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Hoit 0,39, HaHeceHHBIX ¢ marom 3. Hucno PeitHonbca, onpemaeneHHoe 0 Cpel-
HEMacCOBOM CKOPOCTH W BBICOTE KaHaia, BapbupyeTcs oT 33 go 600. 3amada pe-
I1aeTcsi B MOCTAHOBKE C MEPUOTUYECKUMH TPAHUYHBIMH YCIOBHSIMH B CEKIIUU
JunHO# 3. HrokHss cTeHKa ¢ lyHKaMM HarpeBaeTcs 10 OTHOCHUTEIIBHOM TemIiepa-
Typsl 1,034, a BepxHss noaaepKUBaeTCs NMPHU TeMIieparype, paBHoil 1. bokoBeie
CTEHKM KaHaja Teruion3oirpoBaHHble. OOHapykeH 3>(QQeKT MOCTENeHHOro Ha-
pacTaHusi TEIUIOOTJayd OT HArpeTod CTEHKH 1o mepe ypennueHus Re. Ilpu
Re =600 TemnmooTnaua Bo3pacTtaeT B 1,5 paza B CpaBHEHUU C INaJKOH CTEHKOMH.
ITpu 3TOM pocT ruapaBINYECKUX NOTeph OKazaics MeHblie 10 % B cpaBHEHHH C
IUTOCKOTIapaJUIeIbHEIM KaHaoM. MHTeHcnduKanus JaMHHAPHOTO TEIIooOMeHa
B Y3KOM KaHaJe ¢ MOMOIBI0 3()(PEKTUBHBIX BUXPETEHEPATOPOB OBAIBHO-
TPAHIICHHBIX JIYHOK TIOMHUMO 3HAYUTEIBHOTO YBEIMUCHISI CKOPOCTH BTOPHYHOTO
TeyeHus (mpumepHo n0 60 % cpemHeMaccoBOW) COMPOBOXKIACTCS MHTEPECHBIM
THUIpOIMHAMUYECKUM dddekToM: GopMupoBanueM nepudepuitHOro 3akpydeH-
HOT'O IIOTOKa BBICOKOW MHTEHCHBHOCTH U Pa3pexeHUst ¢ MPOIOIbHON CKOPOCTHIO,
B 1,5 pa3za mpeBblniaronieii MakCUMaJIbHYI0 CKOPOCTb B INIOCKONApPaJUIEIbHOM
KaHale.
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KUHEMATUKA TYAbCWUPYIOLLUETO MOTOKA HA HAYAABHOM YYACTKE
AUCKPETHO-LUEPOXOBATOIO KAHAAA

