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Abstract — In this present study, three dimensional flow
pattern of Electrochemical Machining process hagrbe
simulated using Computational Fluid Dynamics (CHD)
L-shaped tool model. The ANSYS software is usethéor
design and analysis of a model. Different process
parameters like volume fraction profile, velocityofile,
pressure profile temperature profile and heat fhurfile of
electrolyte flow in the Inter Electrode Gap (IEGk.ehave
been evaluated from the simulation using this modké
results indicated generation of hydrogen bubblesvirich
the turn reduced the volume fraction of brine dejien
upon the tool geometry. Reduced brine volume fradid

to reduction in MRR. As a result of hydrogen bubble
formation, temperature towards the boundaries were
increased rapidly as gaseous hydrogen bubbles pssse
sufficiently lower convective heat transfer coéfit as
compared to liquid brine. For validating the simtiten
results, a set of experiments have been carriecoECM

by fabricating the tool geometry. The experimemnéslults
were analyzed by using MINITAB software.
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l. INTRODUCTION
Electrochemical machining (ECM) is one of the most
potential un-conventional machining processes. basic
principle may be considered as the reverse of relgletting
with some modifications. Further, it is based ore th
principle of electrolysis. In a metal, electricig/conducted
by the free electrons, but it has been establishadin an
electrolyte the conduction of electricity is aclédvthrough
the movement of ions. Thus, the flow of currenbtigh an
electrolyte is always accompanied by the movemdnt o
matter. Thus ECM can be thought of a controlleddic
dissolution at atomic level of the electrically dawctive
work-piece by a desired shaped tool due to flowhigh
current at relatively low potential difference thgh an
electrolyte which is quite often water based néusit
solution. ECM is one of advanced machining techgiel®
and has been applied in highly specialized fiefdsh as
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aerospace, aeronautics, defense and medical iredusin
present days, ECM is used in other industries sagh
automobile and turbo-machinery because of its wuario
advantages. In case of complicated shapes of wiedept
is very difficult to know the machining variables
distribution within the inter electrode gap (IEGRy
studying the flow pattern of electrolyte, we caedict the
machining variable distribution accurately and thezem
avoid the passivation which is the major problereE@M in
complicated shape cases. Again, two phase effgdtdben
bubble generation) has a major role on the macginin
variables as well as on the material removal ratesarface
roughness. The flowing electrolyte collects the lewng
hydrogen gas generated at the cathode. Electrobgehree
main functions in ECM. It carriethe current between the
tool and work piece, it removes the products ofréection
from the cutting region, and it removes heat predumn
operation. Normal electrolyte used for ECM foraimmon
metals & alloys is solution of Sodium Chloride (Na@
water. They react with the work piece and formlawhich
dissolves in electrolyte.

1. EXPERIMENTATION
This deals with the experiment that has been cdedua
the ECM set up. The experiments were conducted kvith
shaped tool as per the dimensions of model to dimdthe
MRR to validate the simulation results.
2.1. ECM Set up
The ECM set up used for the experiment is as shovtine
fig.2.1 and the control panel is as shown in fig.2.

Fig.2.1: ECM set up used for the experiment
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Fig.2.2: Control panel

2.2. Fabrication of Tool and Work-Piece

For doing the experiment, we need to fabricatetdloéand
work-piece of exact dimension as that in the maatglIFor
fabricating the tool, we have procured a copperand cut
the rod into L-shape is produced by facing, filiagd
turning operation was done and to polish it, weehased
grinding operation. Again, for the groove, a throuwle is
drilled on the tool by the help of the drilling ntéige. Now,
the L-shape is ready. A pipe having one side thedamhd is
used for connecting the tool with the tool holdEne pipe
is fabricated with a through hole of same dimensisrthat
of the groove in the tool. After generation of Lagle and
the pipe, both of them are aligned properly andzdémlaas
shown in the fig.2.3. After brazing, the requiremblt is
ready the bottom of tool is shown in fig.2.4. Therkpiece
material used is iron which is procured and isiauto 9
circular pieces of diameter 60 mm.

Fig. 2.3: Brazing of tool  Fig. 2.4: Bottom ofolo

2.3. Taguchi Experimental Design and Analysis

Taguchi design focused at greater understanding of
variations of parameters. Taguchi proposed to exéath
experiment with an "outer array" called the orthoglo
array. In this experiment, Minitab software is used
Taguchi design. In this study, 3 level designsg@tdrs)
with total of 9 numbers of experiments are condiieted
for this orthogonal array L9 is used. The machining
parameters and their levels with details are shiovtable
2.1. The experimental observations for tool arenshin
the table 2.2. The iron work-pieces after machirforgall

the runs using tool is shown in fig.2.5.

