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TEIIIOBBIE U JMHAMUWYECKUE XAPAKTEPUCTUKHU BJIMKHET O
I1OJISI TEUEHUS TPEXMEPHOM CTPYU ITPU HAJIMYNN
BO3IEVCTBUS

Ilenp naHHOW pabOTHI 3aKJIIOYAETCS B SKCIEPUMEHTAILHOM HCCIIEIOBAaHUM KOTEPEHTHOM
CTPYKTYpPHl TYpOYJEHTHOCTH B TpPEXMEpHOW cTpye. BpUIO yCTaHOBIEHO, YTO B CTPYMHBIX
TEYCHUSIX TMEePBOHAYATIHHO BO3HUKIINE BHUXPH HE MOTYT pacmajaaThCsi Ha Oojee Menkue, a
MOTIAPHO B3aMMOJACUCTBYSl APYr C APYrOM M CIUBasCh, OOpa3yloT OOJBIION KOHTIOMEpaT
BUXpEH, COXPAHSIOUIMX CBOK WHIMBUAYAIbHOCTh IPUMEPHO JI0 3aTyXaHus CTPyH IO
HAIPaBJICHUIO TEUEHUS. ODKCIEPUMEHTAJIbHO HaMU JIOKAa3aHO, YTO MaKCHUMallbHas 4YacToTa
TypOyJIEHTHBIX MYNbCAlUMA HE MPEBBIIIAET YACTOTY MEPBUYHBIX KPYMHOMACIITAOHBIX BHXpEH,
00pa30BaHHBIX HA HAYAJIbHOM Y4aCTKE CTPYHHOIO TEUECHHUS.

[Tpu u3ydeHnn TpeXMEpPHBIX CTPYH paHee ObLJIO OMPEENICHO BIUSIHUE HAYaTbHBIX YCIOBHIMA
UCTEUEHUsT M MapaMeTpoB YIPABIISIIOIIETO BO3JACHCTBUS Ha pacHpelieieHUEe CKOPOCTH U
TEMIEPaTyphl BAOIb CTPYU U B MOMEPEUYHBIX CEUCHUAX CTpyH. [ 00bsIcHEeHNs 0OHApYKEHHBIX
ocoOeHHOCTeH B (opMe ITHUX paclpeiesieHHil Heo0XoauMo OoJiee JeTaabHOE HCCIIeOBAHUE
CTPYKTYpbI OPraHU30BaHHBIX JABMKEHUHN B ONMKHEH 00JIaCTH TEUSHHS TPEXMEPHBIX CTPYH.

Jlannas paGoTa sBIsS€TCS NMPOJOJDKEHUEM MCCIEAOBAHUMN, HAIlPaBICHHBIX Ha BBISBICHHE
pOJIM OpPraHU30BAHHBIX BHUXPEBBIX JIBMXKEHHMH B Ipolleccax CMENIEHUS M TEIJIONEepeHoca B
CTPYHHBIX TECUCHHUSIX.

KiroueBble cioBa: 1uiockass cBOOOAHAS CTpYsl, KPYIMHOMACIITaOHBIE BUXPH,
TypOyJIEHTHOCTh, PacCIpeeICHUE CKOPOCTH U TEMIIEPATyphl, JaIbHOOONHOCTS.

Tyiiinai ce3mep: xa3pIK €pKiH aFblHINA, 1pl MacmTaOTHl KYWBIHIAD,
TypOYJICHTTIK, >KbUIIaM/IBIKTBIH KOHE TEMIIEPAaTypaHbIH Tapalybl, aJIbICKa YPY.
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Jlns mpoBeneHUsl OMbITa HUCIOJIb30BAIACh SKCIIEPUMEHTAJIbHAS YCTAHOBKA,
OCHAIllEHHAass TEPMOAHEMOMETPUYECKOW  ammaparypoil u -  mpudopamu,
MO3BOJIIOIIMMHA HM3MEPATh BCE OCHOBHBIC XapaKTEPUCTHKU TEUCHHUS, a TaK¥kKe
HaOmoaarh U (QororpadupoBaTh TEHEBYIO KApTUHY BUXPEBOTO JIBJKEHHS B

UCCIeayeMOol 00IacTH.



