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Annomauus

Beeoenue. B cratbe onmcaH NpoIecc pacCMOTPEHHUSI TEOMETPHUYECKHX TTapaMeTPOB CTPYH
BOZIBI B 3aBUCUMOCTH OT €¢ peskrMa paboThl 1 BUAa GOpcyHKH. B paMkax mccieoBaHus
THAPABINIECKOH 0OpabOTKH MOYBHI B MPUCTBONBHBIX 30HAX BO3ZHHMKIA HEOOXOAMMOCTH
M3YYNTh MapaMeTphbl CTPYH NPU Pa3IMYHBIX BHAAX Hacalok. TpeOoBaJoCch OIpEeInTh
reOMETPUIECKHEe MapaMeTPhl MOTOKA BOABI AJISI PAcueTa IO MOMEPEIHOTO CEUSHHUS
1 OTIPEZICNICHHUS CTPYKTYPHBIX 0COOCHHOCTEI (hopMHUpoBaHus CTpyH. JlaHHBIE XapaKTepu-
CTHKU BaXKHBI A7 MOJHOIEHHOTO OMMCAHUS, MOCHEIYIOEr0 UCCIEOBAaHUS U pacdeTa
JIEWCTBUS CTPYH BOABI IIPH TMAPABINYECKOW 00paboTKe MOUBBI. Takke OHM ITO3BOJISIOT
U3Y4UTh peanbHyio GOpMy U CTPYKTYpPy CTPYH MPH Pa3NUYHBIX BUAAX (OPCYHKH.

Lenv uccnedosanus. OnpeneneHue reOMETPUUECKUX T1apaMeTPOB CTPYU BOJbI B 3aBUCH-
MOCTH OT BUAa GOPCYHKH U PeKHMa pabOThI CTPYH.

Mamepuanet u memoosr. J{jis perieHns 3a1aHHOH 11eTH ObIT pa3paboTaH CTeH I, IPECTaB-
JISIOIUI COOOH MOACTaBKY HA YETHIPEX OMOpax, K KOTOPOH 3aKperuieH afanTep MoAaro-
IIeif MarucTpaiy anmnapara BEICOKOTO JaBJICHHsI CO CMEHHBIMH (pOpCyHKaMH (HaCaIKaMH).
Jns pukcanmm nonoxkeHus U GOPMBI CTPYH BOIBI C OMPEICICHHON YaCTOTON MCIIOIB30-
Baslack kamepa Basler acA1920. Taxoke ObUI HCHOJIB30BAH amIapar BEICOKOTO JABICHUS
¢ MakcUMaJbHBIM naBinerneM P = 140 MPa u pacxonom QO = 360 n1/4. B xauecTBe Hacagok
HCIIOBb30BAINCH: CTaHAAPTHAS HacaJKa ¢ INIOCKOH cTpyeil, ctanmapTHas TypOoHacaika,
TypOoHacaaka pa3paboTaHHON KOHCTpyKuuH. Ilo momydeHHBIM (oTorpadusMm u3Meps-
JICh TEOMETPHUYECKIE TapaMeTPhl CEUSHUsI CTPYH BOJbI. [IpOBOAMIICS aHAIN3 CTPYKTYPBI
CTPYH IPH Pa3HBIX PEKUMaX PaOOTEL.

Pesynomambl ucciedosanus. Y1anoch BBIACHUTb, YTO BPALIAOMIMIICSA TIOTOK BOJIbI, CO-
31aBaeMbli B TypOO(hOpCyHKE COOCTBEHHOH pa3paboTKU M CTaHAAPTHOU TypOOpOpCyHKe,
pa3buBaeTcsi OT OBICTPOTrO BpamIeHHs, 00pa3ysi KOHYC, IDIONA b CEUYSHUs] KOTOPOTrO CO-
CTaBJIAET KPYT M BO3JCHCTBYET HA TIOBEPXHOCTH MOYBHL. J{JIs TIIOCKOM CTPyH XapaKTepHa
IIPSIMOYTOJIbHAST POpMa CEeUCHUSL.

