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MODELING OF NOZZLE IN JET PUMP MODE FOR ELECTRICAL DISCHARGE AND
ELECTROCHEMICAL MACHINING

MOLEIJIIOBAHHS POBOTU COIJIA B PEXXUMI CTPYMEHEBOI'O HACOCY AJ1A
EJIEKTPOEPO3INHOI TA EJIEKTPOXIMIYHOI OGPOBKU

Abstract: The subject of the study is a device - a
nozzle for supplying the power fluid in the
interelectrode gap during technological process of
consistent electrical discharge and electrochemical
machining by wire electrode. Suggested design
eliminates the harmful phenomenon of air injection,
provides the necessary flow rate of fluid coaxially with
the wire electrode, stability and uniformity of the
operating environment in the processing zone. The
results of numerical modeling and experimental
research of nozzle in jet pump mode with controlled
supply of fluid through an additional channel of
calculated cross section are given. Conducted
practical testing of nozzle during electrical discharge
and electrochemical machining showed productivity
gains of material removal and quality of obtained
workpiece surface.

Keywords: jet pump, nozzle, computational fluid
dynamics, wire electrical discharge machining, wire
electrode, electrochemical machining.

INTRODUCTION

Wire electrical discharge machining (WEDM) is a
specialized thermal process that can accurately
produce parts with complex shapes that have sharp
edges, from material of different hardness, which are
very difficult to be obtained through traditional
methods of machining [1]. This practical technology
uses common techniques of contactless material
removal by erosion process under spark discharge.
Over the years WEDM process is competitive and
economical version, which fully meets the
requirements of precision machining, short cycle time
of fabrication operation.

Recently, WEDM potential acquired fuller usage
in combined and hybrid technologies, which uses
electric erosion along with other physical and
chemical principles of material removal [1, 2].
Technology of consistent of electrical discharge and
electrochemical machining of wire electrode is
perspective, cost-effective and efficient [3]. After
completion of cut electrical discharge operation
without parts permutation and replacing the wire
electrode in the processing area in the interelectrode
space the electrolyte is  submitted and
electrochemical finishing of workpiece surface is
taken under pulse current action. Managed anodic
dissolution of the surface layers reduces surface
roughness after electrical discharge machining

considerably, removes upper molten layer and
eliminates unwanted heat affected zone.
Power fluid (usually - water) for electrical

discharge machining process is served coaxial to
wire electrode of two chambers, lower and upper one

AHomauyis: [lpedmemom  OocnidxeHHs pobomu €
npucmpiti — conno 0ns rnodayi poboyoi pidUHU 8 MiX-
en1eKmpoOHUl MPOMIXKOK Mpu MEXHO/I02IYHOMY pPOoyeECi
rnocnido8HOI  enekmpoeposiliHoi ma  enneKmpoXimMidHOI
0b6pobku  dpomsiHuM  enlekmpodom.  3arnporoHosaHa
KOHCMPYKUisi ycysae wWKionuee sguwie iHXekuii nosimps,
3abesneyye HeEObOXiOHy weudKicmb MOMOKy piOUHU
KoakcianbHO 3 OpomsiHUM eniekmpodom, cmabinbHicms ma
00HOpIdHicmb poboyozo cepedosuuia 8 30HI 06POOKU.
Haeodsimbcsi pesynbmamu 4ucesibHo20 MoOesi8aHHsI ma
ekcriepuMeHmarnsHux 0ocnidxeHb pobomu cornna 8
pexXumi CmpyMeHeso20 Hacocy 3 KOHMPO/b08aHOK
rnodayveto piduHU Yepe3 dodamkoeull KaHasl po3paxo8aHo-
20 nonepeyHoz2o nepepidy. [lposedeHa npakmuyHa
anpobauis conna & npoueci enekmpoepositiHoi ma
efleKmpoximiyHoi  06pobKU  rokaszana  MiG8ULUEHHS
npodykmugHocmi eudarneHHsT Mamepiany ma sKocmi
ompumaHoi noeepxHi demarni.

Knroyoei cnoea: cmpymeHesull Hacoc, comnmio, ob4ucho-
sallbHa eidpoduHamika, enekmpoepoasiliHa eupizHa 06pob-
Ka, OpomsiHuli ennekmpod, ennekKmpoximiyHa obpobKa.

