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IKCIIEPUMEHTAJIBHOE UCCJIEAOBAHUE TYPBYJIEHTHBIX
CTPYKTYP B CBOBOJHOMU CTPYE

Llenp nanHOW paboOTHI 3aKiIIOYaeTCs B SKCIEPUMEHTAIHLHOM MCCIIEJOBAHUU KOT'€PEHTHOM
CTPYKTYpbl TypOyJEHTHOCTH B TpPEXMEpHOH cTpye. BbulO yCTaHOBIEHO, YTO B CTPYHMHBIX
TEUYEHUSIX TMEPBOHAYAIBHO BO3HUKIINE BUXPH HE MOTYT pacmajarbcs Ha Ooiiee Menkue, a
IONAPHO B3aMMOAEUCTBYA APYr C APYroM WU CIUBasCh, 00pa3ylOT OOJBIION KOHIJIOMEpar
BUXPEH, COXPAHAIOUIMX CBOI HHJIMBUAYaJIbHOCTb IIPUMEPHO 10 3aTyXaHWs CIpyH IO
HaIPAaBJICHUIO TEYEHUS. OKCIEPUMEHTAJIbHO HAMM JOKAa3aHO, YTO MaKCHMajbHas 4YacToTa

TypOyJIEHTHBIX MyJbCallMi HE MPEBBIIIAET YACTOTY MEPBUYHBIX KPYIHOMACIITAOHBIX BUXpPEH,
00pa30BaHHBIX HA HAYAJILHOM Y4YacTKe CTPYHHOTO T€YEHUsI.

KirodeBble cioBa: 1uiockas cBOOOAHAsA CTpYsl, KPYIHOMACIITaOHBIE BUXPH,
TypOyJIEHTHOCTb, PacHpe/ieiieHue CKOPOCTH U TEMIIEPATyphbl, 1aTbHOOOMHOCTb.
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TypOyJICHTTIK, KbUIIaM/IBIKTHIH JKOHE TeMIIepaTypaHbIH Tapalybl, alIbICKA YPY.
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DKCIEpUMEHTAIBHBIMM ~ UCCIICIOBAHUAMU — ToclenHux Jier [1-2] Owwio
3aMEYEeHO, 4YTO MpPH HUCTEUEHUHM CTPYH U3 COIUIA NPSIMOYTOJIBLHOIO CEYCHUS
Pa3BUBAIOTCA npoduIn CKOPOCTH " TeMIIepaTyphl c pE3KUMU
HEPAaBHOMEPHOCTSIMHU, HECMOTPSI Ha TO, UTO B BBIXOJHOM CEUEHUHM COIIa Mpoduin
CKOPOCTH M TeMIeparypbl ObUIM paBHOMEpHBIMU. MccnenoBanus nokasanu [2-3],
4TO 9TH HEPaBHOMEPHOCTHU 00yCITOBJIEHBI BIIUSIHUEM CTPYKTYPBI
KPYITHOMACIITaOHBIX BUXPEW, Pa3BUBAIONIMXCS B HAYaJIbHOM Y4acTKe CTpyu. B
JAHHOW paboTe MPHUBOIATCS PE3YJIbTAThl AKCICPUMEHTAIBHOTO HCCISAOBAHUS
JTUHAMHUKU KPYITHOMACIITAOHBIX BUXPEH U UX JaTbHOOOMHOCTH BHU3 MO TEUCHHUIO.

OKCIEPUMEHTHI MPOBOJIUIIMCH HAa YCTAHOBKE, CXEMAaTUYHO IMOKa3aHHOW Ha

pucynke 1. Bo3ayx ot Bertmiaropa (1) moctynan uepe3 BUOporacsiuii mepexo



(2) B ycnokoutenbHyto kamepy (3), 3ateM uepe3 cetku (4) u (5) ucrekan us
comia (6) ¢ mpsIMOYToJiIbHOM (hOPMOM BBIXOJTHOTO CEUCHHUS.