Obcyarcoenue u 3axniovenue. PopcyHKa MpeIoKEHHOW KOHCTPYKIIUH TTO3BOIISIET CO3AATh
CTPYIO BOJIBI HAMOOJBIIEH IUIOIAIH, YTO JOJDKHO 00ECHIEUNTh YBEINYCHHE IUPHHBI 3a-
XBaTa ¥ KauecTBa 00pabOTKH MOBEPXHOCTH MOUYBHI B IPUCTBOIBHBIX HAacakAeHMAX. [laH-
HOE HCCJIEI0BAaHKE TAKKE MO3BOJISIET IIPOAHAIM3UPOBATE CTPYKTYpPY CTPYH B IIpOIecce ee
padoThL.

Knioueswvle cnoga: ruapoodpaboTKa MOYBHI, TPUCTBOJIBHBIE 30HBI, HHTCHCHUBHBIE CAbl,
MYJIBIUPOBaHUE, (OPCYHKH, FEOMETPUIECKHE TTapaMeTPhl CTPYH BOJBI
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Abstract

Introduction. The article describes the process of considering the geometric parameters of
water jet depending on a water jet operation mode and nozzle type. Within the framework
of the study of hydraulic soil treatment in the under-tree zones, it became necessary to
study the water jet parameters when using different types of nozzles. There was need to
determine the geometric parameters of water flow for calculating the cross-sectional area
and determining the structural features of the water jet formation. These characteristics are
important for a complete description, subsequent study and calculation of water jet action
during hydraulic soil treatment; they also allow studying the real shape and structure of the
water jet when using different types of nozzles.

Aim of the study. The study is aimed at determining the geometric parameters of the water
jet for different nozzles including turbo cutters located at different heights.

Materials and Methods. To solve this problem, there was developed a test bench, on
four pillars, to which the adapter of the supply line of the high-pressure apparatus with
replaceable nozzles is fixed. To fix the position and shape of the water jet with a certain
frequency, a Basler ace acA1920 camera was used. There was also used a high-pressure
apparatus with a maximum pressure of P = 140 MPa, a maximum flow rate of QO =360 I/h.
A standard nozzle with a flat jet, a standard turbo nozzle, and a turbo nozzle of the
developed design were used. The geometric parameters of the water jet section were
measured from the photographs obtained.

Results. From the photos obtained, it can be seen that the rotating water stream entering
the turbo nozzle of its own design and the standard turbo nozzle disintegrates from rapid
rotation, forming a cone, the cross-sectional area of which is a circle, and affects the soil
surface. A flat jet is characterized by a rectangular cross-section.

Discussion and Conclusion. According to the results of the study we can draw the
following conclusions, the nozzle of the proposed design allows creating water jets of the
largest area, which should provide an increase in the working width and, as a consequence,
an increase in productivity and quality of soil surface treatment in mainline plantations.
This study will also make it possible to analyze the structure of the jet during its operation.

Keywords: soil hydrotreatment, tree trunk zones, intensive gardens, mulching, nozzles,
geometric parameters of the water jet
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Beenenue

B pamkax nccnemnoBaHusi THIPOOOPAOOTKH MOYBEI OT COPHON PACTUTEIBHOCTH
B TIPHCTBOJILHBIX 30HAX BO3HUKJIA HEOOXOIMMOCTh PACCMOTPETh MapaMeTPhl CTPYH BOJIBI
TIPU pa3IMIHBIX BUIAX Hacamok [ 1—4]. JlaHabni MeTom 00paboTKH MOKHO paccMarpu-
BaTh KaK OJHY M3 aJIbTePHATUB TepOUIIHIaM WITH MEXaHHIECKO 00paboTKe MOUBHI [5].
CIOXKHOCTBIO peai3alliiy TOTO METOIA SIBISIETCS HEOOXOANMOCTD CO3/IAaHNUS CTPYH BOJIBL,
CMOCOOHOM HAJEKHO Pa3pyIaTh 3aJepPHEIbI TTOYBEHHBIH TTOKPOB TIIYOWHOM 0 Tpex
CaHTHUMETPOB [6], YTHETasi COPHYIO PaCTUTEIBHOCTh U 0OECIIeunBas MPUHY 3aXBaTa
pabouero oprana nopsigka 300450 MM. OCOOEHHOCTBIO THAPOOOPAOOTKH SIBISETCS
COCpeI0TOUYEHHOE BO3/ICHCTBYE HA Y3KUH Y4aCTOK ITOBEPXHOCTH MOYBHI [ 7], BBI3BIBAIO-
nree JeopMalru CKaThs, CABUTa U MECTHOTO PACTSKEHUS [IACTa TIOYBBI, KOTOPBIE 110
(opMe CHIIBHO OTIIMYAIOTCS OT BO3JCHCTBHH, OKa3bIBAGMBIX MEXaHUYECKUMH OPYIUSIMH.
HemanoBaxHbIME (paKkTOpaMu SIBJISIOTCS U PEKUMBI paboTHI cTpyH Bojbl [8]. Tak, HAKIOH
BOJIHOM CTPYH K TIOBEPXHOCTH MOYBBI H3MEHSIET HE TOJBKO CHITY JIHCTBUSI CaMOM CTPYH,
HO U TUIOMIAJ(h €€ BO3JCHCTBHSI Ha MOYBY. Takke U3MEHsIETCS HanpaBieHue aedopma-
I[IMX TTOYBBI C CKATHS HA CABUT WJIM Jaxe pacTsokenue'. Vi3aMeHeHne Buia BO3IeHCTBHS
CTPYH 3HAUUTENFHO BIIMSAET HA CIOCOOHOCTH MOYBBI CONPOTHUBIIATHCS pa3pylieHno [9].

