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HDI/IBCHCHH pe3yabTaThl SKCIIEPUMEHTAJIBHOTO N PaCYCTHOTO UCCICAOBAHUA B HArp€ToOM 3aKpy4€HHOM ITOTOKE pac-
MpeAeICHU MOJIEU TeMIIEpaTyp U CMEUIEHUS TOTUIMBA C OKPYXKAIOIIUM BO31YXOM. YuclieHHBIMU pacy€TtaMM BBLIABJICHO
BJIMAHUWA THUIIA N XapaKTCPHOI'0 pasMepa CETOYHBIX 3JICMCHTOB.

Knaroueswie crosa: kamepa cropanust ['T/l, yucieHHoe MonenpoBaHue, 3aKpyTKa MOTOKa, KO3(MOUIIMEHT CMeIlIeHUs,

pa3Mep CeTOYHOTO JIEMEHTA, TUI PACYETHOM CETKH.

Beenenne

B OGoabiiMHCTBE KaMep CropaHusi COBPEMEHHBIX
razoTypouHHbix asurareneir (I'TH) HazeMHOTO U
aBMAllMOHHOTO Ha3HAYe€HHUS Ha BXOJE B XapoBYIO
TpyOy, KOHLIEHTPUYHO C TOTUIMBHOU (DOPCYHKOM, yC-
TaHaBJIMBAIOT JIOMATOYHBIN 3aBUXPUTENIb. 3aBUXPU-
TeJb CO3[JaeT 3aKPYTKYy BO3lIyXa U CIIOCOOCTBYET
HaWIydylieMy CMeIIeHUIO TOTUIMBA ¢ BO3ayXxoM. [1pu
3aKpyTKe MOTOKA B €ro siipe 00pasyeTcst 30Ha MOHU-
JKEHHOTO JaBJIEHUsI, B pe3yJibTaTe yero ra3bl ¢ Nepu-
(hepum motoka BO3BPAILAIOTCS B KOPEHb 3aKPyYEH-

HOW CTpyu, U oOpa3yeTcs 30Ha OOPaTHBIX TOKOB,
Onaromapsi yemMy CTaOMJIM3UPYETCsl TOPeHUe TOTLIM-
Ba IO CPBIBHBIM XapaKTepUCTUKaM. YBeINMUYeHNE yIiia
YCTAaHOBKM JIOTIATOK 3aBUXPUTEIIS TIPUBOAUT K MHTCH-
cuduKam 00pa3oBaHUs TOILUTUBO-BO3AYIITHOM CMe-
CHM W pacHIUPEHUIO TPAHUII 30HBI OOPATHBIX TOKOB,
OJTHAKO TIPW OTOM YBEIMYUBAIOTCS TUAPABINICCKUEC
ImoTepn Ha (PPOHTOBOM YCTPOMCTBE, UYTO, B CBOIO
odepenb, BHOCUT BKJIAM B YMEIIeHNE MOIITHOCTH MJIN
TSITW TBUTATEIS.
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DKcnepuMeHTaIbHOE MCCJIETOBAHNE
K03 dunmenTa cMmemeHus

KauecTBO cMelieHusI TOTIIMBA C BO3AYXOM Xapak-
TepusyeT 3(HEKTUBHOCTL pabOThl HYPOHTOBOTO YCT-
poiictBa. B [1—4] (A. Jledenp, B.A. KocrtepuH,
A. I'ynita, P.b. AxmMenoB u ap.) mpeajiaraeTcsi OLieHU -
BaTh MPOLIECC CMEIIEHMS C TOMOIIbIO KO3 dulimeHTa
CMellleHUs m, TIPECTaBSIIONIEr0 COO0M OTHOIIEHE
pacxojia >XKeKTUMPOBAaHHOTO BO3yXa K pacXxoiy 3aKpy-
YEHHOW CTpYyHU:

m=G, (1)

rae G, — pacxon 3KeKTMPOBAHHOIO Bosayxa;, Gy —
pacxoji 3aKpy4eHHOU CTpyHu.

