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TEIIJIOBBIE U JUHAMNWYECKHUE XAPAKTEPUCTUKH BJINKHEI'O
OJIsI TEYEHUS TPEXMEPHOM CTPYH ITPU HAJINUUHA
BO3JIEVICTBUSI

Ilens manHOW PabOTHI 3aKIIOYAETCS B AKCIIEPUMEHTAILHOM HMCCIIEIOBAHUM KOTEPEHTHOU
CTPYKTYpbl TYpOYJICHTHOCTH B TpPEXMEPHON CTpye. bBbUIO YCTaHOBIEHO, YTO B CTPYHHBIX
TEYEHMSIX MEpPBOHAYAJIHHO BO3HUKIINE BHUXPH HE MOTYT pacmajarbcs Ha Oojee MeJkue, a
MOTIAPHO B3aUMOJICHCTBYSI JIPYT C JOPYrOM U CIMBAascCh, 00pa3yroT OOJBIION KOHTJIOMEpAT
BUXpEH, COXpAHSIOUMX CBOK WHIUBUAYaJbHOCTh MPUMEPHO [0 3aTyXaHHUs CTpPyd IO
HANPaBIICHUIO TEUEHUS. DKCIEPUMEHTAIBHO HAMH JOKa3aHO, YTO MaKCHMajbHas YacToTa
TypOYJEHTHBIX IMyJbCAllUA HE MPEBBIIIAET YACTOTY NMEPBUUYHBIX KPYMHOMACIITAOHBIX BHUXPEH,
00pa30BaHHBIX HA HAYAJILHOM Y9aCcTKE CTPYWHOTO TEUSHUSI.

[Tpu u3yueHun TpexXMepHBIX CTPYH paHee ObLIO OMpeeseHO BIUSHIE HaYaIbHbBIX YCIOBUI
UCTCUCHUST W TApaMeTPOB YMPABJISAIONIETO BO3JICHCTBUS HA paclpelelieHHe CKOPOCTH U
TEMIEPATypbl BIOJb CTPYU U B MOMEPEUHBIX CEUEHUAX CTpyH. s 0ObsicHEeHUsT 0OHAPYKEHHBIX
ocoOeHHOCTEH B (hopme ITHX pacrpeneneHuil HeoOxoauMo Ooliee IeTalTbHOE HCCIeIOBaHUE
CTPYKTYpPbl OPraHU30BaHHBIX JABMKEHUHN B OJMKHEHN 00J1aCTH TE€UEHHS] TPEXMEPHBIX CTPYil.

Jannast paboTa sIBISIETCS MPOJOJDKEHUEM HCCICNOBAHUM, HAIMPABICHHBIX HA BBHISBICHHE
pOJIM OpPraHM30BaHHBIX BUXPEBBIX JBIKEHUN B IMpolleccaXx CMEIICHHS M TEeIUIoNepeHoca B
CTPYMHBIX TCUCHHUSX.

KiroueBble cioBa: 1uiockasi cBOOOAHAS CTpys, KPYITHOMACIITaOHBIE BUXPH,
TypOYJI€HTHOCTD, paclpeielIeHue CKOPOCTH U TEMIIEPATypPbl, TaIbHOOOMHOCTb.

Tyiinai ce3mep: xa3blK €pKIH arblHIIA, 1pl MaclITaOTBl KyWbIHAAP,
TypOyJICHTTIK, KbULIaM/IBIKTHIH JKOHE TeMIIEpaTypaHbIH Tapaiybl, allbICKA YPY.

Keywords: flat free jet, large-scale vortices, turbulence, velocity and

temperature, range.

Jlnst mpoBeeHHsI OMbITa HMCIOJB30BAIaCh JKCIIEPUMEHTANIbHAS YCTAaHOBKA,
OCHAaIllCHHAasl ~TePMOAHEMOMETPUYECKOW  ammapaTypoil u - mpubopamu,
MO3BOJISIONIUMA W3MEPSTh BCE OCHOBHBIE XAPAKTEPUCTUKU TEUCHHUS, a TaKKe
HaOmomath u (QororpadupoBaTh TEHEBYIO KApTHUHY BHUXPEBOTO JBWXCHHUS B

UCCIeyeMOi 00IacTH.