Table.2.1: Machining parameters and their levels
Machining | Symbo]Unit| Levels |
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parameters Levellevel2Level 3
Voltage \% \% 10 12.5 15
Flow rate F | m§g 30 35 40
Concentratioo C |g/L 60 85 110

Table.2.2: Experimental observation table using L9
orthogonal array

Run 1] 2] 3] 4 9 4 7 8 9
Voltage (V) | 10/ 10| 10 12/12/12. 15(15|15
5|55
Flowrate | 5| 351 40| 30| 35/ 40| 30| 35| 40
(m/s)

ConcelrL';rat'on(gﬁo 85110 85[110 60[110 60| 85
'"'t'a'(g;e'ght 419379 418/538454455413414514
Final weight A A

o 418377/416/535452454411413512

Time (min) | 10{ 10| 5 |10/10| 5|10{10| 5

MRR 12.[25. 38.25]25/25.[12]50.
(mm¥min) | 7|4 1244|479

Fig.2.5: Work-pieces after machining

I11.  MODELLING AND SIMULATION
The analysis techniques, geometric modeling anahdbery
conditions are explained in this work. ECM set wmsists
of a work-piece, tool and an electrolyte solutiédork-
piece should be electrically conducting material e tool
may or may not be. Commonly used electrolytes a@€IN
solution and NaNO3. To get required shape in thekwo
piece, tool should be designed properly. The sludpihe
tool affects the critical parameters of machinidgother
important aspect in the modelling of ECM is thewflo
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pattern of electrolyte and the various intervenfagtors
those are affected by the two phase flow patter
electrolyte.

3.1. Geometrical Modelling

A finite element based commercial CFD software pgel
ANSYS is used undethe Windows7 6-bit operating
system for the simulation study. In the presentutation
process, the modelling is done with ANSYS softwdaree
L-shaped tool with central through hole model is ufs
the simulation studyThe initial shape of the wo-piece is
circular in shape with 60 mm diameter and 20 mngltte
Model of work-piece is shown in fi§.1. Electrolyte use
for this simulation is NaCl solution (20%). The elelyte
starts flowing with a constant diameter of 3 mmnfrthe
inlet of the tool. The long side of thedhape is having 3
mm length and short side of 15 mm length and thereél
hole has diameter of 3mm. Top view of the toolhiewen in
fig 3.2 and 3D view is shown in fig.3. Inter electrode ge
(IEG) is kept constant at 0.5 mrihe key dimension:
feature of the physical model is as shown in t&le The
complete physical ndel of workpiece tool set up is
shown in fig. 3.4.
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Fig. 3.3: 3D view c;f tool used for simulati
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Fig. 3.4: Physical mod
Table3.1: Element tyg

S.NcComponerMateriapgast'(ca Shape Dimension(mm
1| Work 1 yon | solid Cylindrica 60 dia. X 20 ht
piece
Arm 30 X
. Width 15 X
2 Tool Copper Solid | L-shaped Height 50 X

central hole 3@

3 | Medium | Bring| Fluid - -

3.2. L Shaped Tool with Central Through Hole
A simple L shaped todiaving a central through hole witt
diameter of 3mm and height of 50 mm. This centr¢hel
hole is fixed on (-7.57.5) coordinate in the XZ plane. FlL
is flowing through the through hole and flow outadihgh
the IEG. Top viev of the tool is shown iifig.3.2 and 3D
view is shown in fig 3.3Inter electrode gap (IEG) is ke
constant is 0.5mm.
3.2. Boundary Conditions
Before considering the boundary conditions,
computational domains should be specified. In
simulation three domains are being usech as two solid
domains and a fluid domain. One solid domain fork-
piece and other is for tool. Materials of solid domare
considered as pure solids. Morphology of materi@lghe
solid domain is given as continuous solid and esfee
temperature igiven 298K. Electric potential model wi
automatic value is chosen from Electromagnetic
Fluid domain is constructed for electrolyte. Twotengls
are taken for fluid domain as it is a two phasa/famalysis
Morphology for fluid domain is takeas continuous fluid
for brine and dispersed fluid for hydrogen bubblébe
properties of the materials used in these domaeset a
per the values in thable 32.
Table.3.2 Material propertie:

Properties Brine | Copper [ron |Air

Molar mass

(kg/kmol)
Density (kg/ml) | 105( 8933 7860 | -

58.4¢| 63.55 56.85| -
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Specific heat
(kg K) 3760 385 460 -
Dynamic 0.00
viscosity(Pa's) | 1 i i i
Thermal
conductivity 0.6 401 80 -
(W/m K)
Electrical il
conductivity (S/m) 8.43 | 5.96E+07 1E+07| -
Convection
coefficient 1000 - - 100
(W/m?K)

IV. RESULTSAND DISSCUSSIONS
The analysis of the results and discussion of tloeleh

generated in ANSYS as per the required dimentidins.

shows the crucial parameters affecting overall rimaich
process of ECM in terms of contours from which vea c
predict the variation of these parameters in thé l&nd
their effects.

