BJIMAHUE AKYCTHUYECKOI'O BO3JEVCTBHUA HA JIUHAMUKY TPEXMEPHOHN
TYPBYJIEHTHOM CTPYH

C.U. Ucaraes, C.b. Tapacos, I'. TosieyoB, M.C. UcaTaeB, M.K. AcembaeBa
HUUDT®, Kazaxckuil HayuoHaiohslll yHugepcumem um. anv-Dapadu, 2. Animamol

Lens maHHO#M pabOTHI 3aKIIOYAETCS B SKCIIEPUMEHTAILHOM HMCCIEIOBAHUM CPEIHUX XapaKTePUCTUK
TE€UCHHS B TPEXMEPHOU CTpye B MIMPOKUX Ipe/esax M3MEHEHHs COOTHOIICHHS CTOPOH COIUIa M HadalbHOU
CKOPOCTH TIpH HAJIWYHA aKyCTHYECKOTO BO3JCUCTBUS W UCCIEAOBaHHE KOTEPEHTHOH CTPYKTYpHI
TypOyJIEHTHOCTH B TPEXMEPHOH CTpye W BBIICHEHHE POJHM BIMSHHUA TaKUX CTPYKTYp Ha a’dpoAWHAMHKY

CTpyH.

OueHb BaXKHBIM CBOICTBOM, HPUCYLIMM CBOOOJHBIM TYpOYJICHTHBIM CTPYSM, SIBISIETCS
YYBCTBUTEIBHOCTh €€ K BHEIIHUM BO3ACUCTBUAM. [l TUIOCKMX M KPYIJIBIX CTpPYH, I/ie HaIU4yue
KOT€PEHTHBIX CTPYKTYp Ha HAa4aJlbHOM M TEPEXOJHOM YYacTKax JeNIaeT UX YYBCTBUTEIBHBIMU K
BO3JCHCTBUIO PA3IMYHOIO poja MEPUOAMYECKHX M, B YACTHOCTH, AKYCTHMUYECKHX BO3MYLICHUH,
poOIeMBI, Kacalolrecs BHEIIHUX BO3JICHCTBUH, TOBOJIBHO MOAPOOHO MccienoBanbl. UTo Kacaercs
TPEXMEpHBIX CTPYH, OO0JIQAAOUMX MOBBIIIEHHOW YYBCTBUTEIBHOCTBIO K HHU3KOYACTOTHBIM
BO3JIeHCTBUSM [ 1, 2 ], MOMOOHBIE 3KCTICpUMEHTAIBHBIE HCCIICIOBAHUS TTOUTH HE POU3BOIUIIHCH.

Ilenp naHHOM paOOTHI 3aKIIOYAETCS B SKCIEPUMEHTAIBHOM HCCIEIOBAaHUU CPEIHUX
XapaKTepUCTHK TEUCHHS B TPEXMEPHOW CTpye B MIMPOKHX MpeaesiaXx M3MEHEHHs COOTHOILICHHUS
CTOPOH M HaAyalbHOM CKOPOCTH NpPU HAJIMYMU aKyCTHUECKOTo BO3JEHCTBUS M HCCIEIOBaHUE
KOT€PEHTHOW CTPYKTYpPBI TYpOYJSCHTHOCTH B TPEXMEPHOM CTPYye U BBIACHEHUE POJIM BIUSHUS TAKHX
CTPYKTYp Ha TUHAMUKY CTPYH.

DKcIepruMEeHTHI TIPOBOIIINCH Ha YCTAHOBKE, CXEMAaTUYHO TIOKa3aHHOW Ha puUCcyHKe 1.

Bo3ayx ot BenTmisiTopa (1) moctynan uepe3 Bubporacsuuii nepexos (2) B yClOKOUTEIbHYIO
kamepy (3), 3ateM uepe3 cetku (4) u (5) ucrtekan w3 corua (6) ¢ MPSIMOYTroJabHON (Qopmoit
BBIXOJIHOTO CEUEHMS.

