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Busnaueni s3anesicnocmi koeghiyienmie ciopasniunozo onopy 8io uucen Peilinonvoca npu oomikauni nogimpam Haniec@epuutux i

YUTTHOPUYHUX 3A2TUOUH 0eKITbKOX PO3MIDIB.

Hydraulic resistance coefficients dependences from Reynolds numbers were experimental determined under flowing of cylindrical

and semispherical dimples of different depth.

Bcemyn

XBUIbOBI 30ypeHHSI MEPCHEKTHBHI JUIS 3MEHIICHHS
T1IpOaKyCTHYHOTO IIyMY, 3HIDKEHHS T1APaBIiqHOTO OTIOpY,
iHTeHcHdiKamii Termo- 1 MacooOMiny. OHUM 31 coco0iB
YTBOPEHHs KOJIMBaHb TMOTPIOHOI YacTOTH 1 aMIUTITYIu €
OOTIKaHHSI TIOBEPXOHb 3 3amIMOMHaMHU. Taki MOBEpXHi
3yCTPIiUalOThCsl B JIITANBHUX amaparax, IMiJBOAHUX Ta HaJ-
BOJHHX CYIHAX, TETUIOOOMIHHUKAX.

Mema podomu

Metoro poOOTH € OIliHKa Pi3HUX CIOCO0IB IHTEHCH-
¢ikamii TemaooOMiHy Mpy OOTiKaHHI TOBITPSAM HamiBcde-
PUYHUX 1 HATIHIPUYHUX 3aITMOUH Pi3HOTO PO3MIpY.

B nmaniif po0OoTi mociKyBaIiCh OOTIKaHHS HaIliBCde-
PUYHUX 1 MIJTIHAPUYHAX 3aDMHOMH PI3HOT IHOWHM, SKIIO
B HHX CIIOCTEpIraliuch pexuMu migkoBomoaioHoro (HS) i
croBnonoaioHoro (R) Buxopis [1,2].

Ananiz cmany 0ocnioxyicens

Tegisim Oinst TOBEPXOHP 3 3aITMOMHAMHE TIPUCBSIYCHO
Oararo poOiT, B AKHX PO3IISTHYTO BEJIMKE PO3MAiTTs (GopMm
TiJ, MO OOTIKAIOThCS, YMOB BHHUKHEHHS PI3HUX THIIIB
BHXOPIB, iX B3a€MO/IIi 31 CTIHKOIO 1 MixK co0010 [1-5].

B Toli xe yac aKTyalbHUM 3QJIMIIAETHCS CTBOPEHHS
0a3u aHUX BIAHOCHO XapaKTEPHUCTHK IOJMIB MIBUAKOCTEH 1
THUCKY, K B 3aIJTUOMHAX, TaK 1 B IX JOBKIULII.

B camiil nuninapuyHii 3armuOuHI, SK 1 B 3aTHOWHI,
mo Mae ¢GpopMy CPEpUIHOTO CETMEHTY, CIIOCTEepIraroThCs
HacTynHi kKaptuay Tedii [1]. [lpu Manux mBHIKOCTSIX Tewis
Mae Oe3BinpuBHUI IH]y30pHO-KOH(DY30pHUI XapakTep
(N). JTinii Teuii Oi1s1 3arTMOMHA BUKPUBIIIOIOTHCSI B CTOPOHY
3arIMOMHH.

[Ipu 30imbIIEHHI WIBUAKOCTI OiIs BXIiJHOI OKpai-
KH TIOTIK BiJpUBA€ThCS, a B 3aTMOWHI  YTBOPIOETHCS
TTiTKOBOITONIOHUN BUXOP, KiHITI STKOTO OTIMPAIOTHCS HA O1UH1
CTIHKM 3arTMOMHU 3 JIBOX CTOPIH IUIONMHM CUMETpIi 3a-
rouaK. [TpumekoBuil map Haj 3aIMOMHOIO TIEPIOIUYHO
3TOPTAETHCS, BIJPUBAETHCS 1 TEPETBOPIOETHCS B CTEKKY
Kapmana. [1pu 3011bII€HH] ITBUAKOCT] YaCTOTA BiIPHBAHHS
BHXOPIB 3pOCTaE.