BCTYN

EnektpoeposiiHa  BupisHa  0bOpobka  ApPOTAHMM
enektpogom (EEBOJLE) € cneuianizoBaHMM TepMiYHUM
npoLuecoM, 30aTHUM TOYHO BUFOTOBUTW AeTani CKnagHux
dopm, sSki MalTb rocTpi Kpai, 3 matepiany pi3HOi
TBEPAOCTi, WO AyXe BaXKo MOXyTb OyTM OTpumaHi 3a
[0MOMOrol TpaauUiHUX MeToAaiB MexaHiuyHoi 06pobku [1].
Lls npakTnyHa TexHomnoris BMKOPUCTOBYE 3aranbHOBIAOMY
TEXHiKy GE3KOHTAKTHOro 3HiMaHHS Marepiany 3a paxyHOK
€pOo3iHMX MpoLEeCiB Npu npu iCKpoBuX pospsgax. Ha
npoTs3i 6aratbox pokiB npouec EEBO[ME 3sanuwaetbca
KOHKYPEHTHUM | €KOHOMIYHUM BapiaHTOM, SIKMA MOBHICTIO
3aJ0BOJbHSAE BMMOTM BWCOKOTOYHOI OBPOOKM, KOPOTKOI
TPUBAanocCTi LMKIY BUrOTOBMEHHA AeTarneun.

OcTtaHHiM vacom noteHuian EEBOOE  Habys
MOBHILLOrO BUKOPWUCTAHHS B KOMOIHOBaHUX Ta ribpuaHmx
TEXHOMOrisAX, e Hapsay 3 €neKkTpoeposieto
BUKOPUCTOBYHOTHCS iHWi  Qi3nKO-XiMiYHI  NpUHUMNK
BuaaneHHsa matepiany[1,2]. NepcnekTMBHOK, €KOHOMIYHO
BUMOHOK Ta e(EeKTUBHOK € TEXHOMOoriss NOoCMigoBHOI
€eKTPOoEepOo3ifiHOI Ta enekTPoxiMiyHOI 0B6pPOOKK APOTSHUM
eneKkTpoaoM [3]. Micna BUKOHaHHS BUPIi3HOI
€neKTpoeposinHOiI onepauii 6e3 nepectaHoBKM deTani Ta
6e3 3aMiHM [poTsAHOro enekTpogy B 30HY 0OpobOku B
MIDKENEKTPOOHUA MPOMIKOK MOOAETLCS €NneKkTponiT i nig
Jjieto iMNynbCHOro CTpyMy BiAOyBaeTbCsi €nekTpoXiMivyHe
giHiwyBaHHA noBepxHi AgeTani. KeposaHe aHoaHe
PO3YMHEHHS] MOBEPXHEBMX LIAPIB 3HAYHO 3MEHLUYE
LLIOPCTKICTb MOBEPXHi Micns enekTpoeposiiHoi 0bpobku,
BUAAnNsie BEPXHi NepennaBneHuin wap, ycyBae HebaxaHi
30HM TEPMIYHOrO BMIMBY.

Pobouya pignHa (HanvacTiwe — Boga) Ans mpolecy
eneKTpoeposiiHoi  0OpobKM  NoJaeTbCsl  KoakcianbHO
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and is equipped with nozzles (Fig. 2). Technological
operation occurs in the bath so that the parts and
nozzles are completely immersed in the power fluid.
Constant improvement of nozzle design ([4], etc.) is
intended to perform the basic function of nozzles -
forming of stable narrow water flow of high that
penetrates into thin interelectrode space and
effectively removes erosion.

In the next operation on the technology of wire
dimensional electrochemical machining (WDEM)
parts and nozzles are not immersed into the fluid and
electrolyte stream from the upper nozzle is fed into
the operating region. Hydrodynamic stream
parameters are determined by depending on the
composition of electrolyte, concentration, modes of
electrical impulses [5], and most importantly, must be
precisely met along the entire height of the working
unit of wire electrode and throughout the processing
cycle for a given trajectory on the workpiece surface.

Calculations and modeling of electrochemical
dissolution processes in laminar and turbulent
conditions of electrolyte stream clearly indicate the
scope of strict number observations of Schmidt and
Sherwood for the effective control of diffusion,
convection and migration of ions [6]. Particularly
stable distribution of flow field in the interelectrode
space should be provided for NaNO3 electrolyte
which is extremely sensitive to the formation and
lifecycle of the passivating film on the surface of the
steel anodes by changing the speed of the electrolyte
[7].

The operating practice of nozzle on modes typical
of WDEM showed that during processing can be
occurred the issue of formation of air traps within the
electrolyte. It is connected with injection phenomenon
i.e. tightening air into nozzle, which changes the
direction of the fluid, disturbs stability and uniformity
of the jet at the outlet of the nozzle (Fig. 1). It is
unacceptable to technological system operation.

Overcoming the problem is to solve the problem
of engineering modifications of the internal structure
of the nozzle in relation to solving a scientific problem
- numerical simulation and optimization of
hydrodynamic flows inside the nozzle for the
complete elimination of harmful effects and ensure
the stability of the jet at the outlet of the nozzle.

