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BU3HAYEHHS NIAPAMETPIB CUCTEMHU
HU3BKOI'O TUCKY YCTAHOBKH AJIA I'TIPOPI3AHHS

Po32/11HYymMoO NUMAHHA MOXMCAUBOCMI BU3HAYEHHS1 3MIHU MUcKy 8 mpy6onposodax “2idpopo3nodinbHuUK -
MyAbmunaikamop”, 3anponoHo8aHa Mamemamu4Ha Mooe b po3paxyHKy mucky nid yac npoyecy 2i0popizaHHs.
Karuosi caosa: 2idpopisaHHs, muck, Myasmunjikamop, 2i0pokaanat, 2i0popo3nodinbHUK.
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ANALYTICAL STUDY OF THE STATE OF THE LOW PRESSURE HYDRO-CUTTING
INSTALLATION DURING HYDRO-DISTRIBUTOR SWITCHING

The purpose of the work is to study the state of the hydraulic system of the plant for the hydraulic cutting of non-metallic
materials by a fluid jet, serving as a tool and fed into a cutting zone with supersonic velocity. This method is used to obtain billets in the
chemical and light industries, due to its significant advantages over known cutting methods, because it has higher productivity and efficiency
and does not require laborious process of manufacturing and resharpening cutters. According to the results of the research, a differential
equation describing the pressure variation in the "hydrodistributor-multiplier"” pipeline, which takes into account compression of the
working fluid at a pressure of 400-500 MPa, is obtained. The resulting differential equation describing the pressure variation in the "hydro
distributor-multiplier" pipeline may be useful in designing pipelines of hydrosystems in which the cutting fluid moves with supersonic velocity
at the end of the nozzle. According to the results of analytical studies, a differential equation describing the variation of pressure in the
hydrodistributor-multiplier pipeline was presented in the article. The scientists considered the calculation scheme of the section of the low
pressure system of the hydraulic installation (Fig. 1), consisting of pipelines 2 (pump-hydro distributor) and 4 (hydrodistributor-multiplier),
as well as a spray gun distributor of type 3 and a overflow valve 1 which determines working pressure in the system and prevents overload.
The authors made a number of assumptions.
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Pe3yabTaTH Ta iX 00roBOpeHHsA

PosrnsiHeMO po3paxyHKOBY CXeMy HUISHKHA CHCTEMH HH3BKOTO THUCKY TiIpOpi3HOI ycTaHOBKH (puc. 1), mo
CKJIAJIA€TBCA 3 TPYyOOTpoBOmiB 2 (HACOC-TiAPOPO3NOMIIEHUK) 1 4 (Tigpopo3NOiIEHUK-MYJIBTHILTIKATOP), a TaKOXK
TiAPOPO3MOAITHPHAKA 30JIOTHUKOBOTO TUITY 3 1 IEPEIMBHOTO TiApOKIanana 1, 1o BU3Hadae poOOUMiA THCK B CHCTEMI
i 3ar00irae nepeBaHTaXeHHIO. 3pOOHMO PSIJ JOMYIIECHb

Beryn

[Tin yac po3poOKM 1 MOCTIIPKEHHS TiApPaBIiYHOIO YCTAaTKyBaHHs (30KpeMa, MPUCTPOIB U pPi3aHHS
MarepianiB BUCOKOIIBHAKICHUM CTPYMEHEM pPIIMHM) PO3pOOJIEHO DSl MaTeMaTHYHUX MOJIENCH, IO J03BOJISIOTH
MPOTHO3YBaTH HOro poOOTY 3alle)kKHO BiJ| PI3HHX MapaMmeTpiB (XapaKTEepHCTHK HACOCIB, TiIPOMYJIBTHUILIIKATOPIB,
TpyOorpoBoaiB, pobounx piauH Ta iH.). Tak, Hanpukan, B poOoTi [1] HaBexeHe PIBHAHHS JUHAMIKH T'IPOIIPUBOLY,
110 JJO3BOJISIE HE TUTBKM BU3HAYaTH HOTO AMHAMIYHI XapaKTepHCTHKH, ajle i BUPINIyBaTH 3BOPOTHE 3aBJaHHS — 32
3aaHMMH TUHAMIYHUMH XapaKTepPUCTUKAMH BH3HAYaTH IHOro KOHCTPYKTHBHI MapaMeTpd i1 pexuM podoTH
rizpocucremu. OnmHaK 1 i MOMIOHI 1 MOAEN Majio MPHUIATHI UIS OMUCY CHUCTEM, IO MPAIFOIOTh MPH BHUCOKHX 1
HAJBUCOKUX THUCKaX, IKUMH € TiIPOpPi3Hi YCTAHOBKH, OCKUIBKM BOHU HE MO3BOJIIOTH OIIIHUTH i BpaxyBaTH BILTUB
TpoIiecy CTHCKaHHS poOodol pimuHM i mpy)HHUX Aedopmariii enemMenTiB Bix aii TcKy. Kpim Toro, mi momemni He
Jal0Th MOXJIMBOCTI PO3paxyBaTh IOYaTKOBY (ha3y IUKILY, KOJIM TUCK B CHJIOBOMY LIMJIIHIPI 1€ HE AOCAT BEJIMYMHH
THCKY, IIPH SIKOMY ITOYHHAETHCA PyX B cucTeMi. OTKe, 3aIMIIA€THCS HEBU3HAYEHUM CTaH CHCTEMH B IOYaTKOBHUIA
MOMEHT PyXY MOPILHS, IO HE J]a€ MOXKJIMBOCTI OMMCATH HACTYIHI (a3u Ipolecy.