I, HaperuTi, npu 11e OUTBIININA MIBUAKOCTI OJIMH 3 KiHIIIB
i IKOBOTIO/IIOHOTO BUXOPY IMiJTHIMAETHCS HAJ| 3arTHOWHOO,
mepeTBoproounchk B croBmomoniouuii (R). Bepxmus ioro
JacTHUHA 3HOCHUTHCS TTOTOKOM 110 Tedii. [looskeHHsS BUXOpPY
HECTIiHKe 1 10ro HMKHIN KiHeIb MOXKe ITePeCKaKyBaTH 3 JIiBOT
YaCTUHM 3arTMOMHM B TpaBy 1 HaBmaku. KpiM mopiBHSHO
MOBUTBHUX TIEPEMIIIeHb 3 OHO{ TIOJOBHWHHU 3arTHOWHU B
1HIITY, BUXOP KOJIMBAETHCS 3 BHCOKOKO YaCTOTOIO TOTIEPEK
CBOET O30BXKHBOI oci. [lap Hax 3arIMOMHOIO 3 YACTHHOIO
CTOBIOINOAIOHOTO BUXOPY BiJPUBAETHCS 1 yTBOPIOE BUXPOBY
CTEXKY.

Pi3ka 3miHa reoMeTpii MOBEpXHi IIPH JJOCTATHHO 3HAYHIM
HIBUJKOCTI MOTOKY Ha MEPEHLOMY KPato 3arIMOMHU € TPH-
YMHOIO YTBOPEHHS 3CyBHOro mapy. LIBuakicTe B 1bOMY
Iapi 31 CTOPOHU 3arTMOWHU MEHIIA HiXK 31 CTOPOHH OCHOB-
HOTO TOTOKY. ToMy Ha mesKiii BifcTaHi Bl MiCI BiIpUBY
B 3CYBHOMY IIapi IOYMHAIOTH YTBOPIOBATHCS BUXOPOBI
CTPYKTYPH, $IKi TOBTOPIOIOTHCS 1 BHXOISITh B OCHOBHHM
noTik. BHaciIoK pi3HHMIN MIBUIKOCTEW Ha 000X CTOpPOHAX
3CYBHOTO IIapy BiH BIIXWJISETHCA B CTOPOHY 3ariIMOWHUA i
JacTHHA HOTO HATHKAETHCS Ha 11 3aHIO (KOPMOBY) CTIHKY.
Micre ynapy € JpkepenoM 3BYKOBHX KOJHMBaHb. SIKIO ya-
CTOTa $5IKO1 HeOyIb FapMOHIKM LUX KOJHMBAaHb CIiBIANAE 3
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YacTOTOIO CXO/PKEHHSI BUXPOBUX CTPYKTYP 3CYBHOTO IIapYy,
Il ABa SBHUINA MOYMHAIOTH ITACHIIIOBATH OOWH OIHOTO
[3] [4]. Ocumnsiiii TOTOKY BCEpeArHI i MOOIH3Y 3arTHOuHU
MOJIUISIFOTh HA HACTYIIHI KiacH [S].

1.) TigpomuHamiuHi KOJIMBaHHS, $IKI BUHUKAIOTh B
pe3yibTaTi HEeCTIMKOCTI 3CYyBHOTO Imapy. BoHM MOXYyTh
ITiICHJTIOBATUCH B3a€EMOJIIEI0 3 BUXPOBUMHU CHUCTEMaMH, SIKi
(hopMmyroThCS BeepeauHi 3arTHONH 1 YTBOPIOIOTh BUKUAW B
MIPUMEKOBHUH 1Iap.