OpOTSIHOMY enekTpoay 3 ABOX Kamep, HUXKHbBOI | BEPXHbOI,
ocHaweHux connamu (puc.2). TexHonoriyHa onepawis
BiAOyBa€eTbCS Y BaHHI Tak, WO AeTanb i conna MOBHICTIO
3aHypeHi B pobouy piguHy. [locTiiHe BAOCKOHANEHHS
KOHCTPYyKUii conen ([4] Ta iH.) Mae Ha MeTi BMKOHaHHS
OCHOBHOI (OyHKUii conen — dopmyBaHHA cTabinbHoOro
BY3bKOro CTPYMEHS BOAU BUCOKOTO TUCKY, SIKUI MPOHWKAE B
TOHKUA MDKENEKTPOAHWUI NPOMIXKOK i eddeKkTUBHO Buaanse
NpOAYKTN epoaii.

Mpwn HacTynHi onepadii No TEXHONOrii eNeKTPOoXiMivHOI
po3mipHOi 06pobku ApoTaHum enektpogom (EXPOLE)
JeTanb i connma He 3aHyploTbCS B PiAWHY, @ CTPYMiHb
eneKkTponiTy 3 BEepXHbLOro confa MnoAaeTbCA B 30HY
06pobKM. lapoanHamiyHi napameTpu CTPYMEHIO
BM3HAYalOTbCA B 3anexHOCTi Bi4 ckmagy enekTponiTy,
KOHLEHTpaLii, PpexumiB eneKkTpuyHuX imnynbcie [5], i
rorioBHe, MOBMHHI OyTM TOYHO OOTpUMaHi B3OOBX BCiel
BMCOTM poBOoYOi YacTMHU [OPOTAHOrO enekTpody Ta Ha
NpoTA3i BCbOro Lukny obpobku no 3apaHii TpaekTopii Ha
noesepxHi getani. PospaxyHku Ta mogentoBaHHs npouecis
€NeKTPOXiMIYHOTO  PO3YMHEHHA MpU  naMiHapHoOMy Ta
TypOyneHTHOMY pexumax Tedii  enekTponity  uiTko
BKa3yloTb Ha CTpOri pamkn goTpumanHsa yucen Lmigra Ta
LepByna Ana eekTMBHOIO KOHTPOM Andyaii, KOHBEKUii
Ta Mmirpadii ioHiB [6]. Ocobnmeo cTabinbHMI po3noain nons
LUBUOKOCTEN MOTOKY B MiXKENEeKTPOAHOMY MPOMIXKY Mae
Oyt 3abesneveHun ans enektponity NaNOs, skui €
HaA3BMYaNHO YyTNMBUM A0 YTBOPEHHS Ta yacy iCHyBaHHS
nacuBylouMx MNiBOK Ha MOBEPXHi CTaneBWx aHoAiB npwu
3MiHi LWBWAOKOCTI pyxy enekTponity [7].

MpakTnka  ekcnnyaTtauii comna Ha  pexumax
xapaktepHux pgna EXPOOE nokasana, wo nig 4ac
0o6pobkn  MOxXe  BuHMKaTM  npobrema  yTBOPEHHS

Oynbbaliok noBiTPS BcepeauHi NOToKy enekTponity. Lle
MOB'AI3aHO 3 ABMLUEM iHXeKUil, TOOTO 3aTaryBaHHsM
MoBiTPS B COMMO, WO 3MIHIOE HaMpPsaM pPyxy PiavHW,
nopywye cTabinbHiCTb Ta OOHOPIQHICTE CTPYMEHIO Ha
Buxodi i3 conna (puc.1). OAna poboTu TexHonoriYHol
CUCTEMU Lie HEMPUMYCTUMO.

MoponaHHs  npobnemMn nonsrae y  BUPILLEHHI
iHXeHepHOi 3agadi mogmdikalii KOHCTPYKUIT BHYTPILLHLOI
OynoBu conna y B3aEMO3B'SI3KY 3 BUPILLEHHAM HayKOBOI
3afjadi — uuMcenbHOMY MOZEenBaHHI i onTumisauii
riopogvHaMiyHMX MOTOKIB BCEpeauHi conmna Ansi MOBHOro
YCYHEHHS LWIKIANMBUX ABULL i 3abe3neveHHst cTabinbHOCTI
CTPYMEHIO Ha BUXOAi i3 conna.

Fig. 1 — The air bubble inside the jet at the outlet of the nozzle indicates of harmful air injection phenomenon, that
destabilizes the fluid flow parameters / [TogimpsiHa 6ynbbawka ecepeduHi cmpymeHro Ha 8uxodi i3 conna ceidyums rpo
wkidnuee siguwje iHxXekyii nosimpsi, sike decmabiniaye napamempu nomoky piduHu: 1 — nozzle / conno; 2 — bubble / 6ynbbawka;
3 —jet/ cmpymiHb
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THE PURPOSE OF THE WORK

The purpose is in providing of set hydrodynamic
regime of power fluid feed in the processing area for
two consecutive technological processes - WEDM
and WDEM by modifying the nozzle design on the
basis of calculations of its operation.

