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Annomauus

Beeoenue. B crathe onmcaH npouecc pacCMOTPEHHUSI TEOMETPHUYECKHX NTapaMeTPOB CTPYH
BOZIBI B 3aBUCUMOCTH OT €e pekrMa paboThl 1 BHAa GOpcyHKH. B paMkax mccienoBanus
THAPaBINIECKOH 00pabOTKH MOYBHI B IIPUCTBONBHBIX 30HAX BO3ZHHMKIA HEOOXOAMMOCTD
W3YYUTh NapaMeTphbl CTPYH IIPU pa3iIMYHBIX BHAAX Hacalok. TpeGoBaJloch OIpEeInTh
reOMETPUIECKHE MapaMeTPhl MOTOKA BOABI AJISI pAcueTa IIOMAIH ONEPETHOTO CeUCHUS
U OIIPEZENICHHUS CTPYKTYPHBIX 0cOOEHHOCTE (hopMHUpOBaHus CTpyH. [laHHBIE XapaKTepu-
CTHKU BaXKHBI A7 MOJHOIEHHOTO OIMMCAHUS, MOCIEIYIOIET0 HCCIEOBAaHUS U pacdeTa
JIEWCTBUS CTPYH BOABI IIPH TMAPABINYECKOW 00paboTKe MOYBBI. Takke OHM IO3BOJISIOT
U3Y4UTh peanbHyIo (GOpMYy U CTPYKTYpPy CTPYH IPH Pa3IUIHBIX BUAAX (HOPCYHKH.

Lenv uccnedosanus. OnpeneneHue reOMETPUUECKUX T1apaMeTPOB CTPYHU BOJbI B 3aBUCH-
MOCTH OT BUAa GOPCYHKH U PEKHMa pabOTHI CTPYH.

Mamepuanet u memoosi. J{j1s perieHns 3a1aHHOH 11e11 ObLT pa3paboTaH CTeH I, IPeCTaB-
JISIOIIUI cOOOH MOACTaBKY HA YETHIPEX OMOpax, K KOTOPOH 3aKperuieH afanTep MoAaro-
IIeif MarucTpany anmnapara BEICOKOTO JaBJIeHHs CO CMEHHBIMH (popCyHKaMH (HacaaKaMH).
Jns pukcanmy nonoxeHus U GOPMBI CTPYH BOIBI C ONPEICICHHON YaCTOTOH MCIIOIB30-
Baslack kamepa Basler acA1920. Taxoke ObUI HCHOJIB30BAH amIapar BEICOKOTO JABJICHUS
¢ MakcUMaJbHBIM aBieHneM P = 140 MPa u pacxogom QO = 360 n1/4. B xauecTBe Hacagok
HCTIOB30BAINCH: CTaHAApTHAS HacaJgKa C INIOCKOHM cTpyeil, cTanmapTHas TypOoHacaka,
TypOoHacaaka pa3paboTaHHON KOHCTpyKuuH. Ilo momydeHHBIM (oTorpadusaMm u3Meps-
JIICh TEOMETPUYECKIE TapaMeTPhl CEUSHUsI CTPYH BOIBI. [IpOBOAMIICS aHAIN3 CTPYKTYPHI
CTPYH IPH Pa3HBIX PEKUMaxX PaOOTEL

Pesynomamor ucciedoeanus. Yaanoch BBIACHUTB, YTO BPALIAIOMIMIICSA IIOTOK BOIBI, CO-
31aBaeMbli B TypOO(OpCyHKe COOCTBEHHOH pa3paboTKy M CTaHAAPTHOU TypOOOpCyHKe,
pas3buBaeTcsi OT OBICTPOTrO BpamieHHs, 00pa3yst KOHYC, IDIONa b CEYSHUs] KOTOPOTro CO-
CTaBJIAET KPYT M BO3JECHCTBYET HA IIOBEPXHOCTH MOYBHL. J{JIs TIIOCKOH CTPyH XapaKTepHa
IIPSIMOYTOJIbHAST popMa CeUeHUsL.