O0603HaYNM OCHOBHBIE TEOMETPHUECKHUE IMapaMeTPhl CTPYH, HEOOXOAMMBIC IS
oTIpe/ieTICHHS TUTOIAHN CEYSHHSI M CTPYKTYPHBIX OCOOCHHOCTEH (POPMHUPOBAHUS CTPYH
BOJIBI TIPY PA3JIMYHBIX BUAAX (POPCYHOK: HMIMPUHA U TONIIUHA — JJIS PSMOYTOJIBHOTO
cedeHus, muametp — st kpyniioro [ 10]. JlaHHbIe mapaMeTphbl BaYKHBI 11T KOPPEKTHOTO
OIMCaHMs, UCCICAOBAHUS U pacuyeTa ISHCTBUS CTPYH BOJBI IPH THIPO0OpadoTKe moy-
Bbl. OHU MO3BOJISIOT U3YYHTh pealibHYI0 (OPMY U CTPYKTYPY CTPYH IPHU PazIHuHBIX
BUAax (POPCYHKH, B TOM YHUCIIE ITPH TYpOO Ppe3ax 1 UX ABMIKCHUH B COCTABE arperara.

IeomeTpuyecKre XapaKTEPUCTHKH CTPYH OTPEIENSIOT IJIOMIAlh €€ CeUSHHS, YTO
SIBJSIETCST OJTHMM U3 KJIIOUYEBBIX TApaMETPOB, YCTAHABIMBAIONINX JIABICHUE CTPYH BOJBI
Ha MTOBEPXHOCTH ITOYBHI, YTO 3HAYUTETHHO BIUAET Ha 3PPEKTUBHOCTH THAPOOOPAOOTKH.
OpHako 3HaYeHre JAHHOTO MTapaMeTpa T0CTaTOYHO CIIOKHO U3MEPUTh, TAK KaK OOBIIHBIC
CpeJICTBa U3MEPEHUs JINHEHHBIX pa3MepOB HE MPUMEHUMBI JJIs CTPYH BOIBI. 3ajada
YCIIOKHSETCS TaKXKe UCTIONb30BaHUEM TypOo (hOPCYHOK, B KOTOPBIX KOHYC PaCITbLTHBA-
HUS CO3/1a€TCs BpAIIAOIIEHCs CTPYei BOIBI, YTO MOTHOCTHIO UCKITIOYAeT CTaHIapTHHIE
METO/bI u3MepeHust pazmepos. [Ipu sTom HEoOXoarMO 060CHOBATH U U3YUUTH HOPMY
BO3JEICTBUS CTPYH Ha MOBEPXHOCTH MOYBHI IIPU UCTIOJIB30BaHUH TYPOO POPCYHOK, TaK
Kak (popMa CTpyH MpH KOHTaKTe ¢ oOpadaTbiBaeMOi MMOYBOW HEM3BECTHA.

0030p TuTEpPaTYpPHI

B Hacrosiee Bpemsi pazpyiieHne 1 00paboTKa Marepuana cTpyei sKUAKOCTH TpuMe-
HSCTCS B PA3JIMUHBIX OTpacisx skoHoMUKH. Tak, B padote U. JI. Mypaiiosa uccieayercs
MPUMEHEHHE BBICOKODHEPTETHUECKUX CTPYH BOJBI JUISl TIOATOTOBKH M PE3KH MSCHOM
npoxnykiuu [7]. B pabote JI. A. FiBaHOBa ONMHCHIBASTCS MPUMEHEHNE CTPYH BOIBI JJIS
pa3pyIieHnus: KepaMUIeCKUX MaTeprualioB JOKaIbHBEIM TepMmoyaapom [11]. Ilupokoe
MpUMEHEHNe JaHHBIA METOJ MOyYHJI IPU TUAPOooOpa3suBHON pe3ke metaiios [12].