2.) Ocumssiiiii, BUKJIHKaHI B3aEMOJIIEI0 CTOSYUX XBUIIb
TUCKY B 3arIMOMHI 1 aKyCTUUHUX XBHJIb, BUIIPOMIHIOBAHUX
3 MiCIIb Pi3KOi 3MiHU TPOQIITIO TOBEPXHI.

3.) Ocmunii, moB’s3aHi 3 TiAPOTPYKHICTIO, KOJIH
KOJIMBaHHS TBEPAMX TPAaHUIb 1HIYKOBaHI BUXOpaMmH, SKi
B3aEMOJIIFOTh MIXK COOOI0, 1 aKYCTHYHUX XBHJIb 13 TBEPJIOO
MoBepXHEIo [4].

3BYKOBHM THCK, SIKHI BUIIPOMIHIOETHCS 3arTMOMHAMH,
3MEHIIYETHCS 3 POCTOM TOBIIIMHU MPUMEKOBOTO mapy [7].

IcHy€e po3B 30K TSI IPOCTOTO TAPMOHITHOTO OCITHIIS-
Topa l'enpmronbna [3], SKUM MOXYTh OyTH SIK IIMITIHAPAYHI
3arIMOMHM, Tak 1 3amMOMHU B (OpPMI CETMEHTY cgepH.
BrnacHa yacToTa TakMX pE30HATOPIB @ 3aJIEKUTh Bij
IIBUJIKOCTI 3BYKYy ¢ B CEPEIOBHIII, 10 3aIIOBHIOE Pe30-
HaTop, Horo o0’ema V, Turomii ropia pe3oHaropa s i Horo
e(heKTUBHOT TOBXUHH L .

o=c(s/L-V)"3 (1)
i (S e(i)eKTI/IBHa JAOBXXHWHA ropjia pe€3oHaropa
L =l+drn/4 (2)

ne [ - MoBXHUHA ropiia pe3oHaropa, d — JliaMeTp ropia pe3o-
HarTopa.

B npunymiensi, mo HamiBcepruyna abo MTiHIpUIHA
3armuOnHa, TUOWHA SKOi JIOPIBHIOE pajiycy MHIIHJpA,
ABJIAIOTH CO0OI0 pe3oHaTopu [enpMroibpna 3 MIMPOKUM
rOpJoM 1 BIJMOBIAHUM 00’€MOM, YaCTOTH KOJIMBaHb f MpH
cTaliii TeMneparypi MOBITpS OydyTh 3aJie)KaTH TiTbKH BiJl
JiameTpiB 3aruOuH d.

st HaniBcepuyHUX 3arInOUH

£-106,43/d 3)

JUis MIiHAPUYHUX 3arTMOWH 3 BiJHOIICHHSM TIIMOMHU JI0
niamerpy h/d= 0,5

£.-86,9/d (4)

B nmpomegeHmX mochmimaxX BKHBAIUCH 3arTHOWHH
niameTpoMm 3MM. BiAmoBigHO, 4acTOTH TpU MaKCHUMallb-
HUX IIBHJIKOCTSIX IMOBITPsS 3a HamiBchepHUHMMHU 3arTHOH-
HaMu nepeBaxno Oymu f = 35,4 ', a 3a LMIIHIAPUIHUMA
fc =29 T'n. Pi3HuIIO B yacTOTax MOXKHA IOSCHUTH THM,
IO TIPY OJHAKOBOMY JiaMeTpi ropia IMHIIHIPUYHI 3ariu-
OMHU MarOTh TPOXH OLTBIIHKN 00’€M, HiXK HamiBCchepudHi.
KoediuienT TeriooOMiHy 3a LMWIIHAPUYHUMHU 3ariuOnHa-
MU TP OJTHAKOBHX 1HIIUX YMOBAaX MepeBulrye koedimieHT
TEIIOOOMIHY 3a HaIMBCHEPUIHUMH 3arTHONHAMHU.