Obcyarcoenue u 3axniovenue. PopcyHKa MpeIoKEHHOW KOHCTPYKIUH TTO3BOIISIET CO3AATh
CTPYIO BOZBI HAMOOJBIIEH IUIOMAIH, YTO JOJDKHO 00ECHEUNTh YBEINYECHHE IUPHHBI 3a-
XBaTa ¥ KauecTBa 00pabOTKH MOBEPXHOCTH MOUYBHI B IPUCTBOIBHBIX HacaXkAeHMIX. [laH-
HOE HCCJIEI0BaHKE TAKKe I03BOJISIET IPOAHANIM3UPOBATH CTPYKTYPY CTPYH B IIpoIiecce ee
padoTsL.

Kniouesvie cnoga: ruapooOpaboTKa MOYBHI, TPHCTBOIBHBIE 30HBI, HHTCHCHUBHBIE Cabl,
MYJIBIUPOBaHUE, (OPCYHKH, FEOMETPUIECKHE ITapaMeTPhl 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 1/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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Beenenne

B pamkax uccnemnoBaHusi THIPOOOPAOOTKH MTOYBEI OT COPHOM PaCTUTEIBHOCTH
B TIPHCTBOJILHBIX 30HAX BO3HUKJIA HEOOXOMMOCTh PACCMOTPETh MapaMeTpPhl CTPYH BOJIBI
TP pa3INIHBIX BUIAX Hacanok [ 1—4]. Jlanasni MeTom 00paboTKH MOKHO paccMarpu-
BaTh KaK OJHY W3 aJIbTCpHATUB TepOHIIHIaM WITH MEXaHHIECKOi 00paboTKe MOUBHI [5].
CIOKHOCTBIO peai3alliiy TOTO METOIA ABISAETCS HEOOXOANMOCTD CO3/IAHNUS CTPYH BOJIBL,
CMOCOOHOH HAJEKHO pa3pymaTh 3aJ€pHEINbI TTOYBEHHBIH TOKPOB TIIYOMHOM 10 Tpex
CaHTUMETPOB [6], YTHETask COPHYIO PAaCTUTENBHOCTh U 0OECIIeunBas MIMPUHY 3aXBaTa
pabouero oprana nopsiaka 300450 MM. OCOOEHHOCTBIO THAPOOOPAOOTKH SBISETCS
COCpenoTOUYEHHOE BO3/IEHCTBYE Ha Y3KUH Y4aCTOK IIOBEPXHOCTH MOYBHI [ 7], BEI3BIBAIO-
nree aeopMalru CKaThsl, CABUTa M MECTHOTO PACTSKEHUS TTACTa IIOYBBI, KOTOPBIE 110
(opMe CHIIBHO OTIIMYAIOTCS OT BO3JEHCTBHH, OKa3bIBAEMBIX MEXaHUIECKUMH OPYIUSIMH.
HemanoBaxxHbIME (paKkTOpaMu SIBISIOTCS U PEKUMBI paboTHI cTpyH Boasl [8]. Tak, HAKIOH
BOJIHOM CTPYH K TIOBEPXHOCTH MOYBBI H3MEHSET HE TOJBKO CHITY ISHCTBUSI CaMOM CTPYH,
HO U TUTONIAh €€ BO3JCHCTBHSI Ha MOYBY. Takke U3MEHSETCS HanpaBieHue nedopma-
I[IMX TTOYBBI C CKATHS HA CABUT WJIM Jaxe pacTsokenue'. Vi3aMeHeHne Biia BO3ISHCTBHS
CTPYH 3HAUYUTENHHO BIIMSAET HA CIOCOOHOCTH MOYBBI CONPOTHUBIIATHCS pa3pyieHno [9].

