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[Tlimz yac pi3sHOMAHITHMX TEXHOJOTIYHUX TMPOLECIB Yy PISHUX Trany3sx
MIPOMMUCJIOBOCTI  HeOOXimHO  oxojomkyBaTu ra3. [Ijs  1bOro  3a3Buuait
BUKOPUCTOBYIOTh TEIVIOOOMiIHHMKM, Bif SKMX HeOOXiZHO BigBoauTK Teruio. Bimomo,
110 I1iJ, yac pyxy rasy Kpisb coruvio JlaBajs 1oro Temreparypa i TMCK 3MEeHIIIYIOThCS, a
IMIBUAKICTbh — 3pocTae. [IpoTe, ra3oauMHaMiuHi ITapamMmeTpu Ta30BOro IMTOTOKY Ha BXOMi
y COIUI0O MOXYTb 3MiHIOBaTUCh, 110 HEraTMBHO BIUIMBAaE Ha e(heKTUBHICTb 110TO
pobotu. Tomy mJist 3a6e3meueHHsT e(eKTUBHOI POOOTH COIIa HEOOXiTHO, 106 #10T0
reoMeTpUYHI mapaMeTpyu Oyau peryaboBaHMMM. [IpoaHami3yBaBIIM pPi3HOMaHITHI
KOHCTPYKIIil peryabOBaHMX COIeJ BCTAHOBJIEHO, 110 BOHM € JOBOJI CKIAAHMUMMU 3a
KOHCTPYKIIi€l0 (MIiCTSITb 6araTo pyXOMUX eJIeMEHTiB), MalOTh BeJMKi rabapuTHi
po3mip Ta macy [1-3].

[y 3a6e3revyeHHs] HEOOXiTHMX Ta30JMHAMIUHMX XapaKTepUCTUK TIa30BOTO
TOTOKY, II0 PYXa€TbhCs yepes3 cOruio JlaBass, IMPOMOHYETbCSI Or0 KOHCTPYKILisl, B
sIKii1 MO’KHA 3MiHIOBATH JiaMeTp OTBOPY Y KpUTUUHOMY Iepepisi (puc. 1).

3a IOMOMOTOI0 iMiTalliiHOrO MO/eM0BaHHS BM3HAUYeHO AehOpMOBaHMII CTaH
MIPOTIOHOBAHOI KOHCTPYKIii corvia. [ocmimKeHHSI TPOBOAMIOCH Y HEMiHiliHIl
TOCTAaHOBIIi. BCTaHOBJ/IEHO, 1110 TIPM OCbOBOMY IlepeMillleHHi MPUTUCKHOI BTYJIKM Ha
BenuumHy 10 MM pafiiyc OTBOpPY COIJIa 3MEHIIYEThCS Ha 1,74 MM.

Ha pucyHky 2 mokasaHO rpadiuyHi 3a1esKHOCTi IepeMillleHHS BHYTPillTHbOI
TIOBEPXHi COIUIa Ha Pi3HMX KPOKaxX HOCTimKeHHS. TaKoK HeOOXigHO 3ayBakUTH, IO
Ha IIbOMY PMCYHKY BKa3aHO IepeMillleHHS TOBePXHi BiJ, 11 TOYaTKOBOTO IMOJIOKEHHS,
TOOTO 3ajIeXXHOCTi OIMMCYIOTh TepeMillleHHsS TOYOK Bif MOBepxHi MpPU OCbOBOMY
CTUCKY coruvia. lle HeobximHO BpaxyBaTH, 11106 MOMMJIKOBO He TIPUITHATM JiHii 3a

dbopmMy BHYTPIlIHbOI ITOBEPXHi COILIA.
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3 — HaTUCKHA BTYJIKA; 4 — )KOPCTKe

Kinbue PuicyHOK 2 — IlepeMileHHs BHYTPIilIHbO]

Pucynox 1 — Konerpykuis TIOBepPXHi COIJIa Ha Pi3HMX KPOKaX JOCTiIKeHHSI

peryJiboBaHOro coruia JlaBasst

3 MeTOl MpOBeleHHS [OCHimkeHb TMPOMOHOBAHOI KOHCTPYKIIii coruia

po3po0bsIeHO Ta HAAPYKOBaHO Ha 3D-mpuHTepi npechopmy (puc. 3).

a) — metati opmu; 6) — hopma y 360pi
PucyHok 3 - [Ipecdopma 1151 BUTOTOBIEHHS €IaCMYHOTO COTIa

O‘

a)

Coruio (puc. 4) BurorosieHe i3 cunikony SKR-788 [4].
Iist  OochiiskeHHSI 3MiHM TeOMEeTPUYHMX IlapaMeTpiB 3almporOHOBAHOIO
peryJiboBaHOTO COIuUla pPO3po6JeHO TPUCTPiii, HeTasi SKOro BUTOTOBJIEHO 3a

noriomoroto 3D-nipuHTepa (puc. 5) [5, 6].