HAE-4S]

7T ]

1-BeHTUIIATOD; 2-BHOpOTACAIIINI TIEPEXO/T; 3-YCIMOKOUTEIbHAs KaMepa;
4-BpIpaBHUBAIOILIME CETKU; S-HarpeBaeMas ceTka; 6-cormno; 7-quHaMuk; 8-Tpyoka [1uto;
9- mukpomanometp; 10-3ByKOBOii reHepaTop

Puc. 1. Cxema 3KkcriepuMeHTaIbHON YCTaHOBKH
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KopHeBast yacTh cTpyu pacrmosarajiack B paboueil yacTu TeHeBoro mnpubopa MAB-451,
000pYyIOBAaHHOTO TaK, YTO MOKHO ObLIO HAOIIOAATh TEHEBYIO MTHOBEHHYIO KapTUHY TEUCHHS.

Bo3zgeiicTBue Ha CTpPYyIO OCYIECTBISJIOCh ¢ MOMOIIBIO guHaMmuka (7) momHocTeio 50 BT,
pa3MENIeHHOTO B YCHOKOUTEIbHOW Kamepe (POHTAIbHO K BBIXOJHOMY cedeHuio crtpyu. [lpu
1ojladye Ha JAMHAMMK CHUHYCOMJAJIBHOIO CHTHaja M3 3ByKoBoro resneparopa (10) B BbIXOAHOM
CEUEHUU CTPYH CO3JAI0TCSl CHHYCOHIaJbHbIe KOJIeOaHUsI CKOPOCTH BHIOPAHHOM YaCTOTHI.

Jlist u3MepeHust CpeHe CKOPOCTH M JUHAMHYECKOTO JTaBIICHUS MPUMEHSUTHCH TpyOka [luto
(8) mu mukpomanomeTtp (9) mapku MMH-240.

[Tepememienue Tpyoku [IUTO U AATYMKOB MO TPEM OCSIM CUMMETPHH COILIA OCYIIECTBISIIOCH C
ITOMOILBIO TPEXMEPHOTO KOOPIMHATHHKA.

Jns GopMUpOBaHUS TPEXMEPHBIX CTPYH HCHOIB30BAIMCH CMEHHBIE COIUIA C Pa3IMYHBIMH
YAJUHEHUSIMU. Y IJIMHEHHEeM colula (B JanbHeillneM OHO OyleT Ha3bIBaThCs MapaMeTpoM
COOTHOIIICHUSI CTOPOH COILJIa) Ha3bIBAIOT OTHOIICHHUE JUTMHHON CTOPOHBI & , K KOPOTKO# cTopoHe b
Ha cpese coria (A= a/b).

CnpodunupoBannbie 1m0 (opmyrne BHUTOMIMHCKOrO YeThIpe CTOPOHBI COIJIa CHavama
MOHTHPOBAJIUCh JAPYr JAPYry CHEUUaIbHBIMU 3aKUMaMH, 3aTéM TIIATE€IbHO IPOIAanBaJIMCh.
[IpsiMoyronbHBIE COIIAa UMENIM OAUMHAKOBYIO JUIMHY 90 MM, CO CTENEHSIMHU MOHKATHUS

c~10 (c=F,/F,, rne F, - mnomans BxomHoro ceuenns koudysopa; F,- Miomanb BBHIXOIHOTO
cedeHus KoH(y3opa), mpuueM 3HAYCHUS TIJIOMIAeH cpe3a BhIX0/1a JIJIsl BCEX COMeN ObLIN MPUMEPHO