O0603HaYMM OCHOBHBIE TE€OMETPHUECKHUE TMAPaMETPBI CTPYH, HEOOXOAMMBIC IS
oTpeieTIeHHs TUTOIAAN CEYSHHSI M CTPYKTYPHBIX OCOOCHHOCTEH (POPMUPOBAHUS CTPYH
BOJIBI TIPY PA3JIMYHBIX BUAAX (POPCYHOK: HMIMPUHA U TONIIUHA — JJIS MPSAMOYTOJIBHOTO
cedeHus, muametp — s kpyniioro [ 10]. JlaHHbIe mapaMeTphl BaXKHBI 1T KOPPEKTHOTO
OTMCaHMs, UCCIECAOBAHNS M pacueTa ISHCTBUS CTPYH BOABI IPH MHIPO0OpadboTKe moy-
Bbl. OHHU MO3BOJISIOT U3YYHTh peaIbHYI0 (GOPMY U CTPYKTYPY CTPYH NP PazIHuHBIX
BUAax (POPCYHKH, B TOM YHUCIIE TIPH TYpOO Ppe3ax 1 UX ABMKECHUH B COCTaBE arperara.

IeomeTpryecKie XapaKTEPUCTHKH CTPYH OTPENCISIOT IJIOMIAh €€ CeUSHHS, YTO
SIBJISIETCS] OJTHUM U3 KJIIOUEBBIX TApaMETPOB, YCTAaHABIMBAIONINX JIABICHHE CTPYH BOJBI
Ha MTOBEPXHOCTH ITOYBHI, YTO 3HAYUTEIHHO BIHUAET Ha 3(PEKTUBHOCTH THAPOOOPAOOTKH.
OpHako 3HaYeHHe JAHHOTO TapaMeTpa T0CTaTOYHO CIIOKHO U3MEPUTh, TAK KaK OOBITHBIC
CpeJICTBa U3MEPEHUs JINHEHHBIX pa3MepOB HE MPUMEHUMBI JJIs CTPYH BOIBI. 3a/ada
YCIIOKHSETCS TaKXKe UCTIONb30BaHUuEeM Typ0o (hOpCYHOK, B KOTOPBIX KOHYC PaCIbLTHBA-
HUS CO3/1a€TCs BpAIIAOIIEHCS CTPYei BOABI, YTO MOTHOCTHIO UCKITIOYAET CTaHIapTHHIE
METOIB! u3MepeHus pazmepos. [Ipu 3Tom HE0OX0ANMO 000CHOBATH U U3YUUTH HOPMY
BO3IEICTBUS CTPYH Ha MOBEPXHOCTH MOYBHI IIPU UCTIOJIB30BaHUH TYPOO POPCYHOK, TaK
Kak (popMa CTpyH MPH KOHTaKTe ¢ oOpadaTkiBaeMOi MMOYBOW HEU3BECTHA.

0030p TuTEpaTYpPHI

B Hacrosimee Bpemst pazpyienue u 00paboTka Marepuana cTpyeH sKHAKOCTH TpuMe-
HSCTCS B PA3IMUHBIX OTpacisax sSkoHOMHKH. Tak, B padote W. 1. Mypaiiosa rccieayercs
MPUMEHEHHE BBICOKODHEPTETHUECKUX CTPYH BOJBI JUISl IOATOTOBKH M PE3KH MICHOM
npoxykiuu [7]. B pabote /1. A. FiBaHOBa ONMHCHIBAETCS MPUMEHEHNE CTPYH BOBI JIJIS
pa3pyIieHnus KepaMUIeCKUX MaTeprualioB JOKaIbHBEIM TepMoyaapom [11]. Ilupokoe
MpUMeHEeHNe JaHHBIA METOJ MONyYHII PU TUApooOpa3uBHON pe3ke metaiios [12].