KopHeBas yacTh cTpyHu pacroinarajach B paboyeil 4acTH TEHEBOIro Npuodopa
NAB-451, oOopymoBaHHOTO TakK, YTO MOXHO ObUIO HAOMIOJATh TEHEBYIO
MT'HOBEHHYIO KapTHHY TEUCHUSI.

BozneiictBue Ha CTpYyI0 OCYLIECTBISUIOCH C IOMOIIbIO jauHamMuka (7)
MotHOCTEI0 50 BT, pa3MemeHHoro B YCIOKOUTEIbHONW KaMmepe (pPOHTAIbHO K
BBIXOJJHOMY CE€YeHHIO0 CcTpyu. lIpu mnomade Ha AMHAMHUK CHHYCOUIAIBHOTO
CUTHajJa W3 3BYKOBOro reHeparopa (17) B BBIXOJAHOM CEYEHHUU CTPYHU CO3JAKOTCSA
CUHYCOUIANIbHBIE KOJIeO0aHUsl CKOPOCTH BHIOPAHHOM YaCTOTHI.

JI1st u3MepeHus CpeiHeN CKOPOCTU U TMHAMUYECKOTO JaBJICHUS MPUMEHSIIACH
TpyOKa I[Tuto (8) m muxpomanomerp (12) mapku MMH-240.

[lynbcanuu CKOPOCTH U3MEPSUIMCH JIBYXKAaHAIBHON TEPMOAHEMOMETPUYECKON
cuctemMoii (14) ¢ 7nUMHEapU30BAaHHBIM  BBIXOJHBIM  CHTHAJOM  CKOPOCTH.
TepmoanemomeTrp ObLT coenuHeH ¢ ocumuiorpadom. Ocuuiuiorpamma ImyJibCcaiui
CKOPOCTU 3aIlMChIBAJIMCh HA dKpaHe 3anomuHaromiero ociwuiorpadga CB-13 (18)
IIPU 33JaHHOM CKOPOCTH Pa3BEPTKU CUTHAIIA.

[lepemenienne TpyOku IIUTO M HaTYUKOB MO TPEM OCSIM CHUMMETPUU COILIA
OCYLIECTBJISJIOCH € TOMOILBIO TPEXMEPHOI0 KOOPAMHATHUKA.

st hopMupoBaHUST TPEXMEPHBIX CTPYH MCIOJIB30BAIMCH CMEHHBIE COILIA C
Pa3IMYHBIMU yIJIMHEHUSIMU. Y JJIMHEHUEM COILIa Ha3bIBAlOT OTHOILICHUE JUTUHBI @,
K IUpuHE b BEIXOTHOTO cpesa cormia (A = a/b).

CnpodunupoBannbie 1Mo (hopmysie BUTOMIMHCKOTO YeThipe CTOPOHBI COILIA
CHayajga MOHTUPOBAIUCH JPYr JPyry CHEHUATbHBIMU 3aKUMaMH, 3aTeM
TIIATEJIBHO MponauBaiuch. [IpsaMoyroyibHbie COIIa UMENX OJIMHAKOBYIO JUIMHY 90
MM, co creneHsMu nomkarus cx10 (¢ = F\/F,, tae F| - miomanas BXOJIHOTO
ceyeHus: KoHdy30pa; F, - MIomaas BBIXOJHOTO CEUYeHUS KOH(Py30pa), MpuyemM
3HAYEHUs IUIOIIAJIEN cpe3a BhIXO/A JIJIsl BCEX COMel ObUIA MPUMEPHO OJMHAKOBBI U
PABHOBEIUKHA TIO TUIOMIAAN KPYTJIOMY COIUTY, JHAMETP KOTOPOTO COCTaBIISI OBl

dy,=22,57 mM. B coorBercTBHM € 53TUM D(QQEKTUBHBIA TUAMETP KaKAOIO



OPSIMOYTOJIBHOTO coIia d, ObUT MNPUOJM3UTENBHO TAKUM K€, KakK JHaMeTp

KpyIJIOro coria. 31ech d, =2,/ab/n

B ombITax MCMOIB30BAIMCH COMIIA C COOTHOIIEHHEM CTOpoH: A=3; 11; 16 u
25,25 W KBaJgpaTHOE COIUIO VIS aHAIM3a OCUWIIOIPAMM Pa3BEPTKU CHUTHAJIA
MTHOBEHHBIX ITyJIbCAIIUN CKOPOCTH.