HJ1st KCIepUMeHTaIbHOTO UCCAEA0BAHUS TIPO-
LIECCOB CMEIIEHHS ¢ TOMOIIIbIO TEXHOJIOTUU TOCJIOM -
Horo HaruiaBineHust FMD (Fused Deposition Modeling)
ObLIM CcO3AaHbl pa3IMYHble KOHCTPYKIIMU JIOMATOY-
HBIX 3aBUXpUTeJIeli, pa3inJyarmliuecs yriaMmu ycTa-
HOBKM JIONATOK 3aBUXPUTEJISI.

3aBUXPUTEIU MOMEIIATNCH Ha 3KCIIePUMEHTAb-
HYI0 ycTaHOBKY (puc. 1). McTOYHMKOM HarHeTaHUs
BO31yXa sIBJISIIaCh MUKPOTypOUHa [, TIOTOK BO3ayxa
OT KOTOPOU MPOXOANJI Uepe3 JeKTpUIeCKUil Harpe-
BaTeJbHBIN 2JIEMEHT 3 U HarpeBajicsl B 3aBUCUMOCTU
ot pexuma 10 100—120 °C. HarpeTslif MOTOK BO3-
JlyXxa MpOXOJaMJ yepe3 Kamepy 4, B KOTOpOi BbIpaB-
HUBAJUCh MOJIsSI CKOPOCTEN U TeMIlepaTypbl, U MpPoO-
XOJIUJT Yepe3 CMEHHbIE 3aBUXPUTEU B OTKPBITOE MPO-
CTPAHCTBO, B KOTOPOM HabJiiofagach OTHOCUTEIbHO
Huskas Temmnepatypa 20 °C.

B npouecce akcneprMeHTa, B OCEBOM U paauaib-
HOM HaIlpaBJeHUH, 3aMEPSUIUCH TOJISI TEMIepaTyp U
MOJIHOTO JaBjeHus moToka. JIjisi Bbluuc-

JieHus KoadduumreHTa cMelleHus m 1c-

TTOJTb30BAJTNCH pacTIpeieIeHUs TeMIIepaTyphl M Ha OC-
HOBaHWU 3TUX U3MEPEHUI pacCUnTHIBaICS KO3hhu-
LIUEHT I10 popMyJie

m= s )

rie T; s TO*, T; — COOTBETCTBEHHO 3HAUYEHUSI TeEMIIe-
paTyp Iepen 3aBUXPUTEIIEM, B CTPye U OKpYyKalolleM
BO3OYXE.

Ha puc. 2 npuBeneHsl pe3yabTaThl 9KCIIEPUMEH -
TaJbHBIX U3MEPEHUN KO3 (PUIIMEeHTa CMEIICHUS B
COIOCTABJICHUH C JAaHHBIMU IPYTUX aBTOPOB. JIJIsT cpaB-
HEHMS pe3yJIbTaTOB U3MEPEHMI M0 pa3IMIHBIM KOHCT-
PYKUMSIM 3aBUXPUTEJIEH BCE 3aBUCUMOCTHU OBbLIN IIPH-
BEJICHBI K CPETHEMY MEKJIOIIATOYHOMY PaJnyCy 3aBUX-

d+d,

3aB.cp 4

pUTEIIsI, KOTOPbIi ONpeaessicss Kak R

BunHo, 9TO MpM OTHAEeHUH OT YCThS W TP YBEIU-
YeHWHU yTJa YCTAHOBKM JIOTIATOK 3aBUXPUTEIEH ¢
K03(h(OUIIMEHT CMEIIeHUS M BO3pacTaeT, T.e. BO3pa-
CTaeT KOJMYECTBO KEKTUPOBAHHOTO K CTPYE BO3MY-
Xa. AHAJIOTMIHBIC 3aBUCUMOCTH TIOJTydeHBI IPYTUMK
aBTOpPaMM, YTO CBUACTEIBCTBYET O ITOCTOBEPHOCTHU
pe3yabTaTOB MPOBEACHHBIX U3MEPEHMIA.