OJIMHAKOBBI U PABHOBEJIMKH IO TUIOIIAAN KPYIJIOMY COILTY, AMaMETP KOTOPOTO COCTaBIIsIT Obl
dp=22,57 mm. B cooTBeTcTBHH € 3THM 3(PPEKTUBHBIA JHAMETP KaXKIOTO MPSIMOYTOJIbHOTO COILIA

d  OBUI IPUOIM3UTENLHO TAKUM XK€, KaK JUAMETP KPYTJIOro Coria. 31eCh d,=2vab/r.
OcHOBHBIC U3MEPEHHSI POBEICHBI sl A = 2,66 .
CkopocTh MOTOKa B MpoIlecce OMbITa u3MeHsu1ach oT 2,78 n1o 6 m/c. OCHOBHbBIE H3MEpEHUs
IPOBEJEHBI IPH CKOPOCTH MCTEUEHUs Ha BbIXOJE U3 comna U,=6 M/c, 4TO COOTBETCTBOBAJIO YUCITY

Peitnonsaca Re ~0,97-10%, paccuntannoro no >3GGekTHBHOMY AHAMETDY.

Bo3neiictBuss Ha CTpPyHO OCYIIECTBISUTUCH —HM3JTydaTeleM 3ByKa, pa3MEIIeHHbIM B
YCIIOKOUTENBHON Kamepe (POHTAIBHO K BBIXOAHOMY CEUEeHHIO corvia. OmbITBI B OCHOBHOM
NPOBOAMJIMCH KaK MPH OTCYTCTBHM BHEIIHETO BO3JACHCTBHS, TaK W NMpPU HAIUYUH BO3JACHCTBHSA,
COOTBETCTBYIOMIEro yncay Ctpyxais:

fb _ fea _ fa,d,

Uy Uy Uy

Sh = =048,

rac f‘b’f;z n fda - €CTb 4aCTOThbI, paCCYUTAHHLIC I1O KOpOTKOfI U JIAHHOH CTOPOHAaM COIlIa U 1O

3¢ (HEeKTHBHOMY TUAMETPY ITUX COTIEIN.

OKCHepUMEHTAIbHOE HCCIIEJJOBAaHHE TPOIIECCOB TEIJIONEPEHOCa B TPEXMEPHBIX CTPYAX
MPOBOAMIIOCH HAa TOM € JKCIEPUMEHTAILHON YCTaHOBKE, cCXeMa KOTOpOi Oblla IMOKa3aHa Ha
pucyake 1. Bo3ayx, mocTymammuii B yCIOKOUTEIBHYI0 KamMepy 4Yepe3 BBIPABHHMBAIOIINE CETKH,
HCTEKaJl U3 MNPSIMOYToiabHOTO comia. CTpys ONpu 3TOM HarpeBajlach C IMOMOIIbIO HarpeBarels,
CMOHTHUPOBAHHOTO BO BXOJHOM CEUEHHUH COTLIA.

Jns u3mepenus pactpeeneHus: TeMIepaTypbl CTPYH MCIOJb30Balach MEIbKOHCTAHTAHOBAS
TepMOIIapa, «TOpAYU» CIall KOTOpOW pa3Mmeniajics B TOTOKE, a APYroil, Tak Ha3bIBA€MBbI
«XOJIOOHBINY cMail, HaxoAwics NpH KOMHATHOM Temmeparype. DJC Tepmomapsl u3Mepsiach
uuppoBbIM BOJIbTMETpoM. CHTHaA OT TepMomapbl IMOAABAJCA TaKXKe€ Ha JABYXKOOPAMHATHBIN
camMonucen, rac Npon3BOANINCh HCITPCPBIBHBIC 3alIUCU UBMCHCHHUA TCMIICPATYPhI BAOJIb OCU CTPYU
U B TIOTIEPEYHBIX CEUCHUSIX.
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Ha ocHOBe moOy4eHHBIX pe3yabTaTOB HM3MEPEHUS MPOCTPAHCTBEHHBIX MPO(UIICH MOITHOTO
JaBJIeHUs,, Ha OCHOBE HaOmroAeHuss U (ororpagupoBaHuss TEHEBOM KapTUHBI TEYEHUS U U3
cpaBHEHHsI Oe3pa3MepHBIX Mpoduiei CKOPOCTH U M3OBITOYHON TeMIlepaTypbl TPEXMEPHOH CTpYH,
MO’KHO INPEACTaBUTh YIPOIIEHHYIO CXEMY 3BOJIONMU (OPMBI U pa3Mepa BUXPEBBIX CTPYKTYp Ha
pasIMYHBIX PACCTOSHUAX OT cpe3a comula. Jlampiie, Kak 9TO MOKAa3aHO Ha PUCYHKE 2, Ha OCHOBE
9TOM K€ CXeMbl HaM yJaJloCh OOBSICHUTh MPUPOAY BOZHUKHOBEHHE HEMOHOTOHHOCTH B MPOMUIISIX
CKOpPOCTH U N30BITOYHON TEMIIEPATyphl CTPYH. AOO - Pa3HOCTb MEXKIY TEMIIEPATYPOil B HAYAJIbHOM