3anexxHocti uncen Crpyxans Bin umcia PeliHonbaca
JUIL TaKUX PE30HATOpiB OyayThb OOEpHEHO MPOMOPIiiHI
HIBUJKOCTI TMOTOKY. B 3ammOuHax, NnepcrneKTHBHUX IS
iHTeHcudikanii TermnooOMiHy, yHpaBiliHHS BiIPHUBOM II0-
TOKY, TIOKpAIIEHHS 3MIIIyBaHHSA 1 IHIIMX 3aCTOCYBaHb
BiTHOIIIEHHSI NTMOWHU 3arTTHOWHU 10 ii liaMeTpy He TOBUHHI
nepesuirysatu 0,5.

Juis OUIbIIOCTI MPAaKTUYHHUX 33434 aKTyaJbHUMH €
HU3bKOYACTOTHI KOJIMBaHHS, MOB’s3aHi 3 BUHUKHEHHSM B
3amIMOMHAX BUXPOBUX CTPYKTYp. [Ipu qocTarHbo BenuKii
wBuakocTi (Re,>120) motik, mo oOTikae 3armuOuHy, He
MIPUENHYETHCS M0 AHA 3armuowam [8]. Ilicisa ymapy o0 3am-
HIO CTIHKY 3aIJIMOMHM YaCTHHA IOTOKY MOBEPTAE B 3aryIH-
OWHY, YyTBOPIOIOUH MTOPIBHSIHO CTIHKY BUXPOBY CTPYKTYPY.

[IIBuAKICT, HA 30BHINIHIA TPaHUI TPHUMEKOBOTO
wapy uiei crpykrypu U, mocriiina i nopisnioe U, = 0,4U, e
U — mBuzkicth B sapi notoky [9]. Ilepioa BukumiB pedo-
BUHH 3 3alIMOMHU MOXHA OIlIHUTH, PO3PaxXOBYIOYH dac,
NOTPIOHUK ATl MPOXOKEHHS TMOPLisIMH Ta3y BCiX 4Ya-
CTHH TPaeKTOPii pyxy, BPaXxOBYIOUH, IO HaJ 3arTHOWHOIO
IBUJIKICTh TOTOKY — U, 'y BHYTpilHii qactuni - U . SIkmo
JIOITyCTHUTH, 10 BUXPOBA CTPYKTYypa 3aiiMae BCIO 3arTHONHY,
gucio Crpyxans (Sh=f d/U) nns HamiBcpepudIHOi 3ariu-
ounu Oyne mopiBaroBatH Sh=0,203, a mIsa TUIIHAPUIHOT 3
BiTHOIIEHHSIM IMUOMHU 110 Aiametpy h/d= 0,5 — Sh=0,166.

[HIy OIIHKY 4YacTOTH MyJbcallii B LWIIHAPUYHIHA
3armOuHI poOIIATE 1o popmyii Poccitepa (5).

f=mU/d(M+U/c))], (3)

Je m — HOMEp MOmU KoiuBaHb, M - uucio Maxa,
¢, — WIBMJKICTb XBHUIIi, KA PO3MOBCIOIKYETHCS BIIEPEL.

3anexuicte umcna Crpyxams Bim unciaa PeiHONb-
Jca HEMOHOTOHHa. B paiioHi icHyBaHHS B 3arIHOMHI
migkoBonioniOHoro  Buxopy uucna  Crpyxaiast — npu
30ipITIeHH] uncen PefiHombaca pocTyTh, a B 30HI iCHYBaHHS
CTOBIOMNOAIOHOTO BUXOPY — 3MEHIIYIOThCS. Bei mepii moan
KOJIMBaHb HE 33/I0BOJIBHSIOTH KPUTEPItO CTIHKOCTI (6) 3CyB-
Horo wapy [12].