THE MAIN ARTICLE

Nozzle (Fig. 2) for a consistent electrical
discharge and electrochemical wire machining is
placed in the upper chamber of EDM machine, which
serves concurrently as a nozzle cap 3. It consists of
the internal flow generator 8 and the outer part 10. In
the centre of flow generator 8 is channel 6 along
which the wire electrode 5 is fed. The power fluid
through the inlet port 1 is fed to the chamber 2, where
through channels 9 is passed into the outside nozzle
part 10 and then through the excretory channel 11
under the pressure is fed outside as a jet, coaxial to
wire electrode 5.

5

META POBOTHU

MeTta pobotn nonsrae B 3abesnedeHHi 3agaHux
rigpoAMHaMIYHUX PeXnMiB nogadvi pobo4oi piauHM B 30HY
06pobKM Ana ABOX MNOCMIAOBHUX TEXHOMOTYHUX MpoLeciB —
EEBOME ta EXPOIOE wnsaxom moaudikauii KOHCTPYKLIT
conna Ha OCHOBI NMPOBeAEHMX PO3paxyHKiB Moro poboTu.

BUKNAQ OCHOBHOI'O MATEPIANY OOCNIAXEHHA

Conno (puc. 2) Ana NOcnigoBHOI €NeKTPoeposinHoi Ta
€eneKTpOoXiMiYHOI APOTAHOT 06POBKN PO3MILLYETLCS Y BEPX-
Hil Kamepi eneKkTPoeposiHOro BepcTaTy, SfKa CyXWUTb
ogHoyacHo kpuwkoto conna 3. BoHo cknapaetbca 3
BHYTPILWHBOrO hopMyBaya NoToky 8 Ta 30BHILLUHLOI YacTu-
H1 10. B ueHTpi dopmyBaya NoToky 8 3HaxoouTbCs KaHan
6 B3OOBX SAKOro nopaetbcsa ApiT-enektpod 5. Poboua
pianHa Yepes BnyckHui oTeip 1 nogaeTbca 4O kamepu 2,
3BiOKM 4epes3 kaHanu 9 MPOXOAMTb Y 30BHILLHIO YaCTUHY
conna 10 i Hagani 4Yepe3 BuMBigHI kaHanu 11 nig TUCKOM
BMBOAWTBLCA HA30BHI Y BUMMA4I CTPYMEHIO, KOaKCianbHO
OpoTy-enekTpoay 5.

4 3

17

Fig. 2 — Nozzle structure diagram / Cxema npucmpoto corio: 1 — inlet port / enyckHull omsip; 2 - camera inside of the nozzle /
Kamepa & cepeduHi conna; 3 - lid nozzle / kpuwka conna; 4 - additional channel (groove) / dodamkosuti kaHan (nas); 5 - wire-
electrode tool (WET) / dpim-enekmpod iHcmpymerHm (HEI); 6 - WET delivery port / kanan nodayi JEI; 7 - variable insert with

groove / 3miHHa ecmaeka 3 naszom; 8 - internal flow conditioner / eHympiwHiti gpopmysay nomoky; 9 - distributing canals of
internal flow conditioner 8 / po3nodinbyi kaHanu eHympiwHb020 hopmysaya nomoky 8; 10 - the outer part of the nozzle /
308HIWHS YacmuHa corna; 11 - exit channel of nozzle / kaHan suxody i3 conna

The configuration of parts of the nozzle that form
an exit channel 11, create conditions similar to the
operating modes of the jet pumps with nozzle ring
[9, 10]. In the result of injection, air is sucked into
the nozzle through the channel 6 and forcibly enters
into the output stream, breaking its stability.
Simulation showed that by changing the geometry
of the exit section within the adherence of required
hydrodynamic parameters of operation air injection
could not be liquidated completely. Therefore, it is
decided to hold a design improvement so that to
replace air injection to injection of the power fluid.
Modification of the nozzle is as follows.

The internal flow conditioner is equipped with a
variable insert 7 with an additional groove 4.
Conditioner and insertion interconnected by thread.
This allows using one nozzle for different pressures
with replacing only the insert 7. And now the main
part of power fluid from the chamber 2 through
channel 9 goes into the outer part of the nozzle 10
and then goes through the exit channel 11. The
other, much less part of liquid under pressure goes