CEUEHUU CTPYH U B OKPYKAIOLIEM IIPOCTPAHCTBE (AOO =0, -0, )

Ha pucynke 2 moka3aHbl IpUMEPBI PacIpeeTIeHUS] CKOPOCTU M TEMIIEPATyphl B TPEXMEPHOU
ctpye mpu A =2,66 Ha ydacTke Oudypkanuum BHUXPEBBHIX BO3MYIICHHH, T€HEPHUPOBAHHBIX
YIPaBISIOIKUM BO3J€HCTBHEM. YacToTa BO3IECMCTBYIOIIETO CHUTHAJIA COOTBETCTBOBAIM YHUCITY
Crpyxans:

Ha »Tux ’xe pHUCYHKax NpUBEIECHbI KOHTYpbl MepudepuilHOi wyacTu sapa BHUXPEBOTO
BO3MYILIEHHUS C BUJIOM B HAIPABJIEHUU BJIOJIb CTPYU K BHIXOJHOMY CEUEHUIO COILIA T.€. B IFIOCKOCTH
yz.  llpubnusutensHas  ¢opmMa  UX  IOJIy4eHa  Ha  OCHOBE  CpaBHEHHS  JIBYyX
B3aMMHOIIEPIEHIUKYJIPHBIX MPOEKUUH MIHOBEHHOM TEHEBOW KapTUHBI TEYEHMSI CO CTOPOHBI
JUIMHHOM M KOPOTKOM KPOMOK COIUIa M BU3yaJbHOI'O HAONIOIEHUS MOBEIEHUS MPOCTPAHCTBEHHBIX
npodwmieii moaHoro AasieHus. 1o pacmoyoXeHnto 3TUX MpOoQUIeH CTPOWINCH TAKXKE Pa3Mephl
BUXpeH 10 ocH, MapajuleIbHON JIMHHOM cTOpoHe coma (Z). ITo xapakTepHbIM 0COOCHHOCTSM (Ha
PUCYHKE 2 OHM BBIJCJICHBI >KUPHBIMU TOYKAMM), HAOJIOJaeMbIM B MPOPWISIX TEeMIEpaTypbl U
CKOpOCTH, MOJOMPAIUCh pa3Mephl BUXpell M0 OcH, MapajuleIbHOH KOPOTKOHM cTopoHe comia ().
Hanpumep, 1Be kpaliHue KUpHBbIE TOYKH Ha OCU aOCLHUCCHI, COOTBETCTBYIOIINE BHEIIHEW IpaHULe
KPYNHBIX BHXPEH, MOKA3bIBAIOT, YTO 3Ta I'PAaHUIA IO CBOEMY HAIIPABICHMUIO BPALIEHUS HMEET
MaKCHMaJbHYIO OTPULATENbHYIO CKOPOCTh (IIPOOYKCOBKA BHUXpS) M IPHU 3TOM CONPUKACAETCS C
OKPY>KaIOIIHM XOJIOJHBIM CIIOEM BO3AYyXa.