C uenpto momydyeHus Oosiee MOJNHOM HMHPOpPMAIMM O MNPOCTPAHCTBEHHOU
dbopMe BHUXPEBBIX BO3MYIICHHA B TEHEBOM MPUOOpPE NPHUMEHSIIUCH LIBETHBIC
BU3yanu3upylomme auadparmMel W auadparmbl - cOEUanIbHOM  (OpPMBI,
MO3BOJIAIONIME TOJIy4aTh OoJieeé KOHTPACTHYIO KAapTUHY HAa MallbIX MaciuTabax
BUXpEH U [ONOJIHUTEIIbHBIE CBEACHUS O HAIMpPAaBICHUM W WHTEHCHUBHOCTH
W3MEHEHHUS TEMIIEPATypbl BHYTPU BUXPEN.

B 1npouecce wu3MepeHuidl TEIUIOBBIX W JWHAMHYECKHX XapaKTEPUCTHUK
OJTHOBPEMEHHO TPOU3BOAMUIIOCH HaOMOJIeHuEe M (QoTorpapupoBaHuE KapTHUHBI
TEYEHUSI B JBYX MPOEKIMSIX C BUIAOM CO CTOPOHBI KOPOTKOH M CO CTOPOHBI
JUIMHHOW KPOMOK BBIXOJIHOTO ceueHus coruia. [IpoctpancTBeHHas ¢popma BUXpen
BBISIBJISLIACH HA OCHOBE COIOCTABJICHUS 3TUX JIBYX MPOEKIUH MPU OJTHOM U TOU ke
(aze pa3BUTHUS KPYIHBIX BUXPEW T€HEPUPOBAHHBIX BO3ACHCTBUEM.

[Ipu n3MepeHnn CKOpPOCTH MOTOKA MTPU HAJTMYMU aKyCTHUYECKOTO BO3JECHCTBHS
HEJb34 MOJIb30BaThCs TPpyOKo# [InTo, Tak Kak cTaTUYecKoe JAaBJICHUE OTIIMYHO OT
atMocepHoro. IIpocThiIM W JOCTAaTOYHO HAJEKHBIM CIOCOOOM HM3MEPEHHUS
CKOPOCTEH U JIaBJICHU B TAKOM CITy4ae SIBJIIETCS METOJ BCTPEUYHBIX TpyOok I1uTo.
[ToapoGHO ATOT METOT ONUChIBaeTCs B padbote [1].

Ha pucynke 1 mnpuBeneH npuMep MNOPOCTPAHCTBEHHOIO pacHpeIesICHHs
pU?/pUy* B mOIEpedHOM CEYeHHH TPEXMEPHOIl CTPYH IPH GOJIBIION aMILIATYIE

BO3JECHUCTBYIOIIETO CUTHAA.
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Pucynok 1. Cxema npoctpancteennoro pacnpeneienus pU/pUq" B nonepeunom

CEYCHUH TPEXMEPHOU CTpyH



[IpyunHa TOSIBIEHUSA JIOTIOJHUTENBHBIX CHYTHBIX  KOJOKOJOOOpa3HBIX
MaKCUMYMOB OOBSICHSETCA pa3BUTHEM U PACHaJOM KPYIHBIX KOTE€PEHTHBIX
CTPYKTYp, TE€HEpUPOBAHHBIX Bo3zAeiicTBueM. @opMmyna JITHUX CTPYKTYp B
pa3IMYHBIX CTaAMSIX pa3BUTUS Oblla M3yuyeHa IyTeM HaONIoJCHUs U
dboTorpadupoBaHus [IBETHON TEHEBOU KApTUHbBI TCUCHHUS.

Ha pucynke 2 mokaszaH npumep pacrpeaencHus 0e3pa3MepHOi CKOPOCTH U
M30BITOYHON TeMIlepaTyphl B TpeXMEpHOM cTpye mnpu A=3 (A=a/s - mapameTp
YAJTUHEHHsI COIa, TAE @ M 8 - pa3Mep UIMHHOM M KOPOTKOH CTOPOH BBIXOIHOTO
CEUYEeHMs] COIUIa) Ha ydacTKe Oudypkauum  BHUXPEBBIX  BO3MYLICHUH,
IEeHEPUPOBAHHBIX YNPABISAIOIMM Bo3zAeicTBueM. YacTtoTa BO3AEHCTBYIOLIETO

CUTHaJa COOTBETCTBOBaNA yucity Ctpyxans

Sh=f-a/U,=0,48,

rae f - gacTora, paccuMTaHHas 1O JIJIMHHOW CTOPOHE COILIA.