! CoxpaHeHHe II0JI0PO/IHS OPOLIAEMBIX MOYB ITYyTEM CHI)KCHHS HEraTHBHOTO BO3ACHCTBHS N0 s [IM
«®Dperar» / A. B. PycunoB [u np.] // AkTyanbHble MpoOIeMbl YCTOWYNBOTO Pa3BUTHS CEIBECKUX TEPPUTO-
pwii 1 kaapoBoro obecrieueHus AIIK: mar-ie1 MexxayHap. Hayd.-nipaktud. koHG. 2021. C. 236-243. URL:
https://rep.bsatu.by/handle/doc/14177 (nara oopamenus 25.01.2024).
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I'unpoabpas3uBHas pe3Ka MPUMEHSIETCS M B TOPHOM NPOMBILIUIEHHOCTH. MaTtemaTndyeckue
MOJIEJH MPOoIiecca U ero apamMeTphl OMUCAaHBI B OJJHOM U3 M3y4YEeHHBIX Hamu padot [13].
B crarbe [14] onuchIBalOTCSI TEXHOJIOTHU COBMEIICHHUS Jla3epa U ruapoadpa3uBHOMN
PE3KH TS CO3MaHusl 00padaThHIBAOIINX MAIIHH.

[IpruMEeHUMOCTh TEXHOJIOTUU THAPOOOPAOOTKH MPUCTBOJIBHBIX 30H CaJOBBIX
HacaXJIeHUU MOJITBEpPXKIAeTCs B HcciuenoBanuu [15], rae ncrnons3oBaHne arperara
runpoobpadoTku Caffini Gras Killer moka3zamo cxoxyio 3pheKTHBHOCTh C MEXaHHU-
YeCKUMH MeTofgaMu o0padoTku. Takke TuapooOpadboTka paccMaTpruBaeTCs KaK OHa
U3 KOJIOTMYHBIX aJIbTEPHATHB IPUMEHEHHUS XUMUYECKHUX CPEACTB OOPBHOBI ¢ COPHOI
PACTUTENBHOCTBIO B MPOMBIIUIEHHBIX cafax [16; 17]. OHa MoxkeT paccMaTpuBaThCs
M KaK JeHCTBEHHBIH criocol 60pbObI ¢ copHOl pacTuTeabHOCTHIO [18]. B paborax
psiaa 3apyOeKHBIX aBTOPOB 00OCHOBBIBACTCS MEPCIEKTUBHOCTh TEXHOJIOTHH yTHE-
TEHHS COPHOU PAaCTHTENBHOCTH TMAPOOOPaOOTKOM, ONMUCHIBAETCS UCIIOJIB30BaHUE
ruapoadbpa3suBHOTO METOZA AJIA Cpe3a COJIOMBI MIIECHHIIBI. A Takke pa3padoTka,
pacder ¥ pe3yNbTaThl HCTIBITAHUS YCTPOHCTBA THAPOOOPaOOTKH MEKIYPSANIA PHUCO-
BBIX KYJIBTYp, OMUCAHUE CTIOCOOHOCTHU CTPYH BOJBI M THIP0adpa3uBHOI 00pabOTKH
K pe3Ke pa3iINYHbIX CEIbCKOX03IHCTBEHHBIX MAaTEPHAIIOB U METO/IbI TIOBHIICHUS UX
s dekruBHOCTH [19-22].

0O030p nuTEpaTyphl IOKA3bIBAET BAXXHOCTD N3YUEHHSI CTPYKTYPBbI CTPYH BOZBI U TIPO-
recca ee GOpMHUPOBaHUS NIPU PA3IUYHBIX BHIaX (hopcyHok. Hampumep, B pabote [23]
MOKa3aHo BIMsAHHUE (hopMBl IITyIIEpa Ha (POPMHUPOBAHHUE CTPYKTYPHI CTPYH BOIBI U I10-
CIICAYIOILYIO CHITy BO3AEHCTBH. Tarxke HayKoil akTMBHO M3Y4aeTcsl BIUSHUE (HOPMBI
HAaCaJKU U OTBEPCTHUS HA CTPYIO BOABI IPU pa3Iu4HON Temneparype [24; 25].