ITocTanoBKa 3aBIaAHHA
Mertoto poOOTH € TOCHIPKEHHS CTaHy T'iIPOCUCTEMH IPU TIEPEMHUKaHHI TiIpOpO3IOiITbHUKA.
Pe3yabTaTH Ta iX 00roBOpeHHs

Po3risiHeMO po3paxyHKOBY CXeMy AUISIHKHA CHCTEMH HHU3BKOTO THCKY TiIpopi3HOi ycTaHOBKH (puc. 1), mo
CKJIQZAEThCSl 3 TPYOONPOBOIB 2 (HACOC-TIAPOPO3NOAUILHUK) 1 4 (TiXpOpO3MONITEHIK-MYJIBTUILIIKATOP), @ TAKOXK
T1IpOpO3MOIUTEHIKA 30JIOTHUKOBOTO THITY 3 1 IIEpeNMBHOTO TiApoKianana 1, mo BU3Hayae poOOUYMil THCK B CUCTEMI
1 3amobirae mepeBaHTAXECHHIO. 3pOOUMO P JOIYIICHb: B OyIb-sIKMII MOMEHT 9acy BUKOHYETBCS yMoBa pl < pki,
ne pl — Trck B TpyOOmpoBoAi 2; pKII — TUCK HACTPOIOBAaHHS TiApoKianana 1; B mogaTkoBuii MomeHT 4acy (T = 0) pl
=pxa i p, = 0, de p, — muck 8 mpyoonposodi 4, XBUIBOBI SBWINA B CHCTEMi dYepe3 HE3HAYHY IOBKHUHY
TpyOOIPOBOIIB HE BPaXOBYEMO; BUTOKM pOOOYOI piAMHM BIJICYTHI; TeMIeparypa BCiX €JIEMEHTIB TiIpOCHCTEMH
MOCTIMHA 1 JIOPIBHIOE TeMIeparypi HABKOJMIIHBOTO CEPEJOBHINA; IOBITPS B poOOYil piAMHI BiACYTHE;
TpyOOIPOBOAM BUTOTOBJIEHI 3 aOCOJIOTHO MPY>KHOTO Ta 130TPOIHOTO Marepiany; BpaxoByeMO aedopMarii TUTbKH
TpyOOIPOBOIB; 0OCHOBI AeopMallil TpyOOIIPOBOAIB BiCYyTHI, OCKIJIbKH IXHI KiHIII 3aKpiIUICHI.
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Puc. 1. PospaxyHkoBa cxemMa JiISIHKH CHCTEMH HU3bKOI'0 TUCKY TiIPOPi3HOI yCTAHOBKM

Buznaunmo crioyaTtky MIBHAKICTD IUTMHY piAMHM dYepe3 IPOXiAHWI MEepeTWH TiApOpo3NOAiIIbHUKA 3
ypaxyBaHHsM ii cTuckaHHs. sl IbOro MOpPiBHSAEMO eHeprii MOToKy B nepetuHi I - I, yMoBHO mpoBenieHOTo B KaHaui
BXIZTHOTO OTBOPY Timpopo3noninbHuka, i II - II, mo 306iraeTbes 3 MPOXiTHUM MEPETHHOM 30JO0THHKA. OCKIIBKH
PO3IISIHYTHH IpoLiec He CTalliOHAPHUIA, TO PIBHAHHA BepHyIUIl U1 IHOTO BHIIAKY MAa€ BUIJIS