! CoxpaHeHHe II0JI0PO/IHS OPOIIAEMBIX MOYB ITYyTEM CHIKCHHS HEraTHBHOTO BO3ACHCTBHS H0XK s JIM
«®Dperar» / A. B. PycunoB [u np.] // AkryasnbHble MpoOIeMbl YCTOWYNBOTO Pa3BUTHSI CEIBCKUX TEPPUTO-
puii 1 kagpoBoro obecrieueHns AIIK: mar-ie1 MexxayHap. Hayd.-ipaktud. koH®. 2021. C. 236-243. URL:
https://rep.bsatu.by/handle/doc/14177 (nara obpamenus 25.01.2024).
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I'unpoabpasuBHas pe3ka MPUMEHSIETCS M B TOPHOM MPOMBILIUICHHOCTH. MaTtemaTndyeckue
MOJIEJIH MPOIIecca U ero MapamMeTphl OMKCaHbl B OJJHOM M3 M3y4YeHHBIX Hamu padot [13].
B crarbe [14] onuchIBalOTCSI TEXHOJIOTUU COBMEIICHHUS Jla3epa U ruapoadpa3uBHON
PE3KH JUTS CO3aHusl 00padaThHIBAOIINX MAIIHH.

[IpuMEeHUMOCTh TEXHOJIOTUU THAPOOOPAOOTKH MPUCTBOJIBHBIX 30H CaJOBBIX
HaCaXJEeHUU MOJTBEpPXKIAETCsA B HccienoBanuu [15], rae ncrnonp3oBaHnue arperara
runpoobpadotku Caffini Gras Killer moka3zano cxoxyio 3p(heKTHBHOCTb ¢ MEXaHHU-
YeCKUMH MeTofgaMu 00padoTku. Takke THapooOpadboTka paccMaTpruBaeTCs KaK OHa
U3 KOJIOTMYHBIX aJIbTEPHATHB IIPUMEHEHHUS XUMUUYECKHUX CPEACTB OOPBHOBI ¢ COPHOH
PACTUTENBHOCTBIO B MPOMBIIUIEHHBIX cafax [16; 17]. OHa MoxkeT paccMaTpuBaThCs
M KaK JeHCTBEHHBIH crioco0 60pbObI ¢ copHOll pacTuTeabHOCTHIO [18]. B paborax
psiaa 3apyOeKHBIX aBTOPOB 0OOCHOBBIBACTCS MIEPCIIEKTUBHOCTH TEXHOJIOTHH yTHE-
TEHHS COPHOU PACTHTENBHOCTH THAPOOOPaOOTKOM, ONMUCHIBAETCS UCIIOIB30BaHUE
ruapoabpa3suBHOTO METOZA JJIA Cpe3a COJIOMBI MIICHHIIBI. A Takke pa3padoTka,
pacder U pe3yJbTaThl HCIIBITAHHS YCTPOHCTBA THAPOOOPAOOTKH MEKIYPSANIA PHUCO-
BBIX KYJIBTYp, OMUCAHUE CTIOCOOHOCTU CTPYH BOJBI M I'HIp0oadpa3uBHOM 00pabOTKH
K pe3Ke pa3INYHbIX CEIhCKOX035HCTBEHHBIX MAaTEPHAIOB U METO/IbI TIOBBIICHUS UX
a¢ddexkruBHOCTH [19-22].

0O030p nuTEpaTyphl OKA3bIBAET BAXXHOCTD N3YUEHHsI CTPYKTYPBbI CTPYH BOZBI U IPO-
recca ee pOPMHUPOBAHUS NIPU PA3INYHBIX BUIaX (hopcyHok. Hampumep, B padote [23]
MOKa3aHo BIMsHUE (POpMBI IITyLIEpa Ha (POPMUPOBAHHUE CTPYKTYPBI CTPYH BOBI U I10-
CIICAYIOILYIO CHITy BO3ACHCTBUSL. Tarxke HayKoil akTMBHO M3Y4aeTcsl BIUsSHUE (HOPMBI
HACaJKU U OTBEPCTHUS HA CTPYIO BOABI IIPU pa3IuvHON Temneparype [24; 25].