a) 0)
PucyHok 4 — Bunure a) — 3D-Mogenb y 360pi; 6) — HagpyKoBaHi Ha 3D-ipuHTEpi
coruto Ta rpecdopma merasi; 1 — elacTMYHE COIUIO; 2 — KOPIYC; 3 — HATUCKHA
BTYJIKA;

4— KOpCTKe Kijblle; 5 — HATUCKHA rajka
PucyHOK 5 — KOHCTPYKIList TPUCTPOIO AJIS MOCTiIKeHHST 3MiHU
repMeTpUYHMX PO3MipiB comia
Bumipssuuii ngiamMeTp BUIOTOBJIEHOTO €JIaCTUYHOTO COIUIA Y KPUTUUHOMY
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repepisi 6e3 CTUCKAHHSI Y OCbOBOMY HAIIpSIMKY CKiagae 11,8 MM, a mpM CTUCHEHHi
Ha BeanuuHy 10 Mmm — 8,6 MM. OTKe, paZiiajibHe TiepeMillleHHS eJJaCTUYHOTO COMJIa y
KPUTUIHOMY Ilepepisi cknamae 1,6 MM.

P036ikHiCTh MiXK pesysbTaTaMy, OTPMMAHUMMM iMiTal[ifHMM MOZEIIOBaHHS Ta
BUMIipSIHMMM eKCIIepMMEHTaIbHO cKagae 7,5 %.

BucHoBKM. P03p0o6ieHO TPUBMMIpPHY MOJe/Ib MPOIOHOBAHOI KOHCTPYKILii
coria y mporpami SolidWorks Ta 3a mormomorow imiTaliiffHOro MOJeI0BaHHS
BU3HAUeHO ii medopmMoBaHMit cTaH. BcTaHOB/IEHO, IO TP OCbOBOMY CTUCKY COILIA
Ha BesimuuHy 10 MM AiaMeTp OTBOPY Yy OTO KPUTUYHOMY Ilepepi3i 3MeHIIyEThCS i3
12 mm go 8,54 mm. 3i cumikony SKR-788 BMJIIMTO COILIO Yy MOTIepeHbO PO3POOIEHY
Ta BUTOTOBJIEHY 3a mAoromoroio 3D-mpuHTepa mpecopmy. [js1 IMpoBemeHHS
IOCTiIKeHHSI 3MiHM T€OMETPUYHMX PO3MipiB BUTOTOBJIEHOTO COIIAa PO3PO0JIEHO Ta
HAZpyKOBaHO Ha 3D-NpuHTepi cCleliaJibHMII HOpPUCTpiii. 3a pesyabTaTamMu
MpOBeJeHNX AOCiIKeHb COIJIa 3a AOMOMOTOK I[bOTO MNPUCTPOX BCTAHOBJIEHO
poO3MipM #Oro KPpUTUUHOIO Iepepisy: miamMmeTp coria 6e3 CTUMCKAaHHS y OCbOBOMY
HaIpsIMKy ckiaagae 11,8 MM, a ipu cTUCKaHHiI Ha BeimuuHy 10 Mmm — 8,6 MM.
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RESEARCH OF ADJUSTABLE LAVAL NOZZLE
Mykhailiuk Vasyl, Liakh Mykhailo, Protsiuk Vasyl,
Deineha Rruslan, Vytrykhovskyi Yevstakhii, Stetsiuk Roman
Abstract. Heat exchangers are the most common and simplest equipment for
cooling gas streams, but heat must be removed for their operation. However, by
using a Laval nozzle, it is possible to achieve cooling of the gas flow due to a physical
phenomenon in which the gas flow velocity is reduced to the speed of sound. The
efficiency of such a nozzle depends on the change in the gas flow rate in it.
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Therefore, to regulate the mode of operation of the Laval nozzle, its design is
proposed, which is simpler than the existing ones, cheaper to manufacture and
operate. The nozzle is made of an elastic material - silicone, and is located in a
special housing, into which a compression nut is inserted, which compresses the
nozzle in the axial direction. Due to this achievement, the inner opening of the
nozzle is reduced. Conducted simulation studies of the proposed design of the
nozzle made it possible to apply its deformed state, developed and printed on a 3D
printer of a mold - to make a silicone nozzle and conduct its research. After
conducting a study of the silicone nozzle, it was established that the diameter of the
hole at the critical section without deformation in the axial direction is 11.8 mm,
and at a deformation of 10 mm - 8.6 mm.

Keywords: Laval nozzle; gas flow; adjustment of geometric parameters;
simulation modeling; deformation
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