W3 ananusa pe3yiabTaToB HaOMIOJEHUS U (QoTorpapupoBaHUs TEHEBONW KapTUHKHU TEUEHUS
ClleyeT, uYTO  NPOMCXOTUT  HempepbiBHas  AedopMamuss  BUXPEBOrO  BO3MYIIEHUS,
COTPOBOXK/IAIOIICIHCS  CIOKHOM  TpaeKTOpue COMMKEHUS W TEpPeMBbIKAHUS €ro 4acTew,
Pa3BUBAOLINXCS CO CTOPOHBI KOPOTKUX M JUTHHHBIX KPOMOK coruta. Hannune muanmyma U /U, Ha

yuactke 0,5<y/b<1 npu x/b=4 (prcyHok 2) cBsi3aHO ¢ 00pa30BaHUEM JIOKATH30BaHHON 00JIaCTH, B
KOTOPOW JIMHEWHas CKOPOCTh BUXPs IOCIIE 3aBEPIIECHUs IPOILECCA NEPEMBIKAHUS BUXPEBOIO
IIHypa BOJM3HM OCH CTPYH M OKOHYATEILHOTO ()OPMUPOBAHUS BUXPEBOTO TOpA HAIPaBJeHA POTUB
OCHOBHOTO IMOTOKa (/IB€ >KMpHBIE TOYKM Ha YKa3aHHOM ydacTke). B KoHeyHOM cueTe 3TO u
OOBSICHAET NPUYMHY pa3pbiBa TPEXMEPHOIH CTpyW Ha TpH 4YacTH [3] mpH aKyCTHUYECKHMM Ha Hee
BozaeicTBUM. [IyHKTHpPHON MHHMENH Ha pUCYHKE 0003HauY€Hbl KOHTYPhI BBIXOJHOTO CEYEHHsI COIia
JUIsL OLIEHKH pa3Mepa U OTHOCUTENIBHOI'O PACIIONIOKEHUS BUXPEBBIX BO3MYILICHUI.

IIpn mocTymnarenpHO-BpallaTeIbHOM MEPEHOCE MHEPTHOM MAacChl, KaK 3TO MPOHUCXOAWUT B
KPYIHBIX BHXPAX, ONU3JIeXKallue 4YacTH HEMOJBMKHON OKPYXKAIOLEH XOJIOAHON KHUIKOCTH
LUAPKYJISIUEN TIEPEHOCATCS BO BHYTPh HAarpeTON CTPyH, M U3MEHSIET paclpeieIeHue TeMITepaTypbl
B IIOIIEPEYHOM HampaBlIeHUU. [Ipy aKycTHYECKOM BO3IEHCTBUM, BUXPHU YKPYIIHSACH IO pasMmepy,
emie OoJbllle YCHJIMBAIOT TaKOH MpOLIECC U B Pe3ysbTaTe MPUBOJAAT K BO3ZHMKHOBEHHUIO PE3KHX
HEMOHOTOHHOCTEH B MPO(UIIIX U3OBITOYHOM TeMIEpaTyphl.

Jlatunk TeMmnepaTypsl NpHU MEPEMELICHUU IONEpeK CTPYH PErucTpupyeT 0ojiee BBICOKYIO
TeMIIepaTypy B IICHTPAJbHOW €€ YacTH, MEHEe BBICOKYIO B (pOKycaxX KPYHHBIX BUXPEH, a MEXKIY
(boxycamu KpaiHEro Topa MMHUMYM €€ 3Ha4eHUus (XapakTepHas >KUPHas TOYKa COOTBETCTBYIOIIAsS
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y/b=1 nns X/b=4, pucynok 2). MuHuMasbHas U30bITOYHASI TEMIIEpATypa COOTBETCTBYET 00IaCTH
CTpyH, 00pa3zyeMoii mepeHocoM 0oJiee XOIOIHBIX CIIOEB BO3/yXa.