[loniOna HeMOHOTOHHA 3ajexHICTh uncna CTpyxans
BiJl uucia PeifHoibaca onepkaHa 1 i JPIOHMX 3ariu-
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OuH B BHIMIAII chepwuHUX cerMeHTiB. llojmoxkeHHsS Mak-
CUMYyMYy 3MillleHEe B CTOPOHY Oinbmmx uyucen PeiiHonbaca,
a cami uymncna Crpyxais NHepeBepIIyIOTh BIIMOBITHI ISt
HariBcpeprnaHuX 3armonH B 1,1 — 3 pazm.
3nauenHa uucen CTpyxans B eKcIepUMeHTax Oinst

HamiBcpepruyHUX 3amIMOMH Yy PI3HHX aBTOPIB CHIIBHO
BiIPI3HSIOTECSA. Lle MOYKHA TTOSICHUTH THM, IO B 0araTrbox
eKCIepuMeHTax (iKCyBaJIMCh JIMIIE YACTOTH 3 MAKCHMAaJlb-
HOIO €HEPTi€I0 KOJIUBAHbD.

KpiM Toro, momiTHMI BIUIMB Ha iHTeHCH(IKAIIO
TEm1I000MiHY BUSIBIISIE TOCTPOTA OKPAOK 3arTHONH.

Haii0inb1 HU3bKOYaCTOTHUMU BUSIBIISIIOTHCS KOJMBAH-
Hsl, BUKJIMKaHI BUKUAAMH PEYOBUHM 3 3arinOuH. [lomiOHi
YacTOTH CIIOCTEPIraloThesl B CTEXKII BUXOPiB, IO Haramy-
10Th cTexKy Kapmana. KonuBanHs 3cyBHOrO 1apy Haj 3a-
THOWHOKO KOPEJIOIOTh 3 pe3ynbraramu Kikaaaze ta in. [13].
KonuBanusi, moB’si3aHi 3 00epTaHHAM BHXOpY B 3alIHOMHI
TPOXH BIAPIZHAIOTHCA Bill pe3ynbTaTiB Bockobiitauka [10].
Bucoki 4acTOTH MOSCHIOIOTHCS SIK PE3YNIbTaT yAapy B KOp-
MOBY CTiHKY 3ar;THOWHH.

Memoou docnioxncens

Jocainm BUKOHYBaJdMCh Ha aepoOAMHAMIYHOMY CTEHII
ITT® HAH VYkpainu. [loTy>KHuil BeHTUIATOP 3aCMOKTYBaB
TIOBITPS 3 EKCTICPUMEHTAEHO1 KIMHATH, 7€ T ATPUMYBajach
Maibke mocTiiiHa Temneparypa. [lepex Tum, sk momacTtu B
JOCIIHY JUIBHUIO MOTIK MPOXOAUB CEHCOPH MPHJIAJIiB
BHUTpaTH, BTPATH THCKY 1 XOHEHKOMO, Ji¢ BHIMIipIOBajach
Horo BuTpara, nepenaj TUCKY, a Mpodiib HOTro MBUAKOCTI
KOPEKTYBAaBCHI.

[ToxuOKkM BHMIpIOBaHb XapaKTepHUX MapaMeTpiB
JOCHiIiB He epeBepuryBanu 12%.

2. Pe3ynomamu 00cnioicens

Uncna Crpyxans BiANOBiNAlOTh TapMOHIKaM 3
HAUOUTBIIMMK aMIUTITyJJaMH KOJIMBaHb IS 3arTHOWH 3
po3mipamu C=0,5;0,3418;0,2215. (KosuBaHHsI BiAMOBIAHI
XapaKTepPHUM 4acTOTaM CaMOr0 KaHaJy He BPaXxOBYBAJIHCh. )

J1y1s po3IIMpeHHs [iara30Hy MOPiBHIHB KOMIT FOTEPHUX
PO3paxyHKiB 3 €KCIIEPUMEHTOM OyJI TIPOBEACHI TOCTiIH 3
MaJICHBKHM OTBOPOM B JIHI HWJIIHAPUYHOI 3ariMOWHH. 3a-
CTOCYBaHHSI Ha JIHI 3aTJIMOMHU OChOBOT ITOPOXKHUHU MTPU3BE-
JIO 710 TIOSIBA CYTTEBOI Pi3HMIN YacTOT KOJIMBAaHb HOCOBOI i
KOPMOBOT YaCTHH 3arJIMOMHU.