2 2
a,U a,v2
zl+—p‘ +—1L =z + Py | BHU4 +h,_, +h, (1)
g 28 /,mg 28
e Zi, P» Pi» % V; — BIANOBIIHO T'€OMETPUYHA BHCOTA MOJIOKEHHS, THUCK, TYCTHHA DIiJMHHU, KOE(Iillie€HT

Kopiosica i mBUAKICTh MTOTOKY B i-y nepetuHi; g = 9,81 m/c2 — npuckopenHs BinbHOro nafiinus; Al-II — BTpartn

1 cov
TiAPOAMHAMIYHOTO HAMOPY HA AUTSAHLI MK PO3MIHYyTMMHU NepeTHHamu; f, = — Ia—dl — iHepIilHuiA Hamip; [/ —
&not

JIOBXKHMHA PO3TIISTHYTOT JIISTHKH.

1 dv

IpoixTerpysasiun Bupas ais hy;, ogepxumo A, = —-——[ (miamerp TpyGonmposogy 2 0 ZOBXHMHI He

g dr
3MiHIOEThCsT). Ockinmbku B mepetudi I/ - II BinOyBaeThCsl panToBe 3BY)KEHHS IIOTOKY, TO 3MiHa Horo (IIOTOKY)
rapameTpiB, TOOTO THCKY 1 IMIBUAKOCTI, BiIOyBa€THCS Ha Jy’Ke KOPOTKOMY Bi/Ipi3Ky KaHay, Oe3MocepeJHb0 Iepes
uuM niepetnHoM. Otxe, iepetwnu | - 1 i I7 - [] Mo)XHa po3TalIyBaTi JOCUTH OIU3BKO OAWH BiJ OXHOTO i IpH bOMY /
OyZe OOCHTh MajiOl0 BEIHMYMHOIO, 00 MokHa Oynmo MpWHHATH iHepuidHWi Hamip /#; = 0 i Hamami Horo He
BpaxOBYBAaTH, PO3TIIIIAI0YHN IIPOIIEC SIK KBA3iCTaIliOHAPHIIA.

Ockinbky xuBuil nepetuH [ - 1 B mopiBHsHHI 3 nepeTrHOM [/ - [I — 3Ha4HO Oiiblia BeMTUYUHA (BIKHO
PO3MOITFHUAKA TUIBKK MOYAJI0 BiJKPUBATHUCS), TO 1 MBHUIKICTb 0 » 0;. TOMY Ul HAIIOTO BUMAAKy MPUAMEMO, L0
v; = 0. OckiJbKH BTpaTH IO JOBXKHHI HE BpPaxXOBYIOThCS, TO BenuumHa hl-1I popiBHIOE MiclieBUM BTparam B
TiIPOPO3MOILITBHUKY

2
1%
h1711 = 5_2 > 2
28
e & — xoedilieHT MICIICBHX BTpAT.
SIKmo z; = z,, TO piBHAHHSA (1) MOXXKHA NepenucaTi y BUTIISI
2
1%
R G ()
P P 2

3Bi,HKI/I CepeaHsa HIBI/I,HKiCTI) MOTOKY

16 Herald of Khmelnytskyi national university, Issue 6, 2017 (255)



TexHiuHI HayKu ISSN 2307-5732

“
1 L . o -
ae () =———— — Koe(illieHT IIBHAKOCTI NpU IUIMHI pPIAMHKA dYepe3 MHPOXITHUIA MepeTHH
a,+¢&
T1IPOPO3MOAITEHHIKA.

OCKIJIBKY B HAIIOMY BHI/IKY ITOPILIEHb HEPYXOMUH, TO BUXOAY piAMHHM 3 TpyOOnpoBoay 4 He Oyne 1, OTxe,
Maca piJiMHY, 110 rnepedyBae B HbOMY, OyAe yBeCh 4ac 3pOCTaTH, IPUUOMY B JAOBUILHHNA MOMEHT 4acy T npupicm
MacH dm; 3a MPOMikKOK dT CTAHOBUTh

dmy = py O dt,

ae 0, = € f v, — BUTpaTH PiIWHM, IO HAAXOAWUTH B TPYOONpPOBia 4 4epe3 PO3MOIUIBHHK 3; € — KoedilieHT
CTHCKY MOTOKY B MpOXiAHOMY TeEpeTHHi rigpoposnoninbhuka; f = 7 d; v, 7 — mIoma MpoxigHOro HepeTHHy
PO3MOJIIBHEKA B MOMEHT 4acy 7; d; — JiaMeTp 30JI0THHKA; U, P — CEPENHS IMBHIKICTL 30JI0THUKA NP IIEPEMUKAHH1
PpO3NOIiTEHUKA.