C uenpto momyuyeHus Oosee MONHON HHPOPMAIMK O TPOCTPAHCTBEHHOM
dbopMe BHUXPEBBIX BO3MYIICHHMH B TEHEBOM NPUOOpPE MPUMEHSIUCH I[BETHBIC
BU3yanu3upytomue guapparmpl . auadparMbl  CEHUAIBHONM  (OPMBI,
MO3BOJIAIONIME MOJIy4aTh OoJiee KOHTPACTHYIO KapTHHY Ha MajblX Maciuradax
BUXpEH W JONOJIHUTEIIbHBIE CBEACHUS O HAIpPABICHUM U HWHTEHCUBHOCTU
U3MEHEHUS TEMIIEPATYPbI BHYTPU BUXPEH.

B nmnpounecce wW3MEpeHMIl TEIUIOBBIX W JUHAMUYECKHX XapaKTEPUCTHK
OJIHOBPEMEHHO NPOU3BOAMIOCH HaONIOAeHHE U (POTOrpa@upoBaHHE KapPTHUHBI
TE€YEHUs] B JIBYX MPOEKUMSIX C BUIAOM CO CTOPOHBI KOPOTKOH M CO CTOPOHBI
JUIMHHOW KPOMOK BBIXOJIHOTO ceueHus coruia. [IpoctpancrtBennas ¢opma Buxpen
BBISBIISIIIACH HA OCHOBE COIOCTABJIEHUS 3TUX JABYX HNPOEKIUN MPU OJHOU U TOU XKe
(aze pa3BUTHUS KPYIIHBIX BUXpEH T€HEPUPOBAHHBIX BO3/1ECHCTBUEM.

[Ipu n3MepeHnn CKOPOCTH MOTOKA IPU HAJTUYUHU aKyCTHYECKOTO BO3JAEHCTBUS
HEJb3s MONIb30BaThes TpyOKoil [IuTo, Tak Kak cTaTHUECKOE NABICHHE OTIUYHO OT
atmocgepHoro. [IpocThiM M JOCTaTOYHO HAJEKHBIM CHOCOOOM H3MEpEHUs
CKOPOCTEH M JIaBJICHUN B TAKOM CJIy4ae SBIISIETCS METOJI BCTPEUHBIX TpyOok IIuTo.
[TogpoGHO ATOT METO T ONKChIBaeTcs B padore [1].

Ha pucynke 1 mnpuBeneH mnpuMep MNPOCTPAHCTBEHHOTO paclpencsieHus
pU’/pUy B NOIEPEUHOM CEYEHHH TPEXMEPHOH CTPYH HpH GOJIBIION aMILIMTY/Ie

BO3/ICHCTBYIOIIETO CUTHAJIA.
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Pucynok 1. Cxema npocrpancteennoro pacnpenenerus pU /pU,” B nonepeunom

CEYCHUU TPEXMEPHOU CTpyH



[TpyunHa TOSIBIEHUSA JIOMOJHUTENBHBIX CIYTHBIX  KOJIOKOJOOOpPa3HbIX
MaKCHUMyMOB OOBSCHSETCS pa3BUTHEM U PaclajoM KPYMHBIX KOTEPEHTHBIX
CTPYKTYp, T€HEpUpPOBaHHbIX Bo3aciicTBueM. @opmysia 3TUX CTPYKTyp B
pa3aMuYHBIX CTaAWsAX pa3BUTUA Oblla H3ydeHa IIyTeM HaOJMIOJEHUs W
dboTorpadupoBaHus IIBETHOW TCHEBOW KAPTUHBI TCUCHHS.