KoHdpirypauis yactnH conna, wWo OopMyloTb KaHarn
Buxody 11, CTBOpHOIOTbL YMOBM NOAIOHI 00 pexumis
poboTM CTPyMEHEBMX HACOCIB 3 KilbLEBMM COMSIOM
[9,10]. B pesynbTaTi ABULA iHXEKLUIiT NOBITPS Yepes KaHan
6 3aTaryeTbCA B COMMO i NPUMYCOBO MONafae y BUXIOHUN
CTPYMiHb, MOPYLUYO4YM oro ctabinbHicTb.MoaentoBaHHs
nokasaro, O 3MiHOK reoMeTpii BUXiQHMX YaCcTuH conna
B MeXax [OOTPUMaHHS HeoOXiaHMX TriapoAMHaMIYHMX
napameTpiB poboTM He BOAETLCS MOBHICTIO M0306yTUCH
iHXXeKUjiT noBiTpS. Tomy BUPILLIEHO npoBecTn
YOOCKOHAINEHHsT KOHCTPYKLUIT Tak, Wob 3aMiHUTU iHXeEKLto

NnoBITPS Ha iHXekuito pobo4yoi pianHn. Mopgmdikauia
conra rnonsrae B HaCTynHoMmy.
BHyTpiWwHIn  popMyBay  MOTOKY  KOMMIEKTYETLCA

3MiHHOIO BCTaBKo 7 3 AoAaTkoBuM nasom 4. dopmysay i
BCTaBka 3'efHaHi Mix coboto 3a gonomoroto pissbu. Lie
[ae 3MOory BUKOPWUCTOBYBATW OAHE COMMO ANs Pi3HUX
TUCKIB 3 3aMmiHOlO nuvuwe BCTaBkM 7. Tenep OCHOBHa
yacTuHa pobouyoi piguHM 3 kamepu 2 4yepe3 kaHanm 9
NPOXOAWTL Y 30BHILIHIO YacTuHy conna 10 i Hagani yepes
BMBIOHI kaHanu 11. A iHWa, 3HA4YHO MeHLUa, YacTuHa
pPiavHM Nig gieto TUCKY BUXOAUTb Yyepes3 4oOaTKoBMK nas
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through an additional groove 4, calculated cross
section onto the lid surface 3 and through channel 6
enters into the working area, thus replacing the
physical phenomenon of air injection in the injection
of fluid and avoiding excessive spreading of liquid
on the lid surface 3. The groove is to smooth out the
fluid pressure in the nozzle and ensures the
availability of controlled fluid volume of the upper
nozzle lid. The value of the groove should be
selected depending on the pressure and speed of
the fluid supplied to the nozzle.

Simulation of hydrodynamic processes within the
nozzle was carried out to determine the geometric
design parameters that would provide guaranteed
compliance of needed regimes for the formation of
the output stream for WEDM and WDEM
technologies, had resistance to possible errors in
the manufacturing of main parts of the nozzle and
pressure fluctuations of power fluid at the output.
Research was conducted among modern CFD
software packs of computational hydrodynamics.

Applied mathematical model of fluid medium
state inside the nozzle is based on the numerical
solution of the system of hydrodynamic equations
for Newtonian incompressible fluids. It is accounted
laminar, turbulent and transitional modes by
Reynolds-averaged Navier—-Stokes  equations
(RANS equations). It was used averaged by small-
time effect of turbulence on the flow parameters and
large-temporal changes, averaged over small-time
of hydrodynamic parameters flow components
(pressure, velocity) reflected by the introduction of
the relevant derivatives over time. As a result, in
equations additional terms appeared - RANS
equations, and to close this system transfer
equations of turbulence kinetic energy and its
dissipation within the k-&¢ model of turbulence are
used similarly [8]. Mass transfer processes under
the assumption of their minor impact and cavitation
phenomenon because of the absence of conditions
for their occurrence in value range of studied
parameters are not included. Physical fluid
properties (viscosity, density etc.) were set by equal
value of the physical properties of aqueous
electrolyte solutions NaNOs and NaCis -30%
concentrations at a temperature of 30-45 °C. As the
boundary conditions during numerical experiments
overpressure at the nozzle inlet was set, at the
output was set environmental pressure.