Ha sTux e pucyHKax NpUBEAEHbI KOHTYPHl NEpUPEpPUIHONW YacTh sapa
BUXPEBOr0 BO3MYIIEHHS C BHUJIOM B HANPABJICHUU BIOJb CTPYU K BBIXOJHOMY
CEUYCHHIO COIUIa T.€. B IUIOCKOCTH yz. [IpubnusutenbHas dopma ux mojiyueHa Ha
OCHOBE CPaBHEHHS JBYX B3aUMHO MEPIEHIAUKYJISPHBIX MPOCKIUN MIHOBEHHOU
TEHEBOW KApTHHBI TE€YEHHUSI CO CTOPOHBI JUIMHHOW M KOPOTKOM KPOMOK COILUIA U
BU3YaJIbHOTO HaOJIIOJICHUsI TOBEJAEHUSI MPOCTPAHCTBEHHBIX MNpOuUiel MOJTHOTO
nasneHus. [1o pacnonokeHuto 3TUX NPoPuiIe CTPOMIINCH TAKXKE pa3Mepbl BUXpE
0 OCH, MapajUiebHON JIMHHOM cTOopoHe comna (z). Ilo xapakTtepHbIM
0COOEHHOCTSIM (Ha pPUCYHKE OHHU BBIJICICHBI dKUPHBIMU TOYKAMU ), HAOJII01a€MbIM B
npouiIsIX TeMrepaTypbl M CKOPOCTH, MOAOWMPANUCh pa3Mepbl BUXPEH MO OcCH,
napasuielIbHOM KOpPOTKON cTopoHe comua ()). Hampumep, nBe kpailiHUE >KHpPHbIE
TOYKHU Ha OCH a0CLMCChI, COOTBETCTBYIOIINE BHEIIHEW I'PaHUIIe KPYIHBIX BUXPEH,

IMOKa3bIBAOT, YTO 3Ta TIpPaHHIla II0 CBOCMY HAIIPABJIICHUIO BpaAlICHHUA HMCECT



MaKCHMAaJbHYIO OTPHUIATENIbHYI0 CKOPOCTh (MPOOYKCOBKAa BUXPS) U TPU 3TOM

COIIPUKACACTCs C OKPYXKAOIIHNM XOJIOAHBIM CJIIOCM BO3/yXa.

u al
U :i AT,

40

U/Ug - A=3; AT/ATy - A=2,66. Uy =6,03 m/c; x/b=4; =89 I'u; To= 324 K (47p=23,3K)

Pucynok 2. Pactipenenenue 6e3pa3MepHOi CKOPOCTH U M30BITOYHOM TeMIepaTyphl B
MOTIEPEYHOM CEYEHHH TPEeXMEPHOM cTpyd. MrHOBeHHas: KapTuHa Ou(ypKali BUXPEBBIX
BO3MYIIEHUN.

W3 ananmusa pesynbTaToB HabmoneHus u (ororpadupoBaHUs TEHEBOU
KapTHUHBl TEUEHUS CIeAyeT, YTO TPOUCXOAWT HEMpephiBHAS AedopMaIus
BUXPEBOT'0 BO3MYIIICHUSI, COMPOBOKIAIOMICHCS CIOKHON TPAeKTOpUEH CONMMKEHUS
U TIEPEMbIKaHUSl €ro YacTel, pa3BUBAIOIIMXCS CO CTOPOHBI KOPOTKUX U JJIMHHBIX
kpoMok coruta. Hamnune muaumyma U/Ug Ha yuactke 0,5 <y/b < 1 nmpu x/b =4
CBSI3aHO C OOpa3oBaHHEM JIOKAJM30BaHHOW 00JacTH, B KOTOPOM JMHEIHAs
CKOPOCTh BHUXPS TIOCTIE 3aBEPIICHHUs IMPOIlecca MEPEeMbIKaHUSI BUXPEBOTO IIHYpa

BOJIM3U OCHU CTPyM W OKOHYATENIBHOrO (OPMHUPOBAHUS BUXPEBOTO TOpa



HaIlpaBj€Ha IPOTHUB OCHOBHOIO IOTOKAa (ABE JKHUPHBIE TOYKH HA YKA3aHHOM
yudacTke). B KoHeuHOM cuere, 3TO M OOBSCHSET MPUYMHY pa3pbiBa TPEXMEPHOU
CTPyH Ha TPHM YacTH IPU aKyCTHYECKOM Ha Hee BozneiictBuu [1]. TlyHKTHpHOM
JUHUEH Ha pUCYHKE 0003HaYeHbI KOHTYPBI BBIXOJHOTO CEYCHHSI COTLIa JIJIsl OLIEHKU
pa3MepoB U OTHOCUTEIBHOTO PACTIONO0KEHUS BUXPEBBIX BO3MYIIICHU.