Ha pucynke 2 mokaszaH mpumep pacupeneneHus 0e3pasMepHOl CKOpOCTH U
U30BITOYHON TemmepaTypsl B TpEXMEpHOM cTpye mnpu A=3 (A=a/é - mapameTp
YATUHEHHs! COIia, TAE @ U 8 - pa3Mep JIMHHOM M KOPOTKOM CTOPOH BBIXOJHOTO
CEUEHUs CcOIula) Ha ydyacTke Oudypkauuu  BHUXPEBBIX  BO3MYIIECHUH,
TEHEPUPOBAHHBIX YHPABIAIOLIMM BO3AeWCTBHEM. Yacrora BO3IEHCTBYIOLIETO

CUTHaJa COOTBETCTBOBAIA unciy Ctpyxais

Sh=fa/U,=0,48,

rje f - yactoTa, pacCUMTaHHas MO JJIMHHON CTOPOHE COILIA.

Ha »sTux e pucyHkax NpHUBEIEHBI KOHTYpHI TepudepuitHON dYacTtu siapa
BUXPEBOr0 BO3MYILUEHHSI C BHUJOM B HANPABJIECHUU BJIOJb CTPYH K BBIXOJHOMY
CEUYCHHIO COIlIa T.€. B TUIOCKOCTH yz. [IpubnusurensHas dhopma ux moirydeHa Ha
OCHOBE CPaBHEHHMS JBYX B3aWUMHO IEPHEHIUKYJISPHBIX IMPOCKUUN MIHOBEHHOU
TEHEBOM KapTUHBI TEYEHUS CO CTOPOHBI JUIMHHOW M KOPOTKOM KPOMOK COIUIa U
BU3YaJIbHOTO HAOJIOMCHUS TOBEJCHUS MPOCTPAHCTBEHHBIX NpOdHiIeld MOIHOTO
nasieHus. [1o pacrnonokeHuto 3TUX Npopuiie CTpOMINCH TaKKe pa3Mephbl BUXpei
MO0 OCH, MapajuleNbHON JIMHHOM cTOpoHe coma (z). Ilo xapakTtepHbIM
0COOEHHOCTSIM (Ha PUCYHKE OHH BBIJICTICHBI )KUPHBIMHU TOYKAMH ), HAOIIOJAEMBIM B
npouiigx TemriepaTypbl U CKOPOCTH, MOAOMpAIUCh pa3Mepbl BUXPEHl MO OCH,
napajyIeIbHOW KOPOTKOM cTopoHe coruia (y). Hampumep, nBe KpailHUE XUpPHbIE
TOYKH HAa OCH aOCIIMCChI, COOTBETCTBYIOIINE BHEIIHEW I'PAHUIIE KPYITHBIX BUXPEH,

IMIOKa3bIBAIOT, 4YTO 3Ta IpPaHHIla II0 CBOCMY HAIIPpABJIICHUIO BpallCcHUA HNMCCT



MaKCHUMaJIbHYI0 OTPHILATENIbHYI0 CKOpPOCTh (ITPOOYyKCOBKA BHUXpS) M IPU 3TOM

COMMPUKACACTCA C OKPYIKAOIINM XOJIOOAHBIM CJIOCM BO3yXa4d.

U
U :i

J0

U/Uy - \=3; AT/AT, - A=2,66. U) =6,03 M/c; x/b=4; /=89 I'; T)= 324 K (4T,=23,3K)

Pucynok 2. Pacnipenenenue 6e3pa3MepHOil CKOPOCTH U U30BITOYHOM TeMIepaTyphsl B
HONIEPEYHOM CEYCHHHU TPEXMEPHOH cTpyu. MrHOBeHHas: KapTuHa Ou(ypKaui BUXPEBIX
BO3MYILICHHH.