Visual representation of the characteristic
pressure distribution, obtained in the calculation of
the fluid is shown in Fig. 3. Similarly fluid velocity
fields inside the nozzle and in its output are
obtained. Analysis of the results makes it possible to
identify "critical* places of design, in terms of the
uniformity of the fluid, to provide set mode of outflow
from nozzle with changing design parameters and
pressure at the inlet. On the output of SEI delivery
port (Fig. 3, b) there is dilution region with lower
pressure 101325 Pa. This means that the fluid is
sucked in SEI delivery port, i.e. injection pheno-
menon takes place. Quantitatively, it is possible to
estimate it by the flow of fluid in annular section
channel around SEI. Such values of fluid should be
provided by additional groove 4 (Fig. 2, Fig. 3, a) to
infill channel with SEI fluid and to prevent an air
inhaling. Thus, criterion for calculating the geometric
parameters of the additional groove depending on
the input pressure and configuration of nozzle parts
that create the injection processes is obtained.
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4, po3paxoBaHOro NonepeyHoro nepeTuHy Ha MOBEPXHIO
KpuLiky 3 i Yepes kaHan 6 notpannse B pobo4y 30Hy, TUM
caMuM 3aMiHIoYM idndHe sBULLE iHXEeKLiT NoBiTpa Ha
IFXKeKUit0 PiAMHW Ta YHUKal4YM HaaMIpHOro po3TiKaHHA
piaMHM no nosepxHi Kpuwku 3. [Ma3 cnyxutb Ans
BMPIBHIOBAHHA TWUCKy piguHn B conni i 3abe3nevye
HasiBHICTb  KOHTpONbOBaHoro o6’eMy  pigMHW  Hag
BEPXHLOK KpWLLKOK conna. BenuumHy nasy HeobxigHO
BMOMpaTN B 3aneXHOCTi Bif TUCKYy Ta LUBWAKOCTI PyXy
PiAVHK, WO NoAaeTbCcs B CONIO.

MopgentoBaHHA rigpogvMHaMIYHMX NPOLECiB BCepeauHi
conna  3AiNCHIOBaNocb 3  MEeTOK  BCTAHOBMEHHS
reoMeTpu4yHuX  napamMeTpiB  KOHCTPYKLii,  SKi 6
rapaHtoBaHo 3abesnevyyBanu [AOTPUMAHHS MOTPIGHMX
pexumis  POPMYyBaHHSA  BUXIOHOTO  CTPYMEHO  And
TexHonorin EEBOLE i EXPOIE, manu crTiikicTb Ao
MOXITMBUX MOXMOOK BUIOTOBIIEHHSI CKNaAOBUX YacTUH
conna Ta cnykTyauin TMCKy pobo4oi piaMHM Ha BXOAi.
[ocnigXeHHa npoBOAMIMCL B CepefoBMLLi  CyYaCHUX
CFD NPorpamHmnx nakeTiB o6uncnoBanbHoi
rigpoanHaMmiKK.

3acTocoBaHa maTtemaTu4Ha MOZenb CTaHy TEKy4oro
cepefjoBulla  BcepeAuHi  conna  6a3yetbcAa  Ha
YNCENbHOMY PO3B’A3KY CUCTEMM PiBHAHb TMiAPOAMHAMIKM
ONS  HEeCTUCNUBOI  HbIOTOHIBCBHKOI  pianHW. BpaxoBaHi
namiHapHi, TypOyneHTHi Ta nepexigHi pexvmmn LUNSXOoM
ycepegHeHHs no PerHonbAcy piBHAHb Hae’e — Crtokca.
BukopurcToByBaBCS ycepeoHeHU nNo mManomy MacLitaby
Yyacy BnnMB TypOyneHTHOCTI Ha napameTpu MNOTOKY, a
BenvkomacluTabHi YacoBi 3MiHW, ycepeaHeHi Mo Manomy
mMacwTaby yacy cknagoBux rigpoavHamiyHUX napameTpis
NOTOKY (TUCKY, LLUBWAKOCTI), BpaxOBaHi LUNAXOM BBEAEHHSA
B pO3rnsa BignoBigHMX noxigHUx no vacy.B pesynbrtaTti B
PIBHSIHHAX 3’ABMITMCS AOAATKOBI AOAAHKU — HaMNpyXeHHs
no PerHonbacy, | AOnNA 3aMKHEHHA Uiei cuctemmu
BMKOPUCTaHi PIBHAHHA MEepeHoCy KiHETUYHOI eHeprii
TypbyneHTHOCTI i 1i Aucunauii B pamkax k-emogeni
TypbyneHTHOCTI, aHanoriyHo [8]. He BpaxoBaHi npouecu
TennomaconepeHocy 3a MPUMNYLWEHHAM X He3Ha4yHoro
BMMAMBY Ta KaBiTauilHi sBMWA NO NPWYUHI BiACYTHOCTI
YMOB AnA iX BUWHWKHEHHS B [Jianas3oHi 3HadeHb
pocnigxyBaHux napameTpiB.PisuyHi BMacTMBOCTI PiavHA
(B'A3KiCTb, rycTvHa i T.N.) 3agaBanncs PiBHUM 3HAYEHHAM
i3nyHMX BNacTMBOCTEN BOOHMX PO3YMHIB €NEKTPOriTiB
NaNOz ta NaCl6-30% koHueHTpauji npu TemnepaTtypi 30-
45 °C. B 4KOCTi rpaHW4YHMX YMOB MpW MNPOBEOEHHI
UYNCENBbHOTO EeKCMEePUMEHTY 3adaBaBCH HaO ULLIKOBUN
TUCK Ha BXOAi conna, Ha BUXOAI — TUCK OTOYYHUOro
cepeaoBuLa.