OcCHOBHBIEC U3MEPEHUS MPOBEJICHBI MPU CKOPOCTH McTeueHus u3 coruia Uy=20
M/C, UTO COOTBETCTBOBAJIO 4mcily PeiiHombaca Re = 3,25¢ 104, PAaCCYUTAHHOIO 10

ahpeKkTUBHOMY AHAMETPY.
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1-BeHTHIATOP; 2-BUOpOracAmivii nepexof; 3-yCIOKOWUTENbHAs Kamepa; 4-BbIpaBHUBAIOIINE
CeTKH; S5- HarpeBaemas ceTka; 6-coruio; 7-nmuHamuk (N=50 Brt); 8-tpy6ka Iluto; 9-naTumk; 10-
¢doropeructpatop; 11-ocBerutens; 12-muxpomanomerp mMapku MMH-300; 13-uHayKTHBHBIH
npeoOpa3oBarenb NaBieHus; 14-cucreMa TepMoaHeMomeTpudeckoro O0ioka tuna CTM-02; 15-
ctpobockon; 16-610k  ¢azoBoit  BeIOOpkH BOB-03; 17-3BykoBoii renepatop 13-34; 18-
ocruuiorpad yHuUBepcanbHbIM 3amoMmuHarommii  CB-13; 19-mpubop mist  uccnemoBaHus
KOPPEJSIIMOHHBIX XapaKTepUCTUK X6-4; 20-noreHmoMeTp AByxkoopauHatHelid [1/{114-002; 21-
aBroTpanchopmarop tumna JIATP; 22-toprioBsie mactunsbl, 23-TeneBor npubdop Termnepa NAB-
451; 24-mudepeHunanbHbIA yCUITUTENb.

Puc.1. Cxema sKkCIepuMEHTAIBHON YCTaHOBKH

B pabore [2] noka3aHo, 4TO Ipu U3MepeHuu npoduiieid ckopocTu s A=11
BJIOJIb HAMpPaBJICHUS OONBIION OCH z B IEPEXOTHOM YUYaCTKE B MPODUIISIX CKOPOCTH

HaOmogaercs "cemooOpazHocTh" Gopmbl ux pacnpeaeneHus. C mgalbHEHIITUM



YBEJIMYCHUEM 3HAUYCHHWH TMapamMeTpa A B IMONEPEYHBIX MPOQPWISIX CKOPOCTH TIO
ITOM K€ OCH YUCJIO MAaKCUMYMOB TaK)Ke yBeIWYHMBaeTcs (Hampumep, aiia A=16
YHUCJIO MAKCUMYMOB PaBHBbI 3, a U1t A=25 3TO YHUCIIO COCTABIISIET 5).

OTu pe3ynbTaThl, KaK MOKAa3bIBAET BU3YaAJIbHOE HMCCIEAOBAHUE C MOMOUIBIO
TEHEBOro NpuOOpa, B OCHOBHOM CBSI3aHbl C BO3HHMKHOBEHHEM U JaJIbHEUIIUM
Pa3BUTHEM 3aMKHYTBHIX KPYITHOMACIITAOHBIX BUXPEU, TMHAMUKA KOTOPBIX 3aBUCUT
OT mapamerpa A.

JleficTBUTENBPHO, BU3YaJIbHBIM HAOJIOJICHHEM C TOMOIIBI ONTHYECKHUX
pruOOPOB KapTUHBI UCTCUCHUS U3 COILIa MOJOTPETON CTPYH YCTAHOBJICHO, YTO B
30H€  CMEIIEHUA  TYpOYJEHTHOM  CTpyu  0OpasyloTcss  NEPUOJUYECKUE
KpyITHOMACIIITaOHbIE BUXPH, KOTOPBIE C yAAJICHUEM OT Cpe3a COIia HEMPEPHIBHO
nedopMUpyIOTCS.