W3 ananmusa pe3ynpTaToB HabOmoneHuss U QororpadupoBaHus TEHEBOU
KapTHUHBl TEUEHHUS CIEAyeT, YTO MPOUCXOAUT HempephiBHas aedopManus
BUXPEBOI'0 BO3MYILIEHHMSI, COITPOBOXKIAOLIEICS CI0KHOU TpaeKTopuen cONMKeHus
U TIEPEMBIKAHUSI €ro 4acTel, Pa3BUBAIOIINXCS CO CTOPOHBI KOPOTKHUX W JUIMHHBIX
kpomok coruia. Hannune muaumyma U/U, Ha yuactke 0,5 < y/b < 1 npu x/b = 4
CBA3aHO € OOpa3OBaHHMEM JIOKAJU30BAHHOW OOJACTH, B KOTOPOM JMHEHHas
CKOPOCTh BUXpS TOCJE 3aBEpIICHUS TPOIecCca MEePEeMbIKaHUs BHXPEBOTO IIHypa

BOJM3M OCHM CTPyM UM OKOHYATEIHbHOrO (OPMUPOBAHHUS BUXPEBOrO TOpa



HaIpaBJieHa MPOTUB OCHOBHOTIO NOTOKAa (JIB€ JKHUPHBIE TOYKM HA YyKa3aHHOM
ydactke). B koHedyHOM cuere, 3TO U OOBSICHSET NMPUYMHY pa3pbiBa TPEXMEPHOU
CTPyY HAa TPU YacCTU NPU aKyCTUUECKOM Ha Hee BozaeuctBuu [1]. IlyHKTHpHOM
JMHUEHN HA PUCYHKE 0003HAYEHBI KOHTYPBI BBIXOIHOTO CEYEHUS COTUIA JIJISl OTICHKU
pa3MeEPOB U OTHOCHUTEIIBHOTO PACIIOJIOKEHUSI BUXPEBBIX BO3MYILECHUM.

[Ipu mocrynarenbHO-BpAIIATENIRHOM IEPEHOCE WHEPTHOW MACChI, KaK 3TO
MPOUCXOMUT B  KPYIHBIX BUXPSX, OJU3ISKAIIUE YaCTH  HEMOJBIKHOU
OKPYXAIOUIEH XOJIOAHOW JKUAKOCTH UMPKYISIUUEH TEPEHOCATCS BO BHYTPb
HarpeTol CTPyW, M H3MEHSET PACIpECIICHUE TEMIIEPATYpbl B IONEPEUYHOM
HarpaByieHUH. [Ipu akycTHUuecKOM BO3IEMCTBUU, BUXPHU YKPYIHSSCH IO pa3Mepy,
emie OoJibllle yCWIMBAIOT TaKOM TMpoOIEecC M B pe3yjbTare MNPUBOASAT K
BO3HMKHOBEHHUIO  PE3KUX HEMOHOTOHHOCTEH B  Mpoduisix  HU30BITOYHOU
TEMIIEPATYPHI.

JlaTuuk TeMrepaTypbsl OpPU MNEPEMELICHUU IIONEPEK CTPYH PETUCTPUPYET
0ojiee BBICOKYIO TEMIIEpaTypy B LEHTPAJIbHOW €€ YacTH, MEHEe BBICOKYIO B
dbokycax KpYMHBIX BUXpeH, a Mexay (okycamu KpallHEro TOopa MUHUMYM €€
3HaUCHUS (XapakTepHas XUpHas Touyka cooTBeTcTBytomas y/b=1 s x/b=4).
MunuManbHas u30bITOYHAs TEMIlEpaTypa COOTBETCTBYET O0JacTH CTPYH,
o0OpazyeMoit mepeHocoM 00JIee XOIOHBIX CII0EB BO3AyXa.

Cnenyer UMeTh BBHUYy TakXe, YTO HA PHUCYHKE 2 MPUBEACHBI CPEAHUE
xapaktepuctuku U/U, u AT/AT), olHako CpaBHEHHUS MPOBOISATCA C TEHEBOU
KapTUHOM  TEYCHMS, I[OJy4aeMOW MpPU  MUMIIYJbCHOM  OCBEIICHUH W
COOTBETCTBYIOIIEH MIHOBEHHOM (pOpME BUXPEBBIX BO3MYILIEHUN B H3MEPSEMOM
ceueHuu. IlosTroMy mpoduau  CpeaHUX  XapPaKTEPUCTUK  HEOOXOJIUMO
paccMarpuBaTh KAaK OCPEIHEHHOE CYMMAapHOE IIOJIE, CO3/1aBaeMOE€ CpPEIHUM
TEYEHWEM W JBHXKYILIUMHCS BUXPEBBIMU CTPYKTYpaMH, HUMEKIIMMHU B KaXKIOM
CEUYCHHH BIIOJTHE OMPEIEICHHYIO (OPMY C COOCTBEHHBIMU BHYTPEHHUMH MOJISIMU
CKOPOCTH M TEMIIEPATYPHI.