Takum obOpa3zom, pe3yJbTaTbl 9KCIEPUMEHTAIb-
HOTO MCCieloOBaHUST YKa3bIBalOT Ha OOIIYI0 3aKOHO-
MEpPHOCTb, XapaKTEePHYIO JIJIsI CMEIIIeHUsI B 3aKpyJeH-
HOIt CTpye C OKPYKAIOIINM BO3IYXOM: 1) ¢ yBemde-
HHEM MHTEHCUBHOCTH KPYTKH (YBEIMYCHUEM YTJIa yC-
TaHOBKM JIOTIATOK), B TIpenesiax NCCAeAOBAaHHBIX yT-
JIOB TIOBOPOTA JIOTIATOK, BO3pacTaeT IKEeKIMOHHAas
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Puc. 1. Cxema 3aBUXpuUTEJISi ¢ aKCUAJIbHBIM JIOMTAaTOYHBIM armapaTtoM (a) U 3KCTIepUMEHTAIbLHOM ycTaHOBKHM (6): | — Ha-
rHeTaTesib Bo3ayxa; 2 — AbIMOOOpasyloliasi MalllnHa; 3 — HarpeBaTeJIbHBIN 3JIEMEHT; 4 — KaMepa CMelleHus; 5 — 3a-
BUXPUTENb TTOTOKA; 6 — TpyOKa [1uTo; 7 — TepMOYYBCTBUTEJIBHBIN 3JIeMEHT; & — HaIpaBJisIioIas co MKaJoil u3Mepe-
HUS; d — HAapYXHBbIi IMAMETP 3aBUXPUTENA; d, — IMAMETP LIEHTPAJIbHOTO TeJla 3aBUXPUTEI Ul KPETUIEHUS JIONATOK
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y,MM

*/R3aBcP.

Puc. 2. ConocraBneHue PE3YJIbTATOB 3KCICPUMCHTAJIbHOTO NUCCIACAOBaHUA C UCITOJb30BaAaHUCM 3aBI/IXpI/ITCJ'[€I71 C pa3HbI-

MU yIJlaMu YCTaHOBKM JIOMaToK @ 1o ko3hGUIMEHTY cMeleHus: m Baoab ocu (y = (). DKCIepuMeHT aBTOPOB: ~@— —

npu ¢=15,--—nopu ¢=30°, - @—mpu Q= 450; OKCIIEPUMEHTHI, ONrcaHHbIe B padore [1]: @ — ipu ¢ = 300,

A —1npu Q= 450; 9KCIIEPUMEHTHI, ONTMCaHHbIe B pabore [2]: - - - — ipu @ = 40°

CITOCOOHOCTH TTOTOKA; 2) C yOaJeHUEM OT YCThS 3a-
BUXPUTEJSI, B OCEBOM HAIIPaBJIEHUM 3aKPYYEHHOIO
IIOTOKA YBCJIMYUBACTCA HOJIA HpHCOCI[HHeHHOﬁ
(9XKEeKTUPOBAHHOM) Macchl BO3ayxa.

Busyanuzauus noroka

g KauecTBEHHOM OIEHKMW OOJIACTU BIUSHUS N
CTPYKTYPHI 3aKpPYYEHHOT'O IMOTOKA MTPOM3BOAMIIACE

BU3yaU3aIus IMTyTEM 3abIMJICHUS BO3IyXa, MOAaBa-
€MOro B 3aBUXpUTEJb (puc. 3).