Buxopucrasmm ¢popmyny (3) i Bupas mist O, 1 f, omepKIMo

2(&_&}17, ©
P P
Ie [ = € ¢ — Koe(illieHT BUTpAT.

3 iHmoro 6oky dm, MOXHa BH3HAUUTH, SIKILO BIJIOMO 3aJI€XKHICTh M, = M,(p). 3HAHIEMO 110 3aJICIKHICTb.
Jist BHYTpIIIHBOTO THCKY p, Ha CTIHKHM TpyOONpoBoay 4 NPUBOAWTH A0 iXHBOTO IEPEMINICHHS Ha
BEJIMYMHY ¥, 110 BU3HAYAETHCS 31 CIIBBIHOIIEHHS [2]
l-v P/S I+v p/Rz
u= 22t Y ©)
E R -r E R —r
ze r 1 R — BiAMOBITHO BHYTPIIHIN 1 30BHIIHIN niamerpu TpyOomposoxy mpu p2 = 0; £ 1 v — Moaynb
npykHOcTi 1 koedimiert [Tyaccona marepiaxy TpyOOIIpoBOIY.
[To3naunBmm yepe3 k = R/r — Koe(ilieHT TOBCTOCTIHHOCTI i TEPEeTBOPUBIIH BUpa3 (6), OEPKIMO

dm, = 7d;v,, TP,

u=p2rA, 7
1—v+k(1-v)
Ie = 3 .
E(k>-1)
OTxe, 00’ €M MOPOKHUHU TPYOONIPOBOY 4 IPH THCKY P;
V,=n(r+u)’l, =V,,(1+ 4p,)’, (8)
e Voo =71’ 1—06’eM moposkHiHEY 1pH p; = 0; 1, — 1oBkHHA TPY6ONpPOBOIY 4.
[ToMHOXXUBIIH TIPaBY 1 JIiBY YaCTHHU BUpasy (8) Ha IyCTHHY p,, 3HAWIEMO Macy piiHHU B TpyOOIpoBoai 4
m; = p; Vy (1+A py)°. ©)
[TpomudepeniitoBasim Bupas (9), ogepxumo
dp
dm, =V20(1+Ap2)[d 2(1+ Ap,) +2p,A4 |dp, . (10)
/2
3 Bupasy s KoedilieHTa CTUCKaHHS PiJJUHU ff
1 dp
B=—r—r (an
Py dp
(po — TycTHHA pigMHU MU TUCKY p = 0) BU3HAYMMO NMPUPICT TYCTUHU dp TP 3MiHI TUCKY Ha dp
dp =B po dp. (12)
Baaxaroun, 1o S = const, micins iHTerpyBaHHs Bupasy (12) oxpepxumo
p=po(l+pBp) (13)
[MincraBuBmm Bupasu (12) i (13) B (10), 3Haiinemo
dmy = p,Voy (1+ Ap) B+ Ap,) + 24(1+ fip,) dp,. (14)
IMincraBuBmm Bupas (13) B (5) i mpupiBHABIIHK TpaBi gacTiHU Gopmy (5) 1 (14), maemo
) 1 2
Loo o, pr(+ fipy) || P2y
dr. 1y, p,\1+pp, 1+ fp, (15

{1+ 4p)[B+ Ap,) + 2401+ fp,) ]}

Otpumane mudepeHmiansHe piBHAHHA (15) ommcye 3MiHY THCKY B TpyOONpOBOII 4 MpH TEepeMHKaHHI
rizpopo3nonineHuka. B 3aranpHoMy Bunanaky, konu pl - pl () 1 BuI wi€i 3aiexHOCTI HE BCTAHOBICHUM, IS
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3HAXOIDKEHHSI P, = p; (7) omHoro piBHAHHA (15) HemoctatHRo. OmHAK MOMIMBHH OKPEMHH BHIANOK, KOIH
MPONYKTUBHICTh Hacoca () Taka, M0 B Oyab-KMH MOMEHT 4acy BHKOHYyeThCsi ymMoBa Q > Q, i, OTxKe, mpoliec
MIPOTIKAE MPH MOCTIHHOMY THCKY pl, 1110 JOPIBHIOE TUCKY HACTPOIOBAHHS MEPEIMBHOTO KIIANaHa Py, 1O/ piBHIHHS
(15) Oyne po3B's3yBaHUM MO0 OJHIET HEBITOMOT ).