MarepuaJibl H METOAbI

st peuenust qanHo 3aga4m OblT pazpaboTaH cTeHa (puc. 1), mpeacTaBIsomi
co00¥1 O/ICTaBKY Ha YETHIpEX OMopax, K KOTOPOH 3aKperuieH aanTep MoJarolei Maru-
CTpaJI amrmapara BBICOKOT'0 JaBJI€HHs CO CMEHHBIMH Haca/ikaMu. Kperuienue aganrepa
MO3BOJISIET MEHSITh BBICOTY pacronokenus popcyHku. Ha moncraBke pasmelniiena perika,
MO3BOJISIIONIAS 3aKPETUISTh CTAIBHYIO JTMHEHKY B TUIOCKOCTD JICHCTBUS CTPYH BOJIBI 3
(dopcyHKH.

Jns hukcanuu moaokeHus U GOopMBI CTPYH BOJBI C 3aJaHHON YaCTOTON HCITOh-
3yercs kamepa Basler ace acA1920. OHa M03BOJIIET TOTYyYaTh BEICOKOKAYECTBEHHOE
BHJIe0 ¢ gactoit 1o 1000 kagpoB B CEKyHIY, JaHHBIA PEXXUM CHEMKH U OB UCTIOb-
30BaH B HaleM HuccienoBanuu. Kamepa pacnosnarangach NeprneHIuKYISIPHO OCH CHM-
METPUHU CTPYH BOABI U MEPIECHAUKYISIPHO U3MEPUTEIILHOM NOBEPXHOCTH JTUHEHKH Ha
paccTosiHuH, HEOOXOAUMOM JIJIsl TTOJTyYEHHs! TOJTHOLCHHOM KapTUHKHU U KaueCTBEHHOM
(OKYCUPOBKH KaMephl.

Jiist uccnenoBaHMiA MCIIOIB30BAJICS alapaT BBICOKOTO AaBJICHUS C MAKCHMAIbHBIM
nasienuem P = 140 MPa, makcumanbhblii pacxon Q = 360 i1/4.

B kauecTBe HacaJ0K HCIIOIB30BATNCH CTAHIAPTHAS C TUIOCKOM CTpyeH, cTaHAapTHAsA
TypO0 Hacanka (puc. 2) u TypOo Hacaaka pa3padoTaHHON KOHCTPYKIHH (puc. 3).

HccnenoBanue mpoBoauTcs cieayromuM oopasoM. [lonkirouennas k ammapary
BBICOKOT'O AaBJIeHUs! (POpPCYHKA 3aKpeIIsieTcsl Ha CTeH, JIMHEHKa BBICTaBIIETCA Ha
3aJaHHYI0 JUIMHY OT Cpe3a CoIUIa.
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Puc. 1. YerpolicTBo cTeHaa I M3MEPEHHS TEOMETPUUECKUX TapaMeTPOB CTPYH BOABIL:
1 — moncraBka; 2 — MoAaroIasi MaruCTpaib armapara BBICOKOTO JIaBIEHHs CO CMEHHBIMHU (DOpPCYHKaMH;
3 — cranpHas IMHElKa; 4 — Kamepa

Fig. 1. Testbench design for measuring geometric parameters of water jet:
1 — stand; 2 — supply line of the high-pressure device with replaceable nozzles;
3 —steel ruler; 4 — camera

BeepHas cTpys / I'psaseBas dpesa /
Fan jet Mud mill

Puc. 2. Bunsl uccinenyembix popcyHOK
Fig. 2. Types of nozzles investigated

[Janee 3anmyckaertcs mojiada BoJIbl U CheMKa Kamepsbl. biarogapsi mpoennpoBaHuio
M300paXKeHus MePICHANKYIISPHO JIMHEHKE MOTy4aeTCsl U3MEPUTh TeOMETPUIECKHUE Tapa-
METPBI CEUEHUSI CTPYH B KXK/BIH MOMEHT ee paboThl. Takke JaHHBIN METO]] TO3BOJISIET
3auKCHPOBaTh PabOTy OPCYHKH B TUHAMUKE.
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a)
Puc. 3. Ceuenue popcynku TypOo Hacaaku pa3paboTaHHON KOHCTPYKIUH (),
ceueHne GOpCyHKH cTaHIApTHOH TypOo Hacaaku (b)