AHaM3 MOJIyYeHHbIX KAPTUH MOKa3bIBAET, UTO C
YBEJIMUYEHUEM YyTJIa YCTAHOBKM JIOTIATOK 3aBUXPUTE-
JISI BU3YQUIBHO YBEJIWYWUBAETCS YTOJ PACKPBITUS 3a-
JBIMJICHHOTO TMMOTOKA W YMEHBIITAETCS IJINHA HAaYallb-
HOIi 30HBI, B KOTOPOI ellle HabItoaaeTcs mpsiMOJIu-
HeiHoe naBuxxeHue. [IpuunMHOi 3TOro CiayXXuT 30Ha

o o
Puc. 3. Busyannsauus moToka myTeM 3aIbIMIEHUST: @ — OOLIMI BUI; 6 — yroJl yCTAHOBKU Jjiormarok 30 ; ¢ — yroj ycra-

o
HOBKMH JIONATOK 45
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00paTHBIX TOKOB, pa3Mepbl KOTOPOIl ONpPEaeIsTIOTCS
TAaHTEHUMAJLHOW COCTaBJSIONIEN CKOPOCTU 3aKpy-
yeHHoro notoka. IIpu yBeJInMyeHUU 3aKPYTKU MOTO-
Ka 30Ha 0OpaTHBIX TOKOB CTAHOBUTCS OOJIbIIIE U MPU-
OJIMKaeTCs K YCThIO 3aBUXPUTEJISI, UTO BU3YaIbHO Ha
JIBIMOBBIX KapPTUHAX PACIIUPAET CTPYIO YV YCThS 3aBUX-
puTens.

YucjeHHOe HMCCIeI0BaHNE
K03 dunmenTa cmemeHus

[MoHATH Bce TOHKOCTH TIPOIIecca CMEIIeHUs MOX-
HO Ha OCHOBE YMCJIEHHOTO pacueTa. /s aToro Obuta
co3IaHa pacyeTHas 00J1acTb, UMUTHPYIOIIAS 00beM
KapoBOW TpyObl KaMepbl CrOpaHusl, B BUJIE LIUJIUH-
JIPUIECKOTO 00beMa, B TOPIle KOTOPOTO YCTaHOBIICH
3aBUXPUTEID. Ha BXOJI€ B 3aBUXPUTECIIb 3aaaBaJInuCh
TTOJTHOE JIaBJICHNE W TeMITepaTypa BO3Iyxa 1o JaHHBIM
SKCTIEPMMEHTA, a Ha BBIXOJe — aTMoc(epHOe JaBie-
HUE U TeMIlepaTypa oKpyxXalouieil cpenbl (puc. 4).
JoTOJHUTEILHO B pacueTHOM 00J1acTu ObLIM co3a-
HBI TOYECYHBIC JAaTYUKHM OJId 3aMEpa ImapaMeTpoB B
OCEBOM U paaMaIbHOM HaTlpaBJICHUM TTOTOKA, MMeE-
e KoopauHatel y = 0+ 30 mM.

Kak m3BecTHO, pacueTHasl ceTKa OKa3hIBaeT CHUJIb-
HOe BIUSHWE Ha pe3yabTaThl pacdyeTa. OHA XapakTe-
PU3YETCA. TUIIOM N KOJIMYCCTBOM 2JIEMEHTOB, XapakK-
TEPHBIM Pa3MepPOM, HAJIMYUEM TMPUCTEHOYHOIO CTry-
meHus. st pacyeTHOI 00JIacTH OBLIM IIPUMEHEHBI
CETKM TPEX OCHOBHBIX TUIIOB 3JICMEHTOB. TETPAd/-
pasibHBIE, TeKcasapajabHble U nojausapaibHbie. [To-