CoBpeMeHHbIE METOIbI MHTCHCU(HUKAIINN TEINIO0OMEHa 9aCTO OCHOBHIBAIOTCA
Ha pa3pylIeHUHd ¥ OOHOBIEHWUHW TOTpaHUIHOTrO ciost. OgHuM u3 3G HEKTHBHBIX
croco0OB TaKOTO BO3ACHCTBHA SBISETCS WCIOJIB30BaHUE NUCKPETHOW IMIEPOXO-
BaTOCTH CTCHKHU B BHJIC MOMEPEYHBIX BHICTYMOB. [ yBemuueHus 3G¢GEKTUBHO-
CTH 3TOr0 CIOCO0a MPUMEHSIOT JOMOJHUTEIBHBIC METOABI BO3IACUCTBHS HA II0-
TOK. B 4acTHOCTH, MEPCIEKTUBHBIMU CYUTAIOTCS MYJICUPYIOIIUE PEKUMBI TEUC-
Hus. B paboTe uccnenyercs codetanue 3THX IBYX (akropor. PaccMoTpeHo Typ-
OyJICHTHOE MYJIbCHPYIOIICE TCYCHUE Ha HAYAILHOM YYaCTKE JAUCKPETHO IIEPOXO-
Baroro kaHana. Yucno PeliHonb/ACa, ONpenesieHHOe MO THAPaBIMYECKOMY Jva-
MeTpy KaHajia, cocTaBisuio Rep = 18 200, oTHOCHTENbHAs BBICOTA BBHICTYIIOB
e/h = 0,117, mar BeicTynoB p/e = 10. BappupoBasuch 9rciia TMHAMUYECKOTO 110~
nobust — OTHOCUTENbHAs JacToTa (ducio CTpyxajs) U OTHOCUTEIbHAS aMILTUTY-
la BBIHYXKJICHHBIX MyJjbcanuii ckopocTu [3. Jluama3oHbl BapbHUPOBAHUS:
Sh = 0,04—0,6; B = 0,15—0,8. Yucno Ctpyxayis pacCUYUTHIBAIOCH 110 CPEIHE-
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pPacxoJIHOM CKOPOCTH MOTOKa M BhICOTE BhIcTyna. Ha ocHOBe ABIMOBOM BHU3yalu-
3alMU TEUCHHS 32 TPETHUM BBICTYIIOM JAWCKPETHO-IIEPOXOBATOTO KaHAla IOKa-
3aHBI 3P PEKTH, BHOCUMBIE TIEPHOAMYECKUMH MYIbCAIUIMHI pacxoja B XapakTep
MaccooOMeHa. BrwIsBICHHBIE OCOOCHHOCTH TEYCHUU MMO3BOJIIN IMPOBECTH HX
Ka4eCTBCHHYIO W KOJIMYCCTBEHHYIO Kiaccuukanuio. JIs BBIICICHHBIX B Kiac-
CU(UKAIMKA PEIKUMOB TCUCHUN MNPEJCTABICHBI NPOQHIN OCPEIHCHHBIX MO Iie-
pUoy MyJIbCALMOHHBIX 3HAYEHUI CKOPOCTH B MPOMEXKYTKE MEXIY 3 U 4 BBICTY-
namu. Ha BBICOKOYACTOTHOM pexHMe TeueHHs OOHapyxeH 3(deKT yaBoeHus
YacTOTHI MyJIbCALUN B IPUCTCHOYHON OOJIACTH IO CPABHEHUIO C YaCTOTOU IyJib-
caluii Ha BHEIIHEH IpaHHIle MOTPAHUYHOTO cliosl. MI3MepeHns BBITIOJIHEHBI METO-
oM SIV 1o pe3ynbTaTam BUACOCHEMKH C YaCTOTOW KaJIpoOB, MPEBBIMAIONIEH B 42
pa3a MaKCHMAaJIbHYIO YaCTOTy BEIHY)KICHHBIX IIyJIbCAINi MOTOKA.

N.S. Dushin’, N.I. Mikheev', A.A. Paereliy’, .M. GazizoV’, R.R. Shakirov*

'Kazan Scientific Center RAS, Russia
*Kazan National Research Technical University named after A.N. Tupolev — KAI, Russia

ndushin@bk.ru

KINEMATICS OF PULSATING FLOW IN THE ENTRY REGION OF THE CHANNEL
WITH DISCRETE ROUGHNESS ELEMENTS

Advanced techniques for heat transfer enhancement are often based on the
boundary layer disruption and redevelopment. Discrete roughness elements in the
form of spanwise ribs mounted on the wall are among the efficient ways to im-
plement such effects. To further improve the efficiency of this method, the flow
can be exposed to some additional forcing. Forced pulsations of flow are consid-
ered to be a promising technique. The paper studies the combined effect of dis-
crete roughness elements and forced pulsations of flow on heat transfer. Turbu-
lent pulsating flow in the entry region of the channel with discrete roughness
elements has been considered. The Reynolds number based on the channel hy-
draulic diameter was Rep = 18 200, relative rib height e/A = 0,117, rib pitch
p/e = 10. Dimensionless numbers of dynamic similarity (relative frequency (Strou-
hal number) and relative amplitude of forced velocity fluctuations, ) have been
varied. The following ranges of parameters have been studied: Sh = 0,04—0,6;
B = 0,15—0,8. The Strouhal number was calculated based on the mean flow ve-
locity and the rib height. Smoke visualization of flow downstream of the third rib
in the channel has revealed the effects introduced by forced periodic pulsations to
mass transfer behavior. The obtained flow behavior allowed qualitative and quan-
titative classification of flow pattern. Profiles of period-averaged velocity fluctua-
tions between the third and fourth ribs are demonstrated for the different patterns
of submitted classification. In the case of high forcing frequency, the pulsation
frequency has been shown to double in the near-wall region if compared with the
forcing frequency at the boundary layer edge. SIV measurements have been per-
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formed using videos with the frame rate of 42 times the maximum frequency of
forced pulsations.