Fig. 3. Section of the turbo nozzle of its own design (a), section of the standard turbo nozzle (b)

Pe3yabTarsl ncciexoBanus

[Inomans cedeHust cTpyH BoAbl pa3paboTaHHOH TypOo GOpCyHKH OONbILe CTaHAAPT-
Hoii. I1pu BeicoTe 3 cMm — Ha 47 %, nipu BeicoTe 5 — cM Ha 53 %, npu BeICOTE 7 CM — Ha
16 %, ipu BIcOTE 9 €M — Ha 5 %, Tipu BbIcoTe 11 cM y cTranaapTHOW TYpOO (HOPCYHKH
TJIOMIATL CEUCHUS CTPYHU OoJbIne Ha 5 %.

[Tocne npoBeeHusT UCCIIEAOBAHMS TI0 OMMCAHHOM BBIIIE METOUKE MOTYYCHHBIN
BHJIEOMAaTepHaI ¢ MOMOIIEI0 porpaMMbl Free Video to JPG Converter kampupoBaics
C COXpaHEHHEM OTIENBHBIX H300paxeHuii. [1o momydeHHbIM H300paskeHIAM H3MEPSIINCh
reOMETPUYECKHUE TTapaMeTPhl CEUCHHUS CTPYH BOIBI, HAPUMED, IIUPUHA CTPYH (pHC. 4).

Puc. 4. 3mepenne MUpHHBI CEUSHUSI CTPYH BOJBI JUTS IIOCKOH (pOPCYHKH
Ha BBICOTE 9 CM OT cpe3a HacaKH
Fig. 4. Measuring the cross-section width of a water jet for a flat nozzle
at a height of 9 cm from the nozzle cut
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3HaueHHE MUPUHBI CTPYH BOJBI (uaMeTpa KOHyca B U3MEPSIEMOM CEUCHUU IS
CTPYH, UMEIOIIUX KPYTJIOE CECUCHUE) MOIYYaeTCsl HAaXOXKJCHUEM CPEIHEr0 U3 MATH
3HaueHui. Takxke HaMu OB IPOBENCH aHAIU3 CTPYKTYPHI CTPYH Ha Pa3HBIX pe-
KUMax paboTel. BaxXHBIM 351eMeHTOM 00pabOTKH pe3ynbTaToB ObUIO OMpeleeHIe
3¢ HEeKTUBHOM MUPHUHBI CTPYH 0€3 yueTa ee KPaeBbIX yUaCTKOB, KOTOPbIC HE HMEIOT
3¢ heKTUBHOrO BO3ACHCTBUS Ha 00padaThiBAEMyO TOBEPXHOCTh. JlaHHBIE 001aCTH
O0TOpachIBAINCH COTVIACHO KOHYCY PACHBbLICHHS, KOTOPBIA OCTABIISIET CJIe HA OTIOP-
HOU MOBEPXHOCTH. J[7151 TOTOKA BOJIBI C CEYEHNUEM B BHJIE KpyTa U3MEPSIICS TUAMETP
JTAaHHOTO CEYCHHS.

B pesynbrare uccnemoBaHus ObLTH MTOTyYeHBI JaHHBIE, yKa3aHHbIE B Ta0muIe 1.

Tabnuma 1
Table 1
Pe3yabrarnl H3MepeHUsl INMPUHBI CTPYHU
Results of measuring the jet width

Beicora ot
cpesa coruia
¢dopcyHKH, cM /
Height from
the nozzle
section, cm

Hlupuna, Mm /
Width, mm

Bricota ot
cpesa coruia
bopcyHKH, cM /
Height from
the nozzle
section, cm

HIupuna, Mm /
Width, mm

Bricora ot
cpesa coruia
¢dopcyHkH, cM /
Height from
the nozzle
section, cm

lupuna, Mm /
Width, mm

Paspaborannas Typoo

Cranpapraad 1ypGo dopcynka / ¢dopcynka / Developed turbo

Standard turbo nozzle

dopcyHka miockas /
Flat nozzle

nozzle
11 56 11 48 11 41
9 44 9 41 9 38
7 32 7 26 7 32
5 30 5 19 5 28
3 22 3 16,8 3 22

st mydimeit Busyanuszanuu oHu 0(OpMIIEHBI B BUE rpaduka 3aBUCUMOCTH ILIMPHHBI
3axBara (DOPCYHKH OT BBICOTHI 3aMepa (puc. 5).