TodeuHsle JaTINKH
JUISL KOHTPOJIS 1[apaMeTPOB

JMBApaTbHBIE CETKU TTONYJalln ITyTeM KOHBEPTHUPO-
BaHUS TeTPadIpaTbHONU CETKU, TIPU 3TOM KOJIMIECTBO
3JIEMEHTOB YMEHBIIIAJIOCh TIPUMEPHO B IIECTh pas3, a
KOJIMYECTBO y3JI0B YBEIMINBAIIOCH TIPUMEPHO B IIAThH
pas, 4To B TEOPUHU ITO3BOJISIET TOYHEE PACCUNTHIBATH
IpangveHTBI M3MEHEHUS TTapaMeTPOB IO CPaBHEHUIO
C TeTpasApaJbHOI CETKOU 3a CUET TOTO, UTO HA OAUH
KOHEYHBIH 3JIeMEeHT TIPUXOINUTCS OOJIBIIE Y3TOBBIX TO-
yek. OgHako Takoe ImpeoOpa3oBaHUE HE MO3BOJISIET
TOYHO KOHTPOJHMPOBAThH XapaKTePHBIN pazMep dJe-
MEHTOB M MOXET OKa3bIBaTh OTPUIIATETLHOE BIVSHUEC
Ha pe3yJbTaT W3-3a YBEJIWUYCHUS XapaKTepHOTO pa3-
Mepa CEeTOYHOTO dJIeMeHTa.

s pacueTa MCIOBb30BaTaCh KOMOMHUPOBAHHAS
Mozaenb TypOyneHTHoctM DES (Detached Eddy
Simulation) B HecTallMOHAPHOM MOCTaHOBKe. Takoit
TTOJXOM OBLT IMMPUHAT Ha OCHOBAHUM TIPEABAPUTEITh-
HBIX CPaBHUTEIBHBIX PACUETOB C MCITOJB30BAHUEM
Pa3IMYHBIX MOeell TypOyJIeHTHOCTH B CTallMOHAp-
HOI M HecTallMOHapHOW mocTtaHoBKe 3aaauu. [loj-
poOHee ¢ pe3yTbTaTaMM pacueTa MOXKHO 03HAKOMUTh-
cg B pabotax [6, 7]. B paGorax Apyriux aBTOpoB Tak-
K€ OTIMCAHBI MOJOOHBIC BBIBOALI O MMPUMEHUMOCTH
monenu DES x uyncieHHoMy pacueTy ()pOHTOBBIX yC-
TpOUCTB Kamep cropaHus [5, 8—12, 15—17]. Pacuer
nposoauics B nmporpamme ANSYS Fluent 19.2 ¢ aka-
JIeMUYECKON ulieH3uen. [I1s1 yctpaHeHUsT myibcaluit
ImapaMeTpoB Bce JaHHBIE OCPETHSUTNCH IO TOYSTHBIM
JaTINKaM, YCTAaHOBIIEHHBIM B pac4eTHOM 001acTH, TI0
BpPEMEHHBIM IIIaTaM.

Puc. 4. PacuetHas reoMeTpuydeckad MoJa€ib C OTMCYCHHBIMU I'PAHNMYHBIMU YCJIOBUAMMU U IMTOKA3aHHBIMU TOYCUYHBIMU JaT-

YnKaMu OJigd 3aMepa TEMIIEPATypPbl
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9)

e)

Puc. 5. ComnocraBneHue TEMIIEPATYP B IIPOJOJIbHOM CCUYCHHUU IIpU pacy€TaX, BbBIIIOJJHECHHBIX C pa3JIMYHbIMU MOICIAMU

o
CeTKHU U yriamMu 3aKpyTKH Jyionatok 30 : @ — rekcasapaibHasi | MM; 6 — rekcasapajibHasi 2 MM; 6 — TeTpasjipajibHasi 1 MM;
2 — TeTpasnpalibHas 2 MM; 0 — TIoJIM3pasibHas | MM; e — moJudapaibHas 2 MM