4.1. Volume Fraction Profile

Fig.4.1 shows the volume fraction profiles of thmolt
generated. The inlet velocity for this simulatidndy was
taken as 40 m/s. The volume fraction contour hasvatthe
volume fraction of brine in the homogenous mixture
continuous fluid brine and a dispersed fluid hydnog
bubble.

00075

Fig.4.1: Volume fraction profile for tool
4.2. Velocity Prdfile
Fig.4.2 shows the velocity profile for tool with anlet
velocity of 40 m/s, which indicates that velocity two

phase electrolyte is increased from the groove he t

boundary partly due to reduction in area of flovd grartly
due to formation of hydrogen bubbles resulting ioren
turbulence.
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Fig.4.2: Velocity profile for tool
4.3. PressureProfile

The pressure profiles describe about the variation
pressure in the IEG on the plane of machining afsain

this tool, there is very large amount of productioh
hydrogen bubbles and because of cavitation effeéat,
pressure increases at a large number of nuclees fsdm
the groove outlet towards the outer boundaries sipthe

places of hydrogen bubbles and hence high prezsures
as shown in fig. 4.3.

-1

Fig.4.3: Pressure profile for tool
4.4. Temperature Profile
Temperature pattern is a very crucial aspect for gtudy.
As can be shown in the fig.4.4, the temperatureast at
the groove outlet and goes on increasing rapidlywas
move to outside for tool. It crosses the boilingnpaof
brine which in turn produces phase change and ptmau
of hydrogen bubbles as secondary dispersed phase.

Fig.4.4: Temperature pattern for tool
4.5. Heat Flux Pattern
Heat is generated in the IEG due to joule’s heatiByg
appropriately designing tool shape, the heat géedrand
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thus the overheating can be avoided. The fig.4eS¢cidbe
the heat flux pattern for the tool model.

rrrrr

Fig.4.5: Heat flux contour for tool
In this simulation, we have assumed that the heatigted
in the IEG is only due to Joule’s heating. Heatxflg
nothing but the heat generated per unit machinieg.a&or
tool, the value is less near the groove outlet. 8utwe
proceed towards the outer, the heat flux incretsesvery
high amount. This higher value of heat flux exialisover
the outer boundary of L-shape in a comparativelgda
area. The minimum amount of heat flux is -2.823 W\
maximum amount is 3.763 W/m
4.6. Interphase Mass Transfer Profile
Fig.4.6 shows the interphase mass transfer prifil¢ool.
Interphase mass transfer rate depicts the conwersfo
secondary phase from primary one. It may occur tue
bubbling of brine and hence production of hydrogen
bubbles. In this larger amount of conversion frormé to
hydrogen and this conversion goes on increasing filee
groove outlet towards the outer boundaries. This/emsion
can be described as nucleus sites formed randomly
throughout the L-shape except at the groove outlet.
4.7. Turbulent Kinetic Energy Profile
Fig.4.7 shows the turbulent kinetic energy contimurtool.
As in this analysis, we have considered kiodel for the
turbulence, so there is a variation in k as welinas for a
variation in the turbulence. Turbulence in theekmodel
depends on turbulent kinetic energy (k) and tunituksldy
dissipation £). Roughness of the machined surface has a
direct link with the turbulence. Turbulent kinetémergy
depicts the energy in the turbulence. Turbulentetiin
energy is produced by fluid shear, friction or balogy or
through external forces at low frequency eddy schhy
this tool the turbulent kinetic energy value is @wear the
groove outlet and increases towards the outer lariew
because of more turbulence which may be due to the
formation of hydrogen bubbles. The minimum turbulen
kinetic energy is 1.493 X 10m?/s’ near the groove whereas
maximum value is 5.617 X 10n?/s’ near the outer portions
as depicted from the fig.4.7.
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Fig.4.6: Interphase mass transfer profile for tool
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Fig. 4.7: Turbulent kinetic energy contour for tool

V. CONCLUSION
Three dimensional two phase flow pattern analydis o
electrochemical machining with L-shaped tool pread
fundamental idea of velocity distribution, presspedtern,
temperature profile, turbulence etc. in the IEG. A
cylindrical Iron work-piece, L-shaped Copper tonbda&20%
brine solution as electrolyte was considered ia #malysis.
The tool is analysed with inlet velocity of 40 nafsd with a
residual target of 1x10-4. To validate the simudatesult,
experimentation was carried out in ECM by fabricgtthe
tool Model with the same dimension as in simulati®he
experimental results are analysed by using CFDvsod.
Volume fraction profile for brine indicates that mo
hydrogen bubbles are generated and the velocitfilgro
indicate very high value at the outer side of geaue to
the turbulence created because of the generation of
hydrogen bubbles. Pressure profile describes thgspre in
the machining area and it has randomly generatgt hi
pressure spots throughout the machining area exaept
groove outlet because of the cavitation effecthat points
of hydrogen bubbles generation. Similarly, tempeet
pattern indicates boiling effect in the machiningeaa
resulting in the generation of hydrogen bubbles.
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