Kak BugHO U3 rpaduka (puc. 5), paspadborannas TypOo0o GpOpCyHKa UMEET aHAIO-
THUYHBIH ¢ TypOodpe3oii pasmep npu BeicoTe 00padoTku 11 cM. OgHAKO 3HAYUTEIHHO
BBIMTPHIBACT B IIMPHUHE IIPH YMEHBIIEHUH BEICOTHI H3MEPEHUS 10 3 CM, TPUOIIKASCh
Mo MHpHHE K (OPCYHKE C MIOCKOH cTpyeit. [lomydeHHbIi pe3ynbTar mo3BoyseT yT-
BEpKJaTh, YTO NpU Hanbosee F3PPEeKTUBHBIX 3HAUEHUSIX BBICOTHI 00pabOTKH paspa-
0oranHas Typ0o GopcyHKa OyieT UMEeTh OOJIBIIYIO IUPUHY 3aXBaTa U MOBBIIICHHYO
MIPOU3BOJUTEIHLHOCTD [26].

Hcxonst U3 mpeliCTaBICHHBIX BBINIE JAHHBIX, BEIYUCIIMM IUIONIAH BO3ICHCTBUS
CTPYH BOIBI Ha MIOBEPXHOCTH MTOUYBHI (pHC. 6).
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PacrostHEe M3MEPEeH s IHPUHBI CTPYH /
The distance of measuring the width of the jet

——®opcynka miockas / Flat nozzle
——Typb6odpesa / Turbofreeze
~==Cgos (opcyHka / Its own nozzle

Puc. 5. I'padpmueckoe nmpencraBieHne pe3ynbTaTOB U3MEPEHUS IIUPHHBI CTPYU Ha PAa3HON BBICOTE
Fig. 5. Graphical representation of the results of measuring the width of the jet at different heights

a) b)
Puc. 6. Ctpykrypa cTpyH y pazpadoranHoii Typ6o dhopcyHkH (a) u cranaapTHoii Typoo dopcyHku (b)
Fig. 6. Jet structure of a developed turbo nozzle (a) and a standard turbo nozzle (b)

Ha ocHoBanuu nonmy4enHsix ororpaduii (puc. 6) BUAHO, 4TO BpaLIAIOMINICS TOTOK
BOJIbI B pa3zpaboTaHHoM TypOo opcyHke U cTaHIapTHOH TypOo GopcyHke pa3ouBaeT-
csl OT OBICTPOro BpalieHus, 00pasyst KOHYC, IUIOMAAb CEYEHHsT KOTOPOTO COCTABIISIET
KPYT, M BO3JICHCTBYET Ha MOBEPXHOCTH MOYBBI, IIOATOMY JIJIsl TaHHBIX (POPCYHOK Oynem
UCIOJIb30BaTh opmyiy [27]:

S =, (1)

rae S — MIoIaab BO3AEHCTBUS CTPYH BOJBI HA MOBEPXHOCTh, MM, & 1 — PAJIYC OCHO-
BaHMS KOHYCA PACTbUICHUS CTPYH, MM.

JIJ1s1 TUTOCKO# CTPpYH XapaKkTepHa MpIMOyToiibHas popma cedeHus (prc. 6), mo3ToMy
pacuet OyzeT BECTHCH 10 cieayroiei gpopmyie (2):

S=ab, ()

rie S'— MIoIa b BO3AEHCTBIS CTPYH BOJIBI HA TOBEPXHOCTH, MM? ; @ — IITUPHHA CTPYH, MM; b —
TOJIIMHA CTPYH, MM. B pe3yisrare BbIUHCICHHUI Oy YeHBI CIISYIONIHE PE3yIIBTaThl (Talu. 2).
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Tabnuma 2
Table 2

Monydennasi niomaab ce4eHUs CTPYH
The resulting cross-sectional area of the jet

Bricora ot cpe3a coruta popcynku, cM /
Height from the nozzle section, cm

®dopcynka mnockas / Flat nozzle

3cm
5cm
7 cm
9cm
11 cm

Beicora ot cpe3a coruta popcynku, cM /
Height from the nozzle section, cm

3cm
S5cm
7 cm
9cm
11 cMm

Bricota ot cpesa cormta popcyHkH, cM /
Height from the nozzle section, cm

3cm
5cm
7 cm
9cm
11 cm

ITnomwane, mm?/ Area, mm?>  [lupuna, mm / Width, mm

182 22
270 30
328 32
492 44
840 56

CranpaprHas Typ6o ¢opcynka /
Standard turbo nozzle
Tnomane, mm? / Area, mm?  Illupuna, mm / Width, mm