PesynabraThl Mo TemriepaTypHbIM IOJISIM, B MPO-
JIOJIbHOM CEUYeHUHU MOTOKa, JIJIsI 3aBUXPUTEJIS C YTIIOM
3aKPYTKH JIOMaTokK 30°, COMOCTABUMBI C PE3YIbTaTAMU
JIIBIMOBOM BM3yaiu3aluu (CM. puc. 3) Mpu UCIOJIb30-
BaHUM CETKM C rekcadpajibHbIMU 3JIEMEHTAMU C Xa-
pakTepHbIM pazMepoM | MM (puc. 5,a). s ceTku ¢
TeTpasipaJibHbIMU 2JIEMEHTAMU XapaKTePHO MPOTHO-
3UPOBaHME XOJOAHOIN 30HBI B LIEHTPE 3aKPyYEHOTO
MOTOKa, OTCYTCTBYIOIIEH Ha KapTUHAX MPU UCTOJb-
30BaHMU APYTUX CETOYHLIX Momeneii. Hanmmuue sToit
30HbI TOBOPUT O MEPETEKAHUU XOJIOJIHOTO OKpPYKato-
1Iero BO3JyXa K LIEHTPY MOTOKAa U O BEPOSITHOCTU
HEeNpaBUJILHOTO OMmpeaeeHus: o0JacTu BIAUSIHUS
30HbI OOPATHBIX TOKOB.

PesynbTaThl TI0 TeMIlepaTypHBIM TIOJISIM, B TIPO-
TIOTLHOM CEUYeHUN TTOTOKA, JIJIS 3aBUXPUTEIIS C YTIIOM
3aKPYTKM JIONATOK 45°, HamGonee CXOXHU C pe3yib-
TaTaMu JbIMOBOI BU3yaiu3aluu (CM. puc. 3) Tpu uc-
MTOJTb30BAHUY CETKU C TeKCadIpaTbHBIMU dJIeMeHTaMU
C XapakTepHbIM pa3mepoMm 1 MM (puc. 6,a) 1 4yTh
XyKe JUIST TeTpadapalbHONM ¢ TaKUM K€ pa3MepoOM
aseMeHTOB (puc. 6,6). HyXXHO OTMETUTH, 4TO BCE
CeTOYHBIE MOJIENM ITOKa3aJlu HaJudhe XOJOTHOMU
30HBI B LIEHTPE MMOTOKA, HAUYMHAIOMIEHCS OT IEHT-
panbpHOTO Tesla 3aBUXpHUTeasa. OCHOBHBIC Pa3IAIMs
HaOII0JaIMCh B TIepudepuitHOl 00J1acTH IIOTOKA 1 Ha
yVIaJeHUM OT YCThSI 3aBUXPUTEIIS.

[MpoBeneHHBIEC SKCITIEPUMEHTATBHBIC UCCIEIOBA-
HUS CMEIIeHUS TTOTOKA 3a JIOTTAaTOYHBIM 3aBUXPUTE -

BectHuk MockoBckoro aBuaunoHHoro nHerutyra. T.27. Nel
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2)

Puc. 6. ConocraBieHue TEMIIEPATYP B IIPOJOJIBHOM CCUYCHUU IIpU pacy€TaX, BbBINMIOJHEHHBIX C pa3JIMYHbIMU MOICIAMU

e

o
CeTKHU U yIaaMu 3aKPYTKH JIONATOK 45 : @ — rekcasapaibHas | MM; 6 — rekcasapajibHasi 2 MM; 6 — TeTpasjipajibHast 1 MM;
2 — TeTpasnpalibHas 2 MM; 0 — TIoJM3pasibHas | MM; e — moJudapaibHas 2 MM

JieM ObLJIM COTOCTaBJIEHbI C YMCJIEHHBIMU pacyeTaMu
C UCIOJIb30BaHWEM Pa3IMUHbIX CETOUHBIX MOJIeJIel 1
cBeJieHbl Ha Tpacduku (puc. 7 u 8).