BisyanbHe npeactaBneHHs xapakTepHOro posnoginy
TUCKY, OTPMMAHOro B NPOLIECi PO3paxyHKy pyXy PiavHW,
HaBegeHoO Ha puc. 3. AHamMoriYHO OTPUMAaHI Mons WBUA-
KOCTEN pianHM BCepeauHi conna i Ha noro BmMxoai. AHania
pe3ynbTaTiB Aa€ MOXIMBICTb BUSABUTU “KPUTUYHI® Micus
KOHCTPYKLii, 3 TOYKM 30pYy PIBHOMIPHOCTI PyXy PiAvHW;
3a6e3neunTn 3agaHnii pexunMm BUXoady CTPyMeHs i3 conna
3i 3MiHOKO KOHCTPYKTMBHMX MapameTpiB Ta BenUYUHU
TUCKY Ha Bxopi. Tak Ha Buxogi 3 kaHany nogavi JEI (puc.
3, 6) cnocTepiraetbca 06NacTb PO3PIMKEHHST 3 TUCKOM
mMeHwum 101325 Ma. Le o3Havae, Wo pigMHa 3aTaryeTb-
ca no kaHany nogadi OEI, Tob6to Mae wmicue siBule
iHxekuil. KinbkicHO MOro MoXHa OUiHUTU 3a BUTPaTON
pidvHU no nepepisy KinbueBoro kaHany Haskono [EI.
Came Take 3HayeHHA BUTpATU PiAMHU  MNOBUHEH
3abeaneyyBatn gogatkoBuin nas 4 (puc.2, puc. 3, a) ans
3anoBHeHHs kaHany 3 [EI piguHoto | 3anobGiraHHs
3aTAryBaHHIO NOBITPSA. TakuM YMHOM OTPMMAHO KpuTepin
Ona po3paxyHKy reoMeTpUYHNX napameTpis A0AaTKOBOMO
nasy B 3aneXHOCTi Bid BXiQHOrO TUCKY Ta KOHdirypauii
YacTWH conna, siki CTBOPIOIOTb iHXEKLiNHI npouecu.
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b

Fig. 3 — Visualization of the results of numerical modeling of fluid flow in the nozzle / Bisyanizauis pe3ynbmamig 4ucenbHO20
modentosaHHs pyxy piduHu & corni: a - the internal geometry of nozzle, velocity field (m / s) / sHympiwHss 2eomempis conna
rone weudkocmed, (m/c); b - exit area of jet from nozzle - distribution of excess pressure, (kPa) / o6racmb 8uxo0y cmpymeHs i3
conna — po3nodin HadnuwkKo8o2o mucky, (klla)

A number of calculations are carried out and
square value of cross-section of an additional
channel for different configurations of the internal
structure of the nozzle and inlet supply pressure of
electrolyte are set. They are specific to the system in
WDEM mode.

To verify received data and to refine the
calculation  model, series of experimental
measurements are carried out. Additional groove 4
was blocked, on top of the SEI input channel feed
sampling tube are attached hermetically, the other
end of which is submerged in a separate container
with controlled volume of liquid. During feeding a fluid
to nozzle inlet with a given excess pressure flow rate
was measured (by weight) that was sucked down
through the sampling tube and liquid flow at the outlet
of the nozzle. Calculated and experimental results for
the nozzle design (Figure 2) are shown in Table 1.
Differences within an acceptable engineering
accuracy are taken.

MpoBegeHo psg  po3paxyHKiB  Ta  BCTAHOBMEHO
3HAYEeHHs NnoLi MOMepeyHoro mnepepisy [A0AAaTKOBOro
KaHany Ans pisHWMX KOHQirypauii BHYTpPiWHLOI 6yaoBsu
conna Ta BXigHWX TUCKIB noadi enekTponiTy, XxapakTepHux
ans pobotn cuctemun B pexxumi EXPOJE.

[na nepesipkyn OTPMMaHUX [aHUX Ta YTOYHEHHS
pO3paxyHKOBOI mozaeni npoBeAeHo cepito
eKkcrneprMeHTanbHux BuMiptoBaHb. [logatkosui na3 4 6ys
nepekputun, 3Bepxy Ha Bxia kaHany nogadi [AEI
repMeTNYHO MpukpinneHa 3abipHa Tpybka, iHWMIA KiHeub
AKOI 3aHYpPEeHUA B OKPEMY €EMHICTb 3 KOHTPOMbOBAHUM
ob6’emom pignHn. MNpu nogadi Ha BXig conna piguHK i3
3a4aHMM HaAMLLIKOBMM TUCKOM BUMIpIOBanvcs BUTpaTu
PiavHN (LLNAXOM 3BaXyBaHHS), O 3aCMOKTyBanach Yepes
3abipHy Tpybky, Ta BUTpaTK piguMHM Ha BuxoAi i3 comna.
PospaxyHKOBi Ta eKkcnepumeHTanbHi pesynbTatv  Ang
KOHCTpYKUji conna (puc.2) npuBegeHi B Tabnuui 1.
OTpumaHi po3BiXXHOCTI B Mexax OOMyCTUMOI iHXEHEepPHOI
TOYHOCTI.