Crnieryet MMeTh BB TaKKe, YTO Ha PUCYHKe 2 IIPUBE/ICHBI cpeanue xapakrepuctuku U /U,
u T/T,, ogHaKO CpaBHEHMs INPOBOAUTCA C TEHEBOW KAPTUHOM TedeHMs, IOJydaeMoil IpH

UMITYJIbCHOM OCBEIEHHUH M COOTBETCTBYIOIEH MTHOBEHHOH (OpME BHUXPEBBIX BO3MYIIECHUH B
u3MepsieMoM cedeHud. [loaToMy mpodunu cpenHUX XapaKTepUCTHK HEOOXOAWMO paccMaTpUBaTh
KaK OCPEIHEHHOE CyMMapHOE M0JIE, CO3JaBAEMOE CPEAHUM TEUEHUEM U JBUKYIIMMUCS BUXPEBBIMU
CTPYKTypaMH, UMEIOIIUMU B Ka)KJOM CEYCHHH BIIOJHE ONpeIeleHHYI0 (OopMy ¢ COOCTBEHHBIMHU
BHYTPEHHUMHU IOJISIMU CKOPOCTH U TEMIIEPATYPBHI.

U/Up-2=3; AT/ATF2=2,66. U;=6,03 m/c; x/b=4; f=89Tu; Tp,=324K

Puc. 2. Pacnpenenenne 6e3pa3MepHOil CKOPOCTH U H30BITOYHOM TEMITEPATYPHI B TOTIEPEYHOM
CEUEHHUH TPEXMEpPHOU CTpyru. MrHOBEHHast KapTHHA OM]ypKallMy BUXPEBBIX BO3MYIIIEHUN

Takum 00pa3oM, reHepHUpPOBaHHbIE BO3JICHCTBHEM BUXPEBBIE CTPYKTYPHI B KaXKJIOM CEUCHHH
UMEIOT THUMHYHYIO (OpMY, CBSI3aHHYIO C COOCTBEHHBIM BHYTPEHHMM IIOJIEM CKOPOCTH.
HeMOHOTOHHOCTh B THPOQUISAX CPEAHUX XapaKTEPUCTUK OOYCIOBIEHBI CIOXKEHHUEM CpPEIHEro
TE€YEHUs C OCPEIHEHHBIM I10JIEM, CO31aBAEMBIM JIBIKYILMMUCSA BUXPEBBIMU CTPYKTYPaMH.
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YIHOJIIEMAI TYPBYJIEHTTIK AFBIHIHAHBIH INHAMUWKACBIHA AKY CTUKAJIBIK
OPICTIH 9CEPI

C.U. Ucataes, C.b. Tapacos, . Teseyos, M.C. UcaraeB, M.K. OcembaeBa

bepinren >KyMBICTBIH MakcaThl COIUIO JKaKTaphl KaTBIHACTAPBIHBIH ©3TepyiHiH >XoHe OacTamKsl
KBUIIAMIBIKTBIH KEH JWara3OHAapblHIAAa CHIPTKBI ocep Oap Ke3le YIIeNIeMIi aFbIHIIaHBIH OpTalia
CUMaTTaManapblH  OSKCHEPHUMEHTTIK 3epTTey IKOHE AaFbIHINAJarbl TypOYNEHTTLTIKTIH  KOTEPEHTTIK
KYpPBUTBIMAAPBIH 3epTTEy MEH OCBIHIAN KYpBUTBIMAAPIBLIH aFbIHIIAHBIH a3pPOJAMHAMHKACKIHA 9CEPiHIH POIiH
TYCIHAIpY OOJBIT TAOBLIA B,

THE EXPERIMENTAL RESEARCH OF INITIAL AND TRANSITIONAL PARTS OF THREE-
DIMENSIONAL JETS

S. Isatayev, S. Tarasov, G. Toleuov, M. Isatayev, M. Asembayeva

The work represents the results of experimental research of aerodynamics of three-dimensional
turbulent jets flowing from nozzles with rectangle outflow face. The results of measurements of middle and
pulse flow characteristics of three-dimensional jets are given. The data on axis speed and turbulence intensity
are given and an attempt to uncover their interrelation is made. The results of experimental data comparison
on axis speed attenuation of three-dimensional jets with data for axis symmetric stream are presented.
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