1O.J1. JleyxuH, E.B. MNaHkpamos, C.B. Kaprioe

Cesepublii (Apkruueckuil) GpenepaibHblil ynuBepcureT umerr M.B. JlomoHocoBa,
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MCCAEAOBAHME ASPOAUHAMUKU WU TEMAOOTAAYM KOABLIEBOTO
KAHAAA C BHYTPEHHEA WM BHEWHEA MOBEPXHOCTAMWU B BMAE
YCEYEHHOTO KOHYCA WU 3AKPYYEHHbIM TEYEHMEM TEMAOHOCHTEAS

BrimonHeHO WccnenoBaHUE a’3pOIMHAMHUKN M KOHBEKTHBHOTO TEIUIOOOMEHa
KOJIbIIEBOTO KaHaja, BHEIIHUNA WM BHYTPEHHUH LHJIMHAP KOTOPOTO BBHIIIOJIHEH B
BUJIE YCEUEHHOI'0 KOHYCA, CYXKAIOIErocst K BBIXOAHOMY TOPILY, U MOJKIIOUEHHO-
ro K LUKJIOHHOMY T'€HEepaTopy 3akpyTKH noroka. HecummeTpuuHOe U HecTaluo-
HapHOE HCTEUEHHE M3 TeHepaTopa 3aKpyTKH B BHIE MEPHOANYECKOTO Iporecca
MIPUBOJIUT K (POPMHUPOBAHUIO B HEM BTOPHYHBIX TeUCHUI TuMa Buxpel Teitmopa —
I'epTnepa, 3aHUMAIONINX BCE IMPOCTPAHCTBO KOJBIIEBOTO 3a30pa, C OCSIMH, COBIIA-
JIAIOIIMMU C HAIIPABJICHUEM JBIKEHHSI OCHOBHOTO MIOTOKA. Y MEHbILIEHHUE IJI0IIA-
JIM TIONIEPEYHOro ceueHus: kaHaia (B oboux cimydasx Ha 52 %) BBI3bIBaET 3HAUU-
TENbHOE yBEIMUYCHHE MOJIHOM CKOPOCTH IOTOKA B MEPBYIO OYEPENb U3-3a OCEBOU
€e COCTaBJLIIONIeH M CIOCOOCTBYeT Oojiee WHTCHCHBHOW TEHEpaIlMd BUXpEH.
BuxpeBsie cTpyKTypBl OKa3bIBAIOT 3HAYUTEIBHOE BIMSHHE KaK Ha CPETHHUN KO-
3¢ GUIMEHT TeIUIO0TAaul, TaK W Ha €ro paclpesieieHHe M0 MOBEepXHOCTsIM. B
MIOTIEPEYHBIX CEYEHUIX KOJIbIIEBOrO KaHaja HalmoaaeTcs nojoonue KpUBBIX, OH-
CBHIBAIOIIMX PACHpEeNICHHE MOJHOW CKOPOCTU OKOJO CTEHKHM W MIOTHOCTH Tel-
JIOBOTO MMOTOKA Ha MOBEPXHOCTH. KOOpAWHATEI MaKCUMAIIbHBIX U MHHAMAJIbHBIX
3HAYCHUH CKOPOCTH W IUIOTHOCTH TEIUIOBOTO IIOTOKA COBMANaloT. B cpemnHem
MOTIEPEYHOM CEUEHHH KaHajla MAKCUMAIbHOE 3HaUCHHE KOA(P(PHUIIMEHTa TeIUI00T-
Jlag¥l MPEeBBIIAeT MUHUMAIbHOE TIPUMEPHO B 2,7 pas3a /i BHEIIHeH u B 1,7 ms
BHYTpPEHHEH MOBEPXHOCTH TeruiooOMeHa. KoHycHOCTh KaHaa OKa3blBacT 3HAYM-
TENBHO OOJBIIICE BIMSHUC HA TEIUIOOTIAYy BHYTPCHHETO LMIMHAPA, YEM BHEIII-
HEro W NPOSIBISAETCS IIPU MEHBIINX 3HAUYCHHSAX Oe3pa3MepHOi POA0JILHOM KOop-
nuHATHL. {1 mccienoBaHHONW B pa0OTe TE€OMETPHH KOHHYECKOro KaHaja Ko3¢-
(UIFEHT TEIUIOOTAaYN BHYTPEHHETO IIIMHAPA BO3pacTaeT K BEIXOAHOMY cede-
HUIO ¥ BOIHM3M ero npepsimaeT Ha 91—98 % 3HavueHne Mo CpaBHEHHIO C MPSIMBIM
yuacTkoM. TemnooTaaya Hapy>KHOTO HWJIMHIPA B 9TOM K€ CEYCHUU yBEIMYUBA-
ercst Bcero Juiib Ha 5—11 %. Poct cpepnux 1o noBepxHocTsIM KoddduieHToB
TEIUIOOTAAYH COCTaBIAET COOTBETCTBEHHO 49 u 4 %.
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