Pe3ynbTaThl MOKa3bIBAIOT, YTO HEPABHOMEPHOCTHU, KOTOPBIE MOSBISIOTCS B
npoHIIIX CKOPOCTH, COXPAHSIOTCS 1O Hadajga OCHOBHOTO YydacTka. MOXKHO
MPEANOJIOKUTh, YTO, €CIH MHPUPOTY BO3ZHUKHOBEHHUS TaKUX HEPAaBHOMEPHOCTEU
CBSI3aTh C JMHAMUKOM KpPYMHOMACIITAOHBIX BHUXPEH, TOTIa TaKhe KpPYIHbIC
00pa3oBaHMsI TOXKE JIOJDKHBI COXPAHUTh CBOIO HMHAMBUAYATbHOCTH Ha OOJIBIINE
pacCTOsHHUSL.

B pabote [1] nmpeacraBiieHbl pe3yabTaThl U3MEpeHUu oceBoi ckopoctu U, B
CTPYAX, MCTEKAIOIUX M3 COMENI C pa3IuYHOW BETWYMHOW A, MPU CKOPOCTH
ucreuenust Uy=20 m/c.

AHallu3 J@HHBIX TOKA3bIBAE€T, UYTO C POCTOM A MPOUCXOAUT MOCTEINEHHOE
W3MEHEHHE JJIMHBI HA4aJIbHOTO U MepeXoaHoro yyactkoB. C yBennueHueM A 6osee
YETKO BBIJICISETCS YYacTOK TEYEHHUs, B KOTOPOM TeMm YOBIBAaHUSI CKOPOCTH
3aMeJUIsIeTCs, a 3aTeéM BHOBb Bo3pacTaeT. OHa pacroyaraercsi Mexay y4acTKOM,
IZ€ CKOPOCTh HM3MEHSETCS KaK B IUIOCKOM CTpye (Um/U0~x'0’5) Y y4acTKOM, Ha
KOTOPOM CKOPOCThH yOBIBA€T KaKk B OCECUMMETPUYHON CTPYe (Um/U0~x'1). Kak u B
IpeabIAYyIeM CiIydyae C HEPaBHOMEPHOCTHIO B TMOMEpEeYHOM (OCh z) mpoduie

CKOpOCTH, U B JAHHOM CJIy4ac O6p330BaHHbIﬁ Y4aCTOK IPOCTHUPACTCA O Haydalla



OCHOBHOTO y9acTKa. MOKHO TPEIOJIOKUTh, 9TO BOZHUKHOBEHHUE 3TOTO A dekTa
TOXKE CBSI3aH C JUHAMUKON KPYITHOMACIITAOHBIX BUXPEH U UX JaTbHOOONHOCTHIO.

B HacTosimiee BpeMs YCTAHOBJIEHO, YTO IMPU BBICOKOM CTENEHU MOKaTHs
colula Ha BBIXOAE M3 COIUIa MPAKTUYECKU BCErja IOJy4YaeTcsl JaMUHAPHOE
teueHue. [locie BbIxola M3 comia B CBOOOAHOW TpaHUIIE CMENICHUS MOTOKa
TEUCHUE HEYCTOWYMBO M OOpa3yloTCs KOTEPEHTHBIC ITUCKPETHBIC BUXPH, B
Mpolecce NAIbHEHIIEro pa3BUTHS  KOTOPBIX  YCTAHABIMBAETCS  Pa3BUTOE
TypOyJIeHTHOE TeueHue CcTpyd. Jlo mociegHero BpeMEHH CUYUTANOCh, YTO B
pe3yabTare B3aUMOJCUCTBUS APYr € JpyroM u Ojarojaps cujiamM TpEHUs
nepBOHAYAJIbHbIE BUXPHU pacnanaioTcs Ha Oosiee Menkue. YHciio ux HernpepbIBHO
pacTeT U B KOHEUHOM UTOI'€ YCTAaHABJIMBACTCS Pa3BUTOE TypOyJIECHTHOE TEUCHHE C
MEJIKOMACIITAOHBIMUA BHXPSIMUA C YaCTOTAMH HAMHOTO OOJBIIMMH, Y€M YaCTOTHI
NEepPBOHAYATILHO 00PA30BABIINXCS BUXPEH.