MarepuaJibl © MeTOAbI

s peuienust qanHoU 3aga4m ObLT pazpaboTaH cTeHa (puc. 1), mpeAacTaBIsIOIINd
co00¥ OICTaBKY Ha YETHIpeX OMopax, K KOTOPOH 3aKperuieH aganTep MoJarolei Maru-
CTpaJIH amrmapara BRICOKOT'0 JaBJIeHHUs CO CMEHHBIMU Haca/ikaMu. Kperuienue aganrepa
MO3BOJISIET MEHSITh BBICOTY pacronokeHnus popcyHku. Ha moncraBke pasmeliiena pelika,
MIO3BOJISTIONIAS 3aKPETUISTh CTAIBHYIO JTMHEHKY B TUIOCKOCTbD JISHCTBUS CTPYH BOJBI U3
(opCyHKH.

s hukcanuu moaoKeHus U GOopMBI CTPYH BOJBI C 3aJaHHON YaCTOTON HUCITONh-
3yercs kamepa Basler ace acA1920. OHa MO3BOJIIET MOTYyYaTh BEICOKOKAYECTBEHHOE
BHJe0 ¢ gactoit 1o 1000 kagpoB B CEKyHAIY, JAaHHBIA PEXXUM CHEMKH U OB UCIIOb-
30BaH B HaleM HuccienoBanuu. Kamepa pacnosnarangach nNeprneHIuKYISIPHO OCH CHM-
METPUHU CTPYH BOABI U NEPIECHANKYIAPHO U3MEPUTEIILHOM OBEPXHOCTH JTUHEHKH Ha
paccTossHuH, HEOOXOTUMOM ISl TTOJTyYeHHs] OJTHOLEHHOM KapTUHKHY U KaueCTBEHHOM
(OKYCUPOBKH KaMephl.

st uccnenoBaHmiA MCIIOTB30BAJICS allapaT BBICOKOTO AABJICHUS C MAKCHMATbHBIM
nasienueM P = 140 MPa, makcumanbubrii pacxon Q = 360 /4.

B kauecTBe HacaJ0K HCIIOIB30BAINCH CTAHIAPTHAS C TUIOCKOH CTpyeH, cTaHAapTHAS
TypO0 Hacanka (puc. 2) u TypOo Hacaaka pa3padoTaHHON KOHCTPYKITHH (puc. 3).

HccnenoBanme nmpoBoauTcs cieayromuM oopasoM. [lonkirouenHas k ammapary
BBICOKOTO AaBJIeHUs (POpCyHKa 3aKpeIIsieTcsl Ha CTeHI, IMHEHKa BBICTaBIsIeTCA Ha
3aJaHHYIO JUIMHY OT cpe3a CoIla.
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Puc. 1. YcrpoiicTBo cTeHaa U1l H3MEPEHHSI TEOMETPUUECKUX TapaMeTpOB CTPYH BOABIL:
1 — moncraBka; 2 — mogaroIasi MarucTpaib anmapara BEICOKOTO JIaBIeHHs CO CMEHHBIMHU (DOpCYHKaMH;
3 — cranpHas IMHEHKa; 4 — Kamepa
Fig. 1. Test bench 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

Beepuas ctpys / I'pssesas Qpesa /
Fan jet Mud mill

ettty

Pwuc. 2. Bunsl uccnenyemsix GopcyHOK
Fig. 2. Types of nozzles investigated

[anee 3amyckaeTcs mojada BOAbI U CheMKa Kamepbl. biarogaps npoeunpoBaHuio
M300paXKeHNs MePICHANKYIISPHO JIMHEHKE MTOTy4aeTCsl U3MEPUTh FeOMETPUIECKHUE Tapa-
METPBI CEUYEHHUS CTPYHU B KaXKIBI MOMEHT ee padoThl. Takke qaHHBINA METOJ [O3BOJISIET
3aukcupoBaTh PabOTy POPCYHKHU B JHUHAMUKE.
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033