Table 1
Comparison of the calculated and experimental results / [TopieHsAHHSI po3paxyHKkoeux ma
ekcrepuMeHmasnbHUX pe3ysbmamie
Specifications / Xapakmepucmuku The numerical values / Yucnosi 3HayeHHs1
Excessive inlet pressure, atm / 0,2 0,3 0,4 0,45 0,5
Hadnuwkosuli muck Ha 8x0di, amm
Expenses on the output of the calculation / 0,72 0,9 1,03 1,14 1,2
nozzle Qoutput, | / Min po3paxyHoK
Bumpamu Ha euxodi i3 conna experiment / 0,7 0,96 1,1 1,16 1,24
Qoux, J1/x8 eKcrepuMeHm
error, % +3 -6 -6,3 -2 -3
noxubka, %
Expenses through additional calculation / 0,014 0,016 0,022 0,027 0,029
channel Qgroove, | / MiN po3paxyHoOK
Bumpamuvyepes 6odamkoeuli  [gyneriment / 0,016 0,017 0,024 0,029 0,031
KaHas Quas, 11/X8 eKcrepuMeHm
error, % -12,5 -6 -8 -7 -6
rnoxubka, %

A number of computational experiments to
identify places in the nozzle design of the most
"sensitive"” in terms of maintaining given
hydrodynamic modes to errors by manufacturing in

MpoBeneHo psap obumncnioBanbHUX €KCNEPUMEHTIB MO
BUSIBMIEHHIO MiCUb B KOHCTPYKUii comna HanbinbL
“‘gyTnivBmx”, 3 TOYKM 30py 30epexeHHs  3agaHux
rigpoaVHAMIYHMX PEXUMIB, 0O NOXMOOK NP BUrOTOBIIEHHI
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order to establish reasonable requirements for
precision in design documentation are held.

In particular established, that variations in surface
roughness of nozzle parts in calculations under the
applicable model did not lead to significant changes
in the output parameters (Table 2).

3 METO BCTAHOBIEHHSI 0O6rPYHTOBAHMX BUMOT MO TOYHOCTI
B KOHCTPYKTOPCbKii JOKYMEeHTaLji.

30Kkpema BCTaHOBMNEHO, WO Bapiauii LWOPCTKOCTI
NMoBepxHi [eTanen conna npu po3paxyHkax B paMkax
3acTOCOBaHOI MoAeni He npu3Benu A0 CYTTEBUX 3MiH Yy
BUXiOHNX NapameTpax (Tabn.2).

Table 2
Dependence of fluid flow from the surface roughness of nozzle parts
Excess pressure at the inlet P, atm / 0,2 0,3 0,4 0,45 0,5
Hadnuwkosuti muck Ha exodi P, amm
The numerical value of expenses, I/ min / Yucnosi 3HauyeHHs sumpam, 11/x8
Perfect surface / 0,72 0,9 1,03 1,14 1.2
I0eanbHa nosepxHs
Roughness R,=10 ym/ 0,72 0,9 1,03 1,14 1,2
Llopcmkicmb R,=10 Mkm
Roughness R,=20 ym/ 0,73 0,91 1,03 1,15 1,2
Llopcmkicmb R,=20 MKM

A range of test calculations of hydraulic
processing characteristics of the received internal
geometry of the nozzle is done on the mode of high
input pressure typical to nozzle operation at WEDM
technology to determine the exact hydrodynamic
parameters of the fluid jet at the outlet of the nozzle
directed to interelectrode gap for removing the
products of erosion.

Practical testing of the nozzle during electrical
discharge and electrochemical machining is
conducted. During EDM processing was observed
effective removal of products of erosion from
interelectrode gap that ensured increasing of cutting
speed. And in the process of the next electrochemical
machining is received steady even jet of electrolyte
around the wire electrode across height-anode parts,
which in turn had a positive impact on the quality of
finish surface of parts.

CONCLUSIONS

1. On the basis of the calculated and experimental
researches the design of the nozzle is set, which
provides the necessary hydrodynamic
characteristics of the jetting of power fluid into the
processing area at consecutive WEDM and
WDEM technologies.

2. Patentable is a design solution with additional
channel of calculation cross section that
completely eliminates the air injection and
stabilizes the output jet.

3. Design modeling technique is developed on basis
of methods of computational fluid dynamics (CFD
methods), which increases the productivity and
design accuracy of feed units of power fluid for
technological processes significantly.
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