201 16
284 19
531 26
1134 38
1590 45

Pazpaborannas Typ6o dopcynka /
Developed turbo nozzle
ITnomane, mm?/ Area, mm?>  [lupuna, mm / Width, mm

380 22
616 28
804 32
1195 39
1521 44

[Hanee npeacrasneH rpadyk, BU3yaTH3UPYIOIIUH TOTyYeHHBIE PE3yNIbTaThl (pHc. 7).

1800
% 1600
=E 1400
S
g E“ 1200
: g 1000
2w 800
5«
= O 600
8=

200
I

[}

g ﬁ 3cm
=
=

S

S5cm T cm 9 cm 11 cm

PacrosiHre n3MepeHust UPHHbI CTPYH /

The distance of measuring the width of the jet

——®opcyHnka uiockas / Flat nozzle
——Typ6odpesa / Turbofreeze
Cgos popcynka / Its own nozzle

Puc. 7. T'paduk 3aBHCUMOCTH IUIOMIAN BO3ICUCTBUS CTPYH BOJIBI OT BBICOTHI CTPYH
Fig. 7. Graph of dependence of water jet impact area on jet height
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Kak BuiHO 13 Tpaduka, MWIomaab BO3ACHCTBHS CTPYH BOJBI Y IIOCKOH (OPCYHKH
MEHbIIIe OCTAJILHBIX BapuaHTOB. HanboJbIias e 1iomiaib CTPyH JOCTUTACTCS Y pa3-
paboTaHHO# TypOO (HOPCYHKH.

O0cy:x1eHue U 3aKJII04eHne

C nomotipto paszpaboTaHHON TypOO (HOPCYHKH BO3MOXHO CO3/1aTh CTPYH BOZbI HAUOOIb-
[reun TJI0IIaau, 9YTO obecrieynBaer YBCIIMYCHUE INPUHBI 3aXBara, IIOBbIMICHUE ITPOU3BOI-
TENBHOCTH U KauecTBa 00pabOTKN MOBEPXHOCTH MOYBHI B TPUCTBONIBHBIX HACAKICHHSIX.

Pe3ynbTrarhl JaHHOTO HCCIICI0BAHHS O3BOJISIOT MPOAHATM3UPOBATH CTPYKTYPY CTPYH
B TIporiecce ee padoThl. Y BceX BUIOB (POPCYHOK CTPYs pa30MBACTCs HA MEITKUE KaTLTH,
00pasys 30Hy 00pabOTKH MOBEPXHOCTH O3 BBIJCICHHBIX 30H COOPAHHOTO CTPYKTYPH-
POBaHHOTO TIOTOKA YKUIKOCTH. TaKKe OIBIT MMOKAa3bIBALT, YTO IO 00pabaThiBaeMOi
MMOBEPXHOCTH 3aBUCUT HE TOJBHKO OT BBICOTHI PACIIOIOKEHUsST (POPCYHKH H JABICHUS
BOJIbI, HO U OT yIu1a (pakeja pacrpuia coruia.
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3asenennvlii 6K1a0 asmMopos:

A. B. lllyrenko — BBeneHne, 0030p IUTEpaTypPHBIX HCTOYHUKOB, pa3paboTka MaTeMaTH4eCcKOi MoJie-
JIM pacyeTa reoMeTPHYECKUX MapaMeTpoB CTPYH, 0OOCHOBaHUE ITAPaMETPOB MCIOJIHHUTEIBHOIO YCTPOIi-
cTBa, 00pabOTKa CTaTUCTUYECKUX AAHHBIX.

J1. O. XopT — mOCTaHOBKA IIeIM M IPOOIEMaTHKU HCCIeT0BaHMsI, (POPMYIHPOBKA €ro pe3yabTaToB,
oTpeeNIeHre TEXHOIOTHIECKUX apaMeTPOB U PEXKUMOB PAOOTHI HCIIOIHUTEIBHOTO YCTPOUCTBA.

Bce asmopul npouumanu u 0006punu 0OKOH4AMENbHbLI 6APUAHI PYKORUCU.
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