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1. Tensoo6MiH Ta rizpogrHamika B TPy6i 3 3aBUXPIOBAaY€M YaCTKOBOI 3aKPYTKU MOTOKY Ha OCHOBI XPECTOINOAIOHOI

BCTaBKU

2. Heat Transfer and Hydrodynamics in a Tube with Partial Flow Swirl Generator, based on the Cruciform Insert

Pedepar:

1. Inceprarisi NpUCBAYEHA €EKCIIEPUMEHTATIBHOMY i TEOPETUYHOMY (KOMIT'IOTEPHOMY) JOCJIIKEHHIO TEMI000MiHY,
TiIpaBJIivHOTrO ONOPY, JIOKAJIBbHOI Ta BUXPOBOI CTPYKTYPU TYypPOYJIEHTHOTO MOBITPSIHOTO IIOTOKY B KPYIJIiii TPY6i 3
3aBUXPIOBaYeM YaCTKOBOI 3aKPYTKU [I0TOKY Ha OCHOBI XpeCTONOAi6HOI BCTaBKU. YacTKOBA 3aKPYTKa CTBOPIOETHCSL
11067113y [10BEPXHI TEMI000MIHY 3a LOIIOMOTrOI0 BilirHyTUX ejleMeHTiB BucoTow 0,01 M, mupunoto 0,03 M i KyTom ix
IIOBOPOTY B IIMPOKOMY Jiana3oHi. KOHCTPyKIis 3aBUxproBaya 3abe3nedye MUPOKUN Jianla30H 3MiHU KyTa 3aKPYTKU
IIOTOKY 11006JIM3y MOBEPXHi KaHajly, BOHA 3aXMIleHa MaTeHTOM YKpaiH/M Ha KOPUCHY MOJieJib. B eKciepuMeHTax KyT
3aKpYTKHU 3MiHIOBaBCs Bif 15 1o 45 rpagycis. JJocinKeHHs cepeJHbOro TeIyj000MiHy B TPy6i 3 3aBUXPIOBAaYEM
4aCTKOBO]I 3aKPYTKU IIOTOKY [TOKa3any, o (pakrop inTeHcudikalii Tenao00MiHy 3MiHIOETbCS IO KPUBIH 3
MaKCUMYyMOM i MiHIMyMOM, 1110 06YMOBJIEHO BiJ[IOBiJHOO IIOBEIHKOIO (paKTOpPa BUXPOBOTO II€PEMIITyBaHHS

NOTOKY. ['igpaBiyHUi Oip MOHOTOHHO 30iJIbIIY€ETHCS 3 POCTOM KyTa 3aKPYTKU [IOTOKY. Y3arajabHeHHsI



OIy0JIiKOBaHOI 6231 JAHKMX I0KA3aJI0, O iHTEeHCU(IKATOPH TEIJIO0O0MiHY Pi3HOI KOHCTPYKLLii, [0 MAIOTh 3arajbHUI
MexaHi3M iHTeHcudikalii TensI000MiHy 32 paxyHOK 3aKPYTKH, BilpuBYy IIOTOKY i BUXPOBOTO MTepeMillyBaHHS,
XapaKTePU3YyIOThCSI €IMHOIO 3aJIEXKHICTIO 11 PakTopa aHasorii PeiiHosbrca. KoMIT'IoTepHE MOJeJII0BaHHS IOTOKY B
TPYOi 3 4ACTKOBOIO 3aKPYTKOIO, IO3BOJIAJIO BUSIBUTUA OCOOIMBOCTI 3MiHM MIBUAKOCTI MOTOKY, TypOYyJIEHTHOCTI i KyTa
3aKPYTKU 06J1aCTi 10613y CTiHKM Ta HA OCHOBI T€Opii TBUHTOBOI JIiHii BUBHAYUTH BHECOK OKPEMUX CKJIJIOBUX
(lIBUAKICTb MOTOKY, 3aKPyTKa, TYPOYJIEHTHICTb, BUXPOBE IepeMilllyBaHHsI) B iHTeHcudikalito Tenaooominy. Ha
OCHOBI BUKOHAHUX JIOCJIiTKeHb BIIEPIlIe 3aIIPOIIOHOBAHO MOHITTS KoedillieHTa SKocTi iHTeHcudikaTopa
Ter1006MiHy, e 6a30BUM € dakTop aHasorii PefiHosbACa 1171 TOBEPXHEBUX 3arJIMOMH IIPYU HU3bKUX YUCIIAX
Peiinosnpzca. [TokasaHo, 1110 BCi BUKOPUCTOBYBaHi B Cy4acHil npakTulli inTeHcugikaTopy xapakTepusyoThCst
3MiHOI0 1IbOTO KoedillieHTa y By3bKOMY fianazoHi Bif 0,37 o 1,0, a AJ1s1 JoCii)KeHUX 3aBUXPIOBaYiB YaCTKOBO]
3aKpYTKU NOTOKY KoedillieHT sSIKocTi 3miHI0eThCs Bif, 0,50 1o 0,62.Ha 0CHOBI BUKOHAHUX AOCIiI)KEHb PO3POOIEHO
METOJIMKY PO3PaxXyHKy CEPELHbOr0 TEIJIOOOMIHY i rifipaBilidyHOro ONOpyY B TPYOi 3 3aBUXPIOBAYEM YACTKOBOI

3aKPYTKHU [IOTOKY Ha OCHOBi XpeCTOIOi6HOI BCTaBKMU.

2. The thesis is aimed to the experimental and theoretical (computer) studies of heat transfer, pressure drop, local
and vortex structures of the turbulent air flow in a round tube with partial swirl generator, based on the cruciform
insert. The partial flow swirl is created near the heat transfer surface by means of bendable elements of 0.01 m
height, 0.03 m width and angle of their deviation in the wide range. The swirl generator design provides a wide
range of the swirl flow angle near the heat transfer surface. This design was protected by the patent of Ukraine for
the useful model. In the experiments the swirl flow angle was varied from 15 to 45 degrees. Studies of the in-tube
average heat transfer with partial flow swirl have shown that heat transfer augmentation factor varies with a
maximum and minimum that is due to specific vortex mixing factor behavor. The pressure drop increases
monotonically with a swirl flow angle increase. The summarising of published database have shown that heat
transfer intensifiers of a different design having a general mechanism of heat transfer augmentation (flow swirl,
flow separation, and vortex mixing) are characterized by the general correlation, based on the Reynolds analogy
factor. The in-tube computer simulation with a partial flow swirl has defined some specific features of axial
velocity, turbulence and swirl flow angle variations in the near-wall region. Based on the helical line theory, the
contribution of individual factors in the heat transfer augmentaion (flow velocity, flow swirl, turbulence, and vortex
mixing) has been defined. The results of experimental studies have allowed proposing the new concept of heat
transfer intensifier quality coefficient, where the Reynolds analogy factor for the dimpled surface at low Reynolds
numbers is used as the basis magnitude. It is shown that for all currently emploted heat transfer intensifiers this
coefficient ranges in the slender compass from 0.37 up to 1.0, while for the investigated in this study swirl
generators this factor varies from 0.50 to 0.62. The calculation procedure has been developed to predict the in-
tube heat transfer and pressure drop with partial flow swirl generator, based on the cruciform insert.
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