Onnako pe3ynbTaThl MCCIEIOBAHUM MOCIEAHUX JIET MOKa3alid, 4TO 3TO HE
COBCEM BEpHO. BbLIO yCTaHOBIIEHO, UYTO B CTPYHHBIX TEUYEHUSIX IMEPBOHAYAIBHO
BO3HUKIIIME BUXPU HE MOTYT pacnajgaTbcss Ha Oojee MeIKue, a MOoMapHo
B3aMMOJICUCTBYS JIPYT C APYIOM U CIUBAasACh, 00pa3yrOT OOJBINONW KOHTJIOMEpaT
BUXpEH, KOTOpbIM MoOxeT coctosith u3 10 u Oojee MEpPBUYHBIX BUXPEH,
COXPAaHSIIOIIUX CBOK MHAWBUIYATLHOCTh B COCTABE KOHIJIOMEpAaTa J0 pacCTOSIHUM
6onee 100 kanmuOpOB 1O HANPABICHUIO TEUCHHUA. OKCIEPUMEHTAJIBLHO HaMU
JIOKa3aHO, YTO MAaKCUMAaJIbHasl 4acTOTa TypOYJIEHTHBIX MYJIbCAllUi HE MPEBBIIIACT
YaCTOTY NMEPBUYHBIX KPYMHOMACIITAOHBIX BUXpPEH, 0OPAa30BaHHBIX HA HAYAILHOM

y4acTKe CTPYHHOTO T€UCHHUS.
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EPKIH A'BIHITAJIAT'BI TYPBYJIEHTTIK K¥PbIJIBIMIAP/IbI
IKCIIEPUMEHTTIK 3EPTTEY

JKyMBICTBIH ~ MakcaThl — YIIONIIEMAl  aFbIHIIAaFbl  TYpPOYJEHTTUTIKTIH  KOTEPEHTTIK
KYPBUIBIMAAPBIH, OJApIbIH QJBICKA TapayblH OJKCHCPUMEHTTIK 3epTTey. AFBIHIIAIBIK
arblHIapaa OacTanKbl TybIHAAFaH KYHBIHAAPIBIH YCAKTANbIN bIIbIpan KETHEHTIHIIT, ai
KOCaAKTaJIBIT O01p-0ipiMEH ocepiiece OTBIPHII XKOHE KOCBUIBII, aFbIC OAFBITHIHIA aFbIHIIA IIIAMAMEH
OIIIKeHTe IICHIH ©631HIH MHAWBHUIYAIUIIIH CAKTANThIH, KYHBIHIAPIBIH YJIKEH KOHTJIOMEpAaThIH
KYPaWTHIHBI OPHATHUIABL. TYpOYJICHTTIK MyJIbCAIUsUIAPABIH MAaKUCMAJIi JKULIIT], aFbIHITaAHBIH
OacTtamnkpl OeniMIIeciHIe TyBIHAANTHIH OIpIHII PETTIK ipiMacITaOThl KYHBIHAAP/BIH KULUTITIHEH
apTIANUTHIH/IBIFBI SKCIICPUMEHT KY3IHC TOICIACH]II.

Isatayev S., Toleuov G., Isatayev M., Esenalina K., Bolysbekova Sh.
Al-Farabi KazNU, Almaty

EXPERIMENTAL RESEARCH OF THE TURBULENT STRUCTURE IN A
FREE JET

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.
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