IIpu yncnax PeitHompaca 6impmux 14000 pisHHATIST Mik
4acTOTaMU KOJIMBAaHb HOCOBOI, KOPMOBOi i OOKOBOI TIOBEp-
XOHb 3aINIMOWHU 3HAXOJUTHCS B MEXKax MOXUOKU OCIHITY,
a 1X 3HaueHHsS BIANOBia€ 9acToTi oOepTaHHS BHXOpa B
3armuOuHi. HaliMeHini 3HaueHHs kKoe(illieHTIB Ormopy 3Ha-
XOMIATHCS B POMIXKY BiTHOIIICHD ITTHOWHU 3arTMOMHU /10 11
niametpy 0,75 > h/d >0,34 (puc.1).

3acTocyBaHHS OCHOBOTO (KOHIYHOTO) 3ariMOJICHHS B
LEHTPI IIOCKOTO JTHA 3arIMOMHNA 3MEHIIMIIO aMILTITYIH KO-
JIMBaHb Ha Oro OOKOBHUX CTIHKAX B 5,5 - 7,5 pa3u, B HOCOBIi
YaCTHHI 3arTMOnHU — B 4 — 6 pas, a B KOPMOBIiil — B 2 pa3m.

3HaueHHA KOE(IUi€HTIB OMOpY OUIBHUI KaHaly 3
MATIHAPUYIHOIO 3arTHOMHOI0 Pi3HOT TIIHMOWHU TIPU BEIH-
kux uucnax Peinombaca (Re, > 25000) posmoxinsrorses
y BiamoBigHOCTI 3 pesynbraramu Birxapra [8]. Haiimenmi
3HAYEHHs BIANOBINAOTHL 3arIMOWHI 3 BIJHOLIEHHSAM IVIH-
ouman go miamerpy C = 0,3418. Benukoro 3meHIeH-
HSl TiOPaBIiYHOTO ONOPY IS «HAATHOOKHUX» 3arinOWH
(h/d = 0,7532) He criocTepiraaoch.

1,5
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Puc. 1. 3anexcnicmo Koegiyicumy onopy pooouoi oinbnuui 3 yuAILOPUUHON 3A2TUOUHOIO 6 8i0 YUCIA

Peitnonvoca npu 0exinbKkox 3HaueHHAX IOHOWEeHHA 2TUOUHY 3aziudunu h 0o it diamempy d.
1-h/d=0,5; 2 — h/d=0,7532; 3— h/d= 0,3418; 4— h/d= 0,2215
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Ha pwuc. 2 mokazano $HoTo BXigHOI YaCTHHH TOHKOL
TpyOKH, Ha 30BHIIIHIA MOBEPXHI SKOi YTBOPEHO CHUCTEMY
HMTIHIPUYHUX 3aDIMOMH JIIaMETPOM 3 MM, a 3HU3Y TpyOKa
00IrpiBa€ETHCS TOIYM SIM METaHY, III0 TOPUTH.

BuHo OinbIl HArpiTi rpaHMIll BXiTHUX OTBOPIB 3ariiu-
OuH 1 (4epBOHUIA KOMip). 30HY MOBHOTO TOPiHHS 2 (OMaKUT-
HAa); J1Ba SI3MKa TIOIYM sl 3 HEZIOIKOM KHCHIO (KOBTI - 3).

Mix rpaHULSMH 3aTMOMH, HATPITUX 10 TEMIEpaTypu
800 °C, (1- yepBOHHM KOJIip) BUIHO TEMHI JOHHI MOBEPXHi
3amIHOWH, MO CBIMYUTH MPO TE, MO IMOTOKH rapsdoro raszy
HE JIOXOJSTh A0 JIHA 3arTHONHH.

41ToniOHi pe3ynbraTd AJsl HIIMX PO3MIPIB 3arIMOUH
Oyro oxmepxkaHo i B podotax [14, 15].