P

a)
Puc. 3. Ceuenue popcynku TypOo Hacaaku pa3paboTaHHOI KOHCTPYKIUH (),
cedeHne GOPCYHKU CTaHAapTHOH TypOo Hacagku (b)

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

Pe3yabTarsl necaeaoBaHus

[Inomans cedeHust cTpyH BoAbI pa3paboTaHHOH TypOo GOpCyHKHM OOMbIle CTaHAAPT-
Hoi. ITpu BeicoTe 3 cMm — Ha 47 %, npu BeicoTe 5 — cM Ha 53 %, pu BeICOTE 7 CM — Ha
16 %, ipu BeIcOTE 9 cM — Ha 5 %, Tipu BbIcoTe 11 cM y cTranaapTHOU TYpOO (GOPCYHKH
IUIOIIA/Th CEUSHUSI CTPYH Oouibliie Ha 5 %.

ITocne npoBeneHUsT UCCIENOBAaHUS 110 ONMCAHHOM BBIIIE METOJIUKE IOJIyYECHHBINA
BHJIEOMaTepHal ¢ MOMoIII0 mporpaMMel Free Video to JPG Converter kampupoBaics
C COXpPaHEHUEM OTHAEJIbHbIX N300paxeHuil. [1o momy4eHHbIM H300paXEHUAM U3MEPSIINCh
reOMEeTPUIECKIE ITapaMeTPhl CEYeHHS CTPYH BOJIBI, HAIPHMED, IIMPHHA CTPYH (pHucC. 4).

Puc. 4. 3smepenne MUPHHBI CEUSHUSI CTPYH BOABI JUTS INTOCKOH (pOpCyHKH
Ha BBICOTE 9 CM OT cpe3a HacaJKu

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 HAXOXKJECHUEM CPEIHEIr0 U3 MATH
3HaueHuit. Takxke HaMu OB IPOBENCH aHATU3 CTPYKTYPHI CTPYH HaA Pa3HBIX pe-
XKHUMax paboTel. BaxXHBIM 3iieMeHTOM 00pabOTKH pe3yabTaToB OBUIO ompeeIeHue
3¢ HeKTUBHOM HIMPUHBI CTPYH 0€3 yueTa €e KPaeBbIX yUaCTKOB, KOTOPbIEC HE HMEIOT
3¢ HeKTUBHOrO BO3AEHCTBHUSA Ha 00padaThiBaAeMyI0 OBEPXHOCTh. JlaHHBIE 001aCTH
0TOpachIBAIMCH COTVIACHO KOHYCY PACHbLICHHS, KOTOPBIA OCTaBIISIET CJIE HA OTIOP-
HOU MOBEPXHOCTH. J[J151 TOTOKA BOJIBI C CEYEHNUEM B BHJIE KpyTa U3MEPSIICS TUAMETP
JIAaHHOTO CEYCHHS.

B pesynbrare uccnenoBaHus ObLIH MTOTyYeHBI JaHHEBIE, yKa3aHHbIE B Ta0muIe 1.

Tabnuma 1
Table 1
Pe3yabrarnl H3MepeHUsl IMPUHBI CTPYH
Results of measuring the jet width

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

Hlupuna, MM /
Width, mm

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

HIupuna, MM /
Width, mm

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

lupuna, MM /
Width, mm

Paspaborannas Typ6o

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

Jost myqiielt Bu3yanusanuu oHu 0(OpMIICHBI B BUJE rpaduka 3aBUCUMOCTH ILIMPHHBI
3axBara (DOPCYHKH OT BBICOTHI 3aMepa (puc. 5).