Takum o00pa3om, T€HEpUPOBAHHBIC BO3JICUCTBUEM BUXPEBBIE CTPYKTYpPHI B

KaXJIOM CEUEHHH HMEIOT THIHYHYI0 (OpMy, CBSI3aHHYI0O C COOCTBEHHBIM



BHYTPEHHUM TIOJEM CKOpPOCTH. HEMOHOTOHHOCTP B HPOPWISIX CpPEIHHX
XapaKTEPUCTUK OOYCIIOBIEHBI CIIO)KEHUEM CPEIHEr0 TEUEHUS C OCPEIHEHHBIM

II0JIEM, CO3JAaBAEMBIM JIBHKYILIMMUCS BUXPEBBIMHU CTPYKTYpaMHU.
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IJCEP BAP KE3JIEI'T YIHOJIITEM/II AFBIHITAJTATBI AFBICTBIH
KAKBIH OPICIHIH KbIUIYJIBIK KOHE IMHAMUKAJIBIK
CUITATTAMAJIAPBI

JKYMBICTBIH ~ MakcaThl — YIIOIMIEMAlI  aFbIHIIAJaFrbl  TYpOYJIEHTTLTIKTIH  KOTEPEHTTIK
KYpBUIBIMAAPBIH, OJApJblH albICKA TapallyblH OJKCHEPUMEHTTIK 3epTTey. AFBIHIIAIBIK
arblHAapAa OacTamKbl TybIHAaFaH KYWBIHIAPJbIH YCAKTalbIl bIAbIpAN KETHEHTIHAIr, ai
KOCAKTaJbII 0ip-0ipiMEH acepiiece OTBIPHIN KOHE KOCBIIBII, aFbIC OAFbITHIH/IA aFbIHIIA IaMaMEH
OIIIKCHTe ICHIH O631HIH WHAWBHIYIUNIH CAKTAUTHIH, KYHBIHIAPIBIH YJIKCH KOHTJIOMEPAThIH
KYpaWThIHBl OpHATHUIABL. TypOyJeHTTIK MyJbCallUsUIapAblH MaKUCMaJi JKULIT1, aFbIHIIaHBIH
Oactankpl OeJiMIIECiHIe TYBIHIANTHIH OipiHII PETTIK ipiMacITadThl KYHBIHAAPIBIH KHUUIITTHEH
apTIalTHIH/BIFBI SKCTIEPUMEHT KY31HIC TOTETACH]II.

Yurenmiemi arpIHIIATapAbl 3epTTEY Ke3iHIe aFbIHIIAHBIH OCi )KOHE KOJICHEH KHMaapbIHIarbl
KBUIJAMIBIK TIEH TeMIIepaTypaHblH YIIECTipulyiHe OacTamnkbpl [IapTTapIblH KOHE CBIPTKBI ocep
napameTpiiepiHiH acepi OyphIHBIpaKTa aHBIKTAIFaH 0ojaThiH. OCHl aHFapBUIFAaH Moceleepal TYCIHAIpY
YIIiH YIIOJIIeMIi arblHIIaHBIH JKaKblH OOBUIBICTAPBIHIAA ipiMAcIiTaOThl KYWBIHIBIK KYPBUIBIMIAPIbI
TEePEHIPEK 3epTTEy KepeK.

Ocbl )KYMBIC epKiH aFblHIIANAPIbIH a3POJUHAMHUKACHIHA KOHE HKbUIyTACMaIaHybIHA KYHBIHIBIK
KO3FAIIBICTAPIbIH POJIiH afKbIHIayFa KaThICThI 3ePTTEYJICP/IiH JKaIFAChl OOJBIT TAOBLIAIBL.

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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