Bucnoexu

ExcriepuMeHTaIbHO OAEP)KAaHO IOKa3W BUHUKHEHHS
pu 00TiIKaHHI MWITIHIPUYHUX 3aITUOWH KOJIMBAHb 3 4aCTO-
TaM¥, IPUHAWMHI B TPHOX Jliara3oHax.

Jliama3oHn MOXXHa TTOCTAaBWUTH Y BiINOBIIHICTh 3 SBH-
LIaMH, 10 BUHHUKAIOTh NPHU yaapi MOTOKa 00 KOPMOBY ya-
CTHHY 3arTMOMHU, 00epTaHHI BUXOpa B 3aIVTMOMHI 1 BUKHIA-
MU PEUOBHHHU 3 3aITIMONHH.

Haiimenmnii koedilieHT onopy onep»aHo B 3ariuou-
Hax 3 BIAHOIIEHHSAM INMHOWHH 3arMOMHU 10 ii JiameTpy
h/d = 0,3418.

[IporHo3u BiZHOCHO MAaJOrO TiAPABIIYHOTO OMOPY
3arIMOMH 3 BIJHOCHOK TJIMOMHOIO, Oimbmoro HiX 0,5 He
i ITBEPAMITUCH.

[IpuenHanHs 10 TOHHOT YaCTHHU 3anIMOMHH JO/IATKO-
BHX TIPYXHUX 00’ €MiB, HaBiTh HEBEIIMKUX PO3MIPiB, MOXKE

NPUBECTH JI0 iICTOTHOTO JeMIi()yBaHHs KOJHBAHb 1 3MCH-
IICHHS T1IPaBJIIYHOTO OIOPY.

OpHiero 3 MPUIHH Pi3HOI iHTeHCH(DIKAITiT TEI00OMIHY
3 JIOTIOMOTOI0 3aITHUOMH MOKe OyTH B3a€MOJisl 3BYKOBHX 1
TICEBJI0 3BYKOBUX KOJIMBAHb 31 3CYBHUM IIApPOM HaJ| 3ariiu-
OMHOTO.
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The purpose of the work is to evaluate the intensification
of’heat transfer using various types of recesses when air flows
around heat transfer surfaces with possible minimization of
pressure losses.

The creation of compact devices for space and the
armed forces requires solving similar problems. One of the
proposed methods is the use of recesses on streamlined heat
transfer surfaces.

This paper presents the results of experimental studies of
flow around surfaces with depressions. Two types of recesses
were considered: cylindrical and hemispherical segments.
The influence of flow velocity on the formation of vortex
structures when flowing around surfaces with depressions
was studied. It was shown that at low speeds the flow has a
diffuser and confuser character. As the speed increases at the
inlet edge of the notch, the flow was been interrupted and a
horseshoe-shaped vortex was formed in the notch. In this
case, the boundary layer above the depression periodically
collapses, and its lower end jumps from one half of the
depression to the other, breaks off and turns into a Karman
trace. With a further increase in speed, one of the ends of the
horseshoe-shaped vortex rises above the depression, turning
into a columnar one.

The nature of the flow over the depression was been
analyzed. It was been noted that part of the shear layer is
deflected towards the excavation and hits its rear (aft) wall.
The location of the impact is the source of sound vibrations.
It was shown, that when the frequency of any harmonic
of these oscillations coincides with the frequency of shear
layers vortex structures, these two phenomena begin to
reinforce each other. Flow fluctuations near and inside the
excavation could be divided into classes.

1. Hydrodynamic vibrations arising due to the instability
of the shear layer.

2. Oscillations resulting from the interaction of standing
pressure waves in the depression and acoustic waves emitted
from places where the surface profile changes sharply.

3. Oscillations, when a sharp change in the shape of the
surface causes the formation of vortices.

It was shown, that the sound pressure caused by the
presence of depressions decreases with increasing boundary
layer thickness.

References 15, figures 2.

