3aTe-
Jieit kauectBa padbotsl KC.
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KocTiok B.€., Kupnnam O.., Kozen /I.B., Crenanosa T.B. EKoHomiunuii MeTo1 minBHIEH-
HS TOYHOCTI YMCJIOBOIO PO3PAXYHKY KOe(illiEHTiB BUTPATH 3MilllyBaJIbHUX OTBOPIB JKAPOBOI TPYOH

Jocaidnceno enaueé monoaoeii ma po3dineHHs pO3PAXYHKOBUX CIMOK HA MOYHICMb YUCA08UX
OUIHOK Koeiyicumie eumpamu 3Milly8aibHUX 0OME0pPIE Hcaposoi mpyou Kamep 320PsAHHS 2a30-
mypOiHHUX 08UZYHI6 HA OCHOGI pilleHHs mMecmos8oi 3ada4i npo GUMIKAHHA NO8IMps Kpizb pso
0meopie 6 MOHKIU CMIHYI KaHaAa y Hepyxome cepedosuuie 3a Has8HOCMI NPOXIOHO20 HOMOK).
s 4ucn06020 MoOeato6aHHA MpUeUMIpHOI mypbyreHmHoI meuii 3acmoco8yeanucs ocepeoHeHi 3a
Peiinonvocom cmayionapni pisnauna Hae 'e-Cmokca necmucauoi pidunu, ki 3aMukanucs mo-
deanto mypoynenmuocmi Illu. 3anpononoeano ekoHoMiuHUE MemOOd NiOBUUEHHS MOYHOCI Yl/C-
N08UX OUIHOK 3A3HAYEH020 Napamempa Ha OCHO8I 3aCMOCY8AHHS OA0UHO-CMPYKMYPOBAHUX He-
KOHQOPMHUX CIMOK 3 IEPAPXIYHUMU CIMPYKMYPAMU.

Karouogi caoea: scaposa mpyba, 3miulyeanvri omeopu, Koegiyichm eumpamu, 4ucioee mode-
JAHBAHHS, PO3DAXYHKOGI CIMKU, MON0A02IS, NOOPIOHeHHS, AHAAI3 MOYHOCHII.

Kostyuk V., Kirilash E., Kozel D., Stepanova T. Accuracy enhancement economical method
of discharge coefficients numerical computation of flame tube mixing orifices

The influence of the computational grids topology and resolution on the discharge coefficients
numerical evaluations accuracy of the gas turbine combustor flame tube mixing orifices is
ivestigated. It is based on the test problem solution of the air outflow through an orifice row in
the channel thin wall into the stationary environment in the presence of passing stream. Steady
Reynolds averaged incompressible Navier-Stokes equations, closed by Shih turbulence model,
are used for numerical simulation of three-dimensional turbulent flow. Accuracy enhancement
economical method of specified parameter numerical evaluations on basis of the use of the
block-structured nonconformal grids with hierarchical structures is suggested.

Key words: flame tube, mixing orifices, discharge coefficient, numerical simulation, computational

grids, topology, refinement, accuracy analysis.
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