B Tabmuni 1 HaBexeHi pe3ynbTaTd po3paxyHKY THUCKY B TpyOONpoBOJi 4 3 BpaxyBaHHIM (P, (7)) 1 0e3
BpaxyBaHHS (p,* (7)) npyKHHUX nedopmalliii TpyOOoIIpoBOAY MPH HACTYIHUX MapaMeTpax cucrteMu: » = 5.5 mm; R =
8 mM; I, = 0,7 m; £ =2-105 MIla; v = 0,3; p,, = 10 MIla; d3 = 16 mm; vcp = 80 mm/c; p = 0,6; p, = 890 kr/m3; B =
6-10-4 1/MITa.

Ta6mums 1
PesynbTaTi po3paxyHky THCKY B TpyOonposoai 4
10 ¢ Tuck, MIla i 10" ¢ Tuck, MIla .

p2 p: p2 p2
0 0 0 4 0,6755 0,7096
1 0,0429 0,0451 4,77 - 1,0000
2 0,1711 0,1799 4,89 1,0000 -
3 0,3829 0,4024

AHai3 pe3ysbTaTiB po3paxyHKy IOKa3ye, IO THCK p,* pocTe TpOXW IIBUALIE, HIX P, OXHAK PI3HMIA
CTaHOBUTH OJMM3BKO 5 %. SIKIIO 0COOIMBO BHCOKA TOYHICTH pPO3paxyHKiB HE MOTpiOHA, TO MOXKHA MPUHHATH p2 =
p>* 1 nedopmariiro He BpaxoByBatH. Toxi piBHsHHS (15) HaOyze O1IBII IPOCTOTO BUTIISLY

dpz 1 2 D § 2
—= = 7d .U 7(1+ —_— — . 16
T A e P ST T (o)

[poinrerpyBaBuin Bupa3 (16) 1 BUKOHABIIM AEsKI MEPETBOPEHHS, MOXKEMO BHU3HAUUTH 4ac AT, 3a SKUH
THCK B TpyOompoBoai 4 Bupocte Bix 0 IO poy (A€ Per — THUCK, IPH SKOMY IOYHMHAETHCS PYX HOPIIHA
MyJbTUILTIKaTOpa), abo0, IHaKIle KaKydyd, 4Yac, L0 TNPOHAEe 3 MOMEHTY BIAKPHUTTS MPOXIAHOTO MEPETHHY
TiIpOpO3NOIUILHHKA J0 M0YATKy PyXy MOPIIHS, TOOTO IIBUIKOIIS TiIPOCHCTEMHU

V20,0 Pos) o N0 ) VB P
730, 1 B PP — P 0+ Bp,)

[ToMHOXMBIIIM AT Ha CEpeIHIO MIBHIKICTh MEPEMIIIEHHsS 30JIOTHHKA VCP, OIEPKUMO X = vcp AT —
BIZIKDUTTS BiKHA 30JIOTHHKA B MOMEHT, KOJIU HOPIIEHb [IOYHE pPyXaTHCh. BelnunHa X, a TakoX 3HA4€HHS THCKIB P,
= P 1 P2 = Per BU3HAYAIOTH NTOYATKOBI YMOBH, 1[0 HEOOXIIHI U PO3PaXyHKY CTaHy CHCTEMH IIijl 4ac HACTYIHOI
(a3 pobOTH YyCTaHOBKH — IPH MEPEMIllleHH] TIOPIIHS MYJIBTHILIIKATOPA.

BucHoBku

3a pe3ysbTaTaMy aHATITHYHUX AOCIIKEHb OTPHUMaHO TUQepeHIliajbHe PiBHIHHS, 110 ONUCYE 3MiHY THCKY

B TPyOOIPOBOIi TiAPOPO3NOAITIBHUK-MYITHILTIKATOP.
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