BriBoabl

IIpu ananu3e 3aBUCHMMOCTEN Kod3(dduimeHTa
CMEIIeHUS M OT OTHOCUTEJIbHOTO pPAacCTOSIHUS
x/RsaBlcp, MOKa3aHHBIX HA pUC. 7 U §, HAWJIYYlIHE pe-
3yJbTaThl MPU YUCIEHHOM MOJEJUPOBAHUU, B pa3-
JIMYHBIX CEYEHMSIX MOTOKA, ObLIM MOJYyUYEHBI C UC-
rnojib3oBaHueM mozeau Bsi3koctu DES B Hecrauuo-
HapHOI MOCTAaHOBKE 3a7auyM 1 TeKcasapajabHbIX Ce-
TOUYHBIX JIEMEHTOB C XapaKTEPHbIM pazMepom 1 MM.
AHaJOTUUHBIE PEe3YJIbTaThl U MOJIEJIb TeKcasipalbHON

CETKM MCIIOJb3YyIOTCsI B paborax [13, 20]. ITonusa-

panbHas ceTKa, MOoJydeHHasT ITyTeM KOHBEPTHUPOBa-
HUS W3 TeTpadIpalbHBIX 3JEMEHTOB, HE TTOKa3aja
XOPOIINX Pe3yIbTaTOB, TaK XK€ KaK W TepasapaabHast
ceTKa ¢ (PMKCHPOBAHHBIM TIPU CO3MAHUM Pa3MepoOM
BJIeMEHTAa. YBEIMUYeHNE XapaKTepHOTO pa3Mepa dJie-
MEHTOB, OTHOCUTEJIFHO ONMTUMAaILHOTO YKa3aHHOTO
3HAYEHWS, TPUBOIMIO K OONbIIEMY OTKIOHEHUIO
pacUeTHBIX JaHHBIX OT dKCTIepUMEHTANBHBIX. [Tomy-
YeHHBIE pe3yIbTaThl CIIPABEIIUBEI U 3aBUXPUTEIICH
C Pa3IMYHBIMU YIJIAMHA YCTAHOBKHU JIOTIATOK.
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12 . k . r - - : 14

x/R3aB.cp x/R3aB.cp

a) 6)

x/R3aB.cp

KonTtponbHble ceueHUs (COTIACHO cXeMe Ha puc. 4):
a) y=0 (ocb moTOKa);

6) y=5; n) y=20;
B) y=10; e) y=25;
r) y=15; x) y=30.

Puc. 7. ComocraBiieHne pe3yabTaTOB YUCICHHBIX PACUYETOB
C pe3yJIbTaTaMy 9KCIIEPUMEHTAIbLHBIX UCCIIeI0OBAHUIA 1O KO-
3(hGULMEHTY CMEILIEHNS, YIOJI IIOBOPOTA JIOMATKU 3aBUX-

purenst 30°: O — SKCIEPUMEHT aBTOPOB; UMCICHHBIC
3D-pacuértsl, moaenb DES ¢ pa3zHbIMM ceTkamu: —
rekcasapaibHasi 1 MM, —[J— — rekcasapajbHasi 2 MM,
— + — — TeTpasapanbHast | MM, - — TeTpasapaibHas 2 MM,
@— — noJuaApanbHas | MM, —&— — TTOJIUBApAbHAS 2 MM
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x/R3aB.cp

a)

x/R3aB.cp

o)

x/R3aB.cp.
0)

x/R3aB.cp.

x/R3aB.cp

e)
KonTtponbHble ceueHUs (COTIACHO cXeMe Ha puc. 4):
a) y=0 (ocb moTOKa);

6) y=5; n) y=20;
B) y=10; e) y=25;
r) y=15; x) y=30.