Kak BugHO U3 rpaduka (puc. 5), paspaboranHas TypOoo GOpCyHKa UMEET aHAIO-
THYHBIHA ¢ TypOodpe3oii pasmep npu BeicoTe 00padoTku 11 cMm. OgHAKO 3HAYUTEIHHO
BBIMTPHIBACT B IIMPHUHE IPH YMEHBIIEHUH BEICOTHI H3MEPEHUS 10 3 CM, IPUOIIKASCh
Mo MHUpHHE K (POPCYHKE C MIOCKOH cTpyeid. [lomydyeHHbIi pe3ynbTar Mmo3BoNIsSeT yT-
BEpKIaTh, YTO MpU Hanbosee F3PPEKTUBHBIX 3HAUEHUSIX BHICOTHI 00pabOTKH paspa-
O0oranHas Typ0o dopcyHKa OyleT UMEeTh OOJIBIIYIO IUPUHY 3aXBaTa U MOBBIIICHHYIO
MPOU3BOJUTEIHLHOCTD [26].

Hcxons U3 mpelCTaBICHHBIX BBINIE JAHHBIX, BEIYUCIAM IUIOIIAH BO3IEHCTBUS
CTPYH BOIBI Ha MIOBEPXHOCTH MTOYBHI (pHC. 6).
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Puc. 5. I'paduueckoe npeacraBieHue pe3yabTaTOB U3MEPEHHS IHPHHBI CTPYH HA Pa3HOM BBICOTE
Fig. 5. Graphical representation of the results of measuring the width of the jet at different heights

b)
Puc. 6. Crpykrypa cTpyu y pa3paboranHoi Typ6o dopcyHku (a) u cranaaptHoit Typ6o dhopcynk (b)
Fig. 6. Jet structure of a developed turbo nozzle (a) and a standard turbo nozzle (b)

Ha ocHoBannu nonmy4eHHbIx hotorpaduit (puc. 6) BUAHO, UTO BPAIIAIOIINICS TOTOK
BOJIbI B pa3paboTaHHOi TypOo (hOpCYHKE U CTaHIAPTHOH TypOO (GOpCyHKE pa30ouBacT-
sl OT OBICTPOTO BpAICHUs, 00pa3ys KOHYC, IUIONIAb CEYCHUSI KOTOPOTO COCTABIISIECT
KPYT, ¥ BO3JIEHCTBYET Ha MOBEPXHOCTH MOYBBI, IIO3TOMY TS TAHHBIX (POPCYHOK OyIem
UCIOJIb30BaTh opmyiy [27]:

S =, (1)

rae S — mionaas BO3AeHCTBISI CTPYH BOIBI Ha MOBEPXHOCTD, MM2, & 7' — PAJNYC OCHO-
BaHMS KOHYCA PaCIbUICHHS CTPYH, MM.

JIJ1st TUTOCKO# CTPpYH XapakTepHa MpIMOyToiibHas Gpopma cedeHust (prc. 6), mo3TOMy
pacuet OyzeT BECTHCH 1o cieayromei gpopmyie (2):

S=ab, (2)

rie S — oAb BO3NCHCTBHS CTPYH BOJIbI Ha TOBEPXHOCTh, MM? ; @ — IIMPHHA CTPYH, MM; b —
TOJIIMHA CTPYH, MM. B pe3yisrare BbIUHCIEHHNI Oy YeHBI CIICAYIONIHE PE3yIBTaThl (Talu. 2).
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Tabnuma 2
Table 2

MMosydennasi miomaab ce4eHUus CTPyH
The resulting cross-sectional area of the jet

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

®dopcynka mnockas / Flat nozzle

3cm
5cm
7 cm
9cMm
11 cm

Bericota ot cpesa coruta popcyHKH, cM /
Height from the nozzle section, cm

3cm
5cm
7 cm
9cm
11 cMm

Bricora ot cpesa comna ¢popcyHkH, cM /
Height from the nozzle section, cm

3cm
5cm
7 cMm
9cm
11 cm

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

182 22
270 30
328 32
492 44
840 56

CranpaprHas Typ6o ¢opcyHka /
Standard turbo nozzle
TInomane, mm? / Area, mm?  Illupuna, mm / Width, mm

201 16
284 19
531 26
1134 38
1590 45

Pazpaborannas Typ6o dopcyHka /
Developed turbo nozzle
ITnomane, mm?/ Area, mm?  [lupuna, mym / Width, mm

380 22
616 28
804 32
1195 39
1521 44

Hanee npeacrasneH rpaduk, BU3yaTH3UPYIOIIUH MTOTyYeHHBIE PE3yIBTaThl (pHc. 7).