[Ipn mocTynarenbHO-BpallaTeIbHOM IEPEHOCE WHEPTHOW MAacchl, Kak 3TO
MPOUCXOMUT B KPYIHBIX BUXPAX, ONHM3JICKAMME YaCTH  HEMOIBHUIKHOU
OKpYXAarolel XOJIOAHOW >KMIKOCTH UUPKYJSILMEN NEPEHOCATCS BO BHYTDPb
HarpeTol CTPyH, U H3MEHSAET paCIpelesiCcHHEe TEMIEPATypbl B MONEPEUYHOM
HarpasieHuu. [Ipu akycTHYeCcKOM BO3JEMCTBUH, BUXPU YKPYIHSACH MO pa3Mepy,
eme OoJplle YCHWIMBAIOT TakoM mpolecc M B pe3yibTare MPUBOAAT K
BO3HMKHOBEHHIO  PE3KUX HEMOHOTOHHOCTEHW B  MNPOPWISIX  HU30BITOUHOM
TEeMIEPATYpPHI.

JlaTuyuk TeMreparypbl IpU MEPEMEIICHUU MOMEPEK CTPYH PETHUCTPHUPYET
0oJiee BBICOKYIO TEMIIepaTypy B LEHTPaJIbHOW €€ YacTh, MEHEE BBICOKYIO B
dbokycax KpyMHBIX BUXpEH, a Mexay (okKycaMu KpailHErTo Topa MHUHHUMYM €€
3HAYCHUs (XapaKTepHas KHpHas TOYKa COOTBeTCcTBYIOmas y/Mb=1 mns x/b=4).
MunuManeHass U30BITOYHAST TeMIEparypa COOTBETCTBYET 00JIacTU CTpPYH,
obpaszyemoii mepeHocoM 0oiee XOJ0HBIX CI0EB BO3IyXa.

Cnegyer MMeTh BBHJY TakKe, YTO Ha PHUCYHKE 2 TPHUBEACHBI CpPEAHHE
xapaktepuctuku U/Ug u AT/AT,, oaHAKO CpaBHEHHS MPOBOAATCA C TEHEBOM
KApPTUHOM  TEYeHWs, [MOJy4yaeMoll  TpU  UMIIYJIbCHOM  OCBEIICHHH U
COOTBETCTBYIOILIE MTIHOBEHHOW (hOpMe BHUXPEBBIX BO3MYIIECHUH B HU3MEPSIEMOM
ceuennn. [losTomy mpodmim  cpemHMX — XapaKTEPUCTUK  HEOOXOIUMO
paccMaTpuBaTh Kak OCPEJHEHHOE CyMMapHOE II0Jie, CO3[aBaeMO€ CpPEeIHUM
TEYECHUEM U JIBIDKYIIMMUCS BHXPEBBIMU CTPYKTYpaMH, UMEIOIIMMH B KaXJIOM
CEUEHUH BIIOJIHE ONPEICICHHYIO (JOpMY C COOCTBEHHBIMH BHYTPEHHUMH IMOJISIMU
CKOPOCTHU U TEMIEPATYPHI.

Takum 00pa3om, reHepUpOBAHHBIE BO3JIECHCTBUEM BUXPEBBIE CTPYKTYpHI B

KaXXKJIOM CCUYCHHUHN HMCIOT THIIMYHYIO (bOpMy, CBA3aHHYIKO C COOCTBEHHBIM



BHYTPEHHUM TMOJEeM CKOpOoCcTH. HeMOHOTOHHOCTP B MNPOPUIAX CPEAHHUX
XapaKTEPUCTUK OOYCIIOBJIEHBI CII0)KEHUEM CPEJHEr0 TEYEHHUs] C OCPEIHEHHBIM