Key words: cylindrical dimples, semispherical dimples,
pressure pulsations, Reynolds number, hydraulic resistance,
frequency, Strouhal number, Mach number.

1. Kovalenko G. V., Khalatov A. A. [Boundaries of flow
regimes in depressions on a flat surface having the shape of
spherical segments] // Applied hydromechanics 2008 No. 1,
P. .23-32 [in Rus].

2. Turik V.N., Babenko V.V, Voskoboynik V.A.,
Voskoboynik A.V. Vortex motion in a hemispherical dimple
on the surface of a streamlined plate // Newsletter of NTTU
"KPI". Machine building. 2006. 48. P.79,-85. [in Rus].

3. Blokhintsev D.I. [Acoustics of an inhomogeneous
moving medium]. M.: “Nauka”, 1981. [in Rus].

4. Voropaev G. A., Voskoboinik V. A., Voskoboinik A. V.,
Grinchenko V. T, Isaev S. A., Rozumnyuk N. V. Sources of
pseudo sonic pressure pulsations in flow around a spherical
hole // Acoustic Bulletin. 2008. V.11, No. 3. P. 27 — 49.

5. Rockwell D., Naudascher E. Rewiew — Self-sustaining
oscillations flow past cavities// J. Fluids Eng- 1978.-100,
No. 2.-P.152-165.

6. Foley A.W., Hove M.S., Brungart T.A. Sound generated
by a jet-exited spherical cavity // Journal of Sound and
Vibration. August 2008/ V. 315, Issues 1-2. pp. 89 — 99.

7. Ahuja K., Mendoza J. Effects of cavity dimensions,
boundary layer and temperature on cavity noise with
emphasis on benchmark data to validate computational
aeroacoustic codes//NASA CR.-1995.-N 4653-P. 1-284.

8. Schlichting G. [Theory of the boundary layer]. M.:
“Science”, 1969. 742 p. [in Rus].

9. Hankey W. L., Shang J.S. Analyses of Pressure
Oscillations in an open Cavity// AIAA Journal - 1980. V. 18,
Ne 8, P. 892 — 898.

10. Hankey W.L., Shang J.S. Analyses of Pressure
Oscillations in an open Cavity. AIAA Journal. 1980. V. 18,
Ne 8, P. 892 — 898. [in Ukr].

11. Michalke A. On the Inviscid Instability of the
Hyperbolic-Tangent Velocity Profile// Journal of Fluid
Mechanics. Aug. 1964.V. 19, P. 543 — 556.

10

Tennogizuka ma mennoeHepaemuka, 2024, m. 46, Ne3



TEMNNO- | MACOOBMIHHI NMPOLIECU TA AMNAPATW, TEOPIA TA NPAKTUKA CYLIIHHA

12. Michalke A. On the Inviscid Instability of the 15. Khalatov A., Kovalenko G. Characteristic features
Hyperbolic-Tangent Velocity Profile. Journal of Fluid of hydrodynamics and heat transfer in transverse flow
Mechanics. Aug. 1964.V. 19. P. 543 — 556. [in Rus] . past cylinders with dimples in single-row bundles // “Heat

13. Kiknadze G., Gachechiladze I, Oleinikov V. [Tornado-  transfer research®, V. 35, N 7-8. USA, 2004.
like technology of heat and mass transfer intensification
at lagging increase of hydraulic losses] (Review of
experimental results and intensification mechanisms).

Moscow: Basert Co.Ltd. 1994 -1995. 102 p. [in Rus]. Ompumano 09.04.2024
14. Khalatov A., Kovalenko G. Fluid flow and heat Received 09.04.2024

transfer at a cross flow of dimples tubes in confined spaces// 5

Preprint ASME No GT 2003-38155. Int. Gas Turbine Inst, IIpuiinamo 0o dpyxy 17.08.2024

USA — 2003. Accepted for publication 17.08.2024

Tennogpisuka ma mennoeHepaemuka, 2024, m. 46, Ne3 11