Puc. 8. ComocraBiieHne pe3yJabTaTOB YUCICHHBIX PACUYETOB
¢ pe3yJibTaTaM1 3KCTIepUMEHTAIBHBIX UCCIIEIOBAHMIA TTO KO-
3G GULMEHTY CMEILIeHUS, YTOJI TIOBOPOTA JIOMATKU 3aBUX-
putens 45°: O — 9KCMEPUMEHT aBTOPOB; UMCJICHHbIE
3D-pacuértsl, monenb DES ¢ pazHbIMM ceTkamu: —
rekcasapaibHas 1 MM, —[J— — rekcasapajibHasi 2 MM,
— + — — TeTpasapanbHast | MM, - — TeTpasapaibHas 2 MM,
@— — noJuaApanbHas | MM, —&— — TTOJIUBApAbHAS 2 MM
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Abstract

The balanced design of the front-mounted device
ensures combustion chamber efficiency and gas
turbine engine at large. In the majority of modern gas
turbine engines for ground and aviation purposes, a
vane swirler is being installed concentrically with the
fuel nozzle at the flame tube inlet. The swirler forms
a swirl of air, and facilitates the best mixing conditions
for air-fuel mixture. Besides, while the flow swirls in
a low-pressure zone, its core is formed, which allows
return gases from the flow periphery to the core of the
swirled jet, forming thereby a reverse flow zone, and
stabilize the fuel combustion by the stall
characteristics. Increasing the swirler blades
installation angle leads to intensification of the air-
fuel mixture mixing, and a reverse flow zone
boundaries expansion. However, hydraulic losses at the
front-end device are increasing herewith, which, in its
turn, contributes to the engine power or thrust
reduction.

The fuel-air mixture mixing quality characterizes
the efficiency of the front-end device. The majority
of works by Lefebvre A., Kosterin V.A., Gupta A.,
Akhmedov R.B., and others suggest evaluating mixing
process by the mixing coefficient, which represents the
ejected air consumption to the swirled jet consumption
ratio:

(;L
G, (1)

m=

where m is mixing coefficient; G, is the flow rate of
the ejected air; G, is the flow rate of the swirling jet.

In our work, an experimental setup was developed
to study the swirler mixing coefficient. Using the FMD
(Fused Deposition Modeling) method of printing,
various designs of the swirl with different blade swirler
installation angles were created, which were blown into
the open space. The flow visualization was realized by
smoke pollution of the air supplied to the swirler. In

e-mail: BGMingazov@kai.ru
e-mail: Armin.wrya@mail.ru

the course of the experiment, both temperature and
total pressure fields of the flow were measured in axial
and radial directions. Temperature distributions were
employed for mixing coefficient (m) computing. Bases
on these measurements the coefficient was computed
by the expression:

-1y
m= T* T* (2)

where T;V, TO* , TV* are the temperatures in front of the

swirl, in the jet and in the ambient air respectively.

A spatial computational domain, simulating the
volume of the combustion chamber flame tube, was
developed for numerical studies of the vane swirler.
It is well known that computational grid strongly
affects computation results. It is characterized by the
type and number of elements; characteristic size, and
the presence of near-wall thickening. The grids of
three basic elements types, such as tetrahedral,
hexahedral, and polyhedral, were employed. The
polyhedral grids were obtained the tetrahedral grid
converting. The number of elements herewith
decreased by six times, and the number of nodes
increased about five times, which allows compute
gradients of parameters variation more accurately
compared to tetrahedral due to the fact that one finite
element has more nodal points. However, such a
transformation does not allow precisely control the
characteristic size of the elements, and a deterioration
of the result due to the increase in the characteristic
size of the grid element can occur.

A combined DES turbulence model (Detached
Eddy Simulation) in a non-stationary setting was used
for computing. The calculation was performed in the
ANSYS Fluent 19.2 software with an academic license.

The performed experimental studies of flow mixing
behind the scapular swirler were compared with
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numerical calculations using various grid models. The
best results in numerical simulations were obtained
when using the DES viscosity model in an non-
stationary set of calculations, and hexahedral mesh
elements. The polyhedral mesh obtained by converting
from tetrahedral elements did not demonstrate good
results, as the original tetrahedral mesh had. An
increase in characteristic size of the elements led to
a greater deviation of the calculated data from the
experimental ones. The results obtained are valid for
swirlers with various blade angles.

Keyword: GTE combustion chamber, numerical

simulation, flow swirl, mixing coefficient, grid element
size, computational grid type.
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