IIOJICM, CO3JaBACMbIM ABHWXYIINMUCA BUXPCBBIMU CTPYKTYpPaMHU.
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Ok TOEF3U, anb-Papadu ateigarsl Kaz¥V, Anmarter

I9CEP BAP KE3JIEI'T YIHOJIINEM/II AT BIHIITAJTAT'BI AT BICTBIH
KAKBIH OPICIHIH KbIJTYJIBIK /KOHE IMHAMUKAJIBIK
CUITATTAMAJIAPBI

JKYMBICTBIH ~ MakcaThl  YIIOJIIEMIl  aFbIHIIAJaFbl  TYpOYJICHTTUNKTIH  KOTEPEHTTIK
KYPBUIBIMIAPBIH, OJApIbIH aJBICKA TapallyblH OJKCIEPUMEHTTIK 3epTTey. AFBIHIIAIBIK
arplHAapAa OacTamkbl TYybIHIAAFaH KYWBIHIAPIBIH YCAKTANbII bIABIpAN KETHEUTIHIIr, aj
KOCaKTaJIbIT Oip-0ipiMEH ocepiiece OTBIPBII XKOHE KOCHUIBI, aFbIC OAFBITHIHIA aFbIHIIA IIaAMaMEH
OIIIKeHTe IICHIH ©31HIH MHAWBUIYAJAUIITH CAaKTaWThIH, KYHBIHIAPIBIH YIKEH KOHIJIOMEpaThiH
KYPaWTBIHBI OpHATHUIABL. TypOYJIEHTTIK MyJbCAalMsUIApAbIH MaKUCMAII JKUUTITI, aFbIHITAHBIH
OacTtamnkpl OeiMIIeciHIe TYBIHAAUTHIH OIpIHII PETTIK ipiMacIITa0Thl KYHBIHAAPABIH KULTITTHEH
APTIAUTHIH/IBIFBI SKCIICPUMEHT KY3IHIC TOICIICH]II.

YuienmeM i aFbIHINANIAPALI 3€PTTEY KE3iH/AC aFbIHIIAHBIH OCl JKOHE KOJIICHCH KHMaJlapbIHIaFbl
KBULIAMIBIK TIE€H TEMIIEpaTypaHbIH YJIECTipilyiHe OacTamnkbl IIAPTTapabIH JKOHE CBHIPTKBI dcep
napaMeTpJICpiHiH acepi OyphIHBIpaKTa aHbIKTaIFaH 001aTbiH. OChl aHFApPBUIFAH MACENEIepAl TYCIHIIPY
YIIiH YIOOJIIEeM]Ii aFbIHIIAHBIH XKaKblH OOBLIBICTApBIHIA 1piMacITaOThl KYHBIHIBIK KYPBUIBIMIAPIBI
TEpEeHipeK 3epTTey Kepek.

Ochbl JKYMBIC €PKiH arbIHIIAIAPIbIH a’pOJANHAMHUKACHIHA JKOHE JKbITyTaCMaJIaHybIHA KYHBIHIBIK
KO3FaJIBICTAP/IbIH POJIiH alKbIHAAyFa KaThICThI 3ePTTECYJICP/IiH KaJIFachl 0OJIbIT TaObLIA B

S. Isatayev, G. Toleuov, M. Isatayev, E. Zulbuharova
Al-Farabi KazNU, Almaty

HEAT AND PERFORMANCE OF FLOW FIELD NEAR THREE-
DIMENSIONAL JETS IN THE PRESENCE OF EXPOSURE

The aim of this work is the experimental investigation of the coherent structure of
turbulence in a three-dimensional jet, their maximum range. It was found that the jet streams
originally appeared vortices can decay into smaller and mutually interacting with each other and
merge to form a large conglomerate of eddies that retain their individuality until about the decay
of the jet in the direction of flow. Experimentally, we have shown that the maximum frequency
of turbulent fluctuations do not exceed the frequency of the primary large-scale vortices formed
in the initial section of the jet stream.

When studying the three-dimensional jets previously defined effect of initial conditions
and parameters the expiry of the control action on the velocity and temperature distribution along
the jet and the cross sections of flow. For an explanation of the features found in the form of
distributions to a more detailed study of the structure of organized movements in three-
dimensional flow field near the jets.

This work is a continuation of studies aimed at identifying the role of organized vortex
motions in the processes of mixing and heat transfer in the jet stream.
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