1800
<. 1600

£ 1400

=

2y 1200

22 1000

5% 800

28 600

O <

S5 400
22200

SE 7

E

= 3cm
=

5cm 7 cm 9cm 11 c™m

PacrostHMe M3MepeHns MUPUHBI CTPYH /

The distance of measuring the width of the jet

=®opcynka miockas / Flat nozzle
"Typ6odpesa / Turbofreeze
Csos dopcynka / Its own nozzle

Puc. 7. T'paduk 3aBUCUMOCTH IUTOMIAIN BO3IEUCTBUS CTPYHU BOMIBI OT BBICOTHI CTPYH
Fig. 7. Graph of dependence of water jet impact area on jet height
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Kak BumiHO U3 rpaduka, WIomaab BO3ACHCTBHS CTPYH BOJBI Y IIOCKOH (OPCYHKH
MEHBIIIC OCTAJILHBIX BapuaHTOB. HanbobIias e 1miomiaas CTpyH JOCTUTACTCS Y pa3-
paboTaHHO# TypOO (HOPCYHKH.

O0cy:x1eHue U 3aKJII04eHne

C nomotipto paspaboTaHHON TypOO (HOPCYHKH BO3MOXKHO CO3/1aTh CTPYH BOZbI HAUOOIb-
reun IJI0IIaau, 9YTo obecrieynBaer YBEIIMYCHUE HINPUHBI 3aXBaTa, IOBbINICHUE ITPOU3BOIN-
TENBHOCTHU U KauecTBa 00pabOTKN MOBEPXHOCTH MOYBHI B IPUCTBOIIBHBIX HACAXKICHHSIX.

Pe3ynbraThl JaHHOTO HCCIIC0BAaHHS MO3BOJISIOT MPOAHATM3UPOBATH CTPYKTYPY CTPYH
B TIporiecce ee paboThl. Y BceX BUIOB (POPCYHOK CTPYs pa30MBACTCs HA MEITKUE KaTlTH,
00pasys 30Hy 00pabOTKH MOBEPXHOCTH O3 BBIJCICHHBIX 30H COOPAHHOTO CTPYKTYPH-
POBaHHOTO TOTOKA YKUIKOCTH. TaKKe OIBIT MMOKAa3bIBALT, YTO IUIOINAAb 00padaThiBaeMoi
MMOBEPXHOCTH 3aBUCUT HE TOJBHKO OT BBICOTHI PACIIOIOKEHUsST (POPCYHKH H JIABICHUS
BOJIbI, HO U OT yIu1a (pakeia pacipuia Cornia.
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3asenennvlii 6K1a0 asMopos:

A. B. lllytenko — BBeneHnE, 0030p TUTEPATYPHBIX HCTOYHUKOB, pa3paboTka MaTeMaTHIeCKON MoJie-
JIM pacyeTa reoMeTPUYECKUX MapaMeTpoB CTPYH, 0OOCHOBaHUE IAPaMETPOB HCIOJIHHUTEIBHOTO YCTPOii-
cTBa, 00pabOTKa CTaTUCTUYECKUX JAHHBIX.

. O. XopT — noCTaHOBKa IIeH M IPOOIEMaTHKH HCCIeN0oBaHMs, (POPMYIHPOBKA €ro pe3yabTaToB,
oTpeeNIeHne TEXHOIOTHIECKUX TapaMeTPOB U PEXKUMOB PaOOTHI HCIIOIHUTEIBHOTO YCTPOUCTBA.

Bce asmopul npouumanu u 0006punu oOKOH4AMENbHbL 6APUAH PYKORUCU.
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