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Abstract

Article Information

Abrasive jet machining (AJM) is a micromachining process, where material is removed from
the work piece by the erosion effect of a high speed stream of abrasive particles carried in a
gas medium, which are emerging from a nozzle. Abrasive machining includes grinding super
finishing honing, lapping polishing etc. The common nozzle shape presently used in AJM
machining process is rectangle and circular shape nozzle which gives a low flow rate and
further demands on decreasing the material removal rate (MRR), so this research mainly
focuses on designing nozzle geometry to improve flow rate and MRR in AJM machining
process. The elliptical shape nozzle has been designed and analyzed using computational
fluid dynamics software (CFD). CFD is the most efficient software for flow rate analysis. The
result shows the improvement in flow rate about 574.2m/sec and MRR of newly designed

nozzle geometry i.e elliptical shape in abrasive jet machining.
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INTRODUCTION

Abrasive water jets, namely water jets containing
abrasive particles, have a considerable niche in the
material processing industry. Like laser cutting
instruments they are accurate, easily managed and cause
very little loss of material. However, abrasive jet cutting
does not involve high temperatures, which is
characteristic to laser cutting, and as a result they are
suitable for practically any material. Furthermore, the
instrumentation required for high-speed jets is simpler and
much cheaper. Consequently, jet cutting can be
implemented in a broad range of industries, ranging from
small machine shops and quarries, to large sheet metal,
composites or ceramic processing in the car and aircraft
industries (Umang Anand et al., 2003).

Abrasive Jet Micro Machining (AJMM) is an
unconventional machining technique, in which high
pressure gas is used as medium to accelerate the
abrasive grits and make them form an effect of impact or
erosion on workpiece. It's applicable to the micro
structural machining and the surface treatment of parts.
The principle of Abrasive Jet Machining (AJM) is mostly
analyzed and a set of principle experiment device is
contrived, the AJM process is observed through
experiments, the characteristics of AJM are analyzed
(Yan Qiusheng et al., 2002). This paper presents CFD-
simulations of different diffuser elements used in valve-
less diffuser pumps and nozzle elements used in dynamic
micropumps. The results are compared with
measurements and with analytic expressions based on
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empirical results known from basic fluid mechanics. The
working principles of the diffuser element in the valve-less
diffuser pump and the nozzle-element in the dynamic
micropump are investigated (Olsson et al., 1997).

Machining process is the common method of
production process. Development of newer materials
wants to change traditional to non-traditional machining
methods. Cutting of brittle material by conventional
machining is difficult than unconventional machining
process (Sehgal, 2011). Now a day’s CFD is the most
famous software for flow analysis (Alina Oancea et al.,
2012). The existing circle and rectangle shape nozzle
gives a low flow rate which further demands on
decreasing the material removal rate (Bhaskar Chandra,
2011). The ftraditional methods used for machining
processes like cutting and deburring can be efficiently
replaced by Abrasive Jet Machine. Hard and Brittle
materials can be efficiently cut by using this technique. In
the present work an experimental investigation of cutting
the ceramic tiles with abrasive jet machining is carried out
and the effect of different cutting parameters on the
Material Removal rate is studied (Gulhane et al., 2013)

The literature study reveals that the process was
developed a few decades ago, many experiments and
studies on this process has been conducted and there is
still scope for research and development.
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MATERIALS AND METHODS

The major field of application of AJM process is in the
machining of essentially brittle materials and heat
sensitive materials like glass, quartz, sapphire,
semiconductor materials, mica and ceramics. It is also
used in cutting slot, thin sections, countering, drilling,
deburring, for producing integrate shapes in hard and
brittle materials. It is often used for cleaning and polishing
of plastics nylon and Teflon components. Delicate
cleaning, such as removal of smudges from antique
documents, is also possible with AJM.

Circular Nozzle

The abrasive particles are directed into the work
surface at high velocity through nozzles. Therefore, the
material of the nozzle is subjected to great degree of
abrasion wear and hence these are made of hard
materials such as tungsten carbide or synthetic sapphire.
Tungsten carbide nozzles are used for circular
cross-sections in the range of 0.12-0.8 mm diameter, for
rectangular sections of size 0.08 x 0.05 to 0.18 x 3.8 mm
and for square sections of size up to 0.7 mm. Sapphire
nozzles are made only for circular cross-sections.The size
varies from 0.2 to 0.7 mm diameter. Nozzles are made
with an external taper to minimize secondary effects due
to ricocheting of abrasive particles. Nozzles made of
tungsten carbide have an average life of 12 to 30 hours
while nozzles of sapphire last for about 300 hour of
operation when used with 27 ym abrasive powder. The
rate of material removal and the size of machined area
are influenced by the distance of the nozzle from the work
piece. The abrasive particles from the nozzle follow a
parallel path only for a short distance and then the jet
flares resulting in the over sizing of the hole. It is observed
that the jet stream is initially a cylinder for about 1.6 mm
and then it flares into a cone of 7° included angle.The
material removal rate initial increases with increase in the
distance of the nozzle from the work piece because of the
acceleration of particles leaving nozzle. This increase is
maximum up to a distance about 8 mm and then it
steadily drops off because of increase in machining area
for the same amount of abrasive and decrease in velocity
of abrasive stream due to drag.

Circular Shape Nozzle

The circular nozzle has Low material removal rate and
hence application is limited. It has a narrow flow path from
the outlet section (figure 1). Nozzles edges will get etched
by the mixture of abrasive particles and air. After the
optimum value the diameter diverge by that the life of
nozzle is calculated.

Figure 1: Existing Circular Nozzle Design

Specification of Circular Nozzle

The table 1 shows the specification of circular nozzle
for the development and analyzing of flow rate and
velocity
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Table 1: specification of circular nozzle

Medium Air, CO2 ,N2

Abrasive Sic, Al203 (of size 20y to 50y )
Flow rate of abrasive 3 to 20 gram/min

Velocity 150 to 300 m/min

Pressure 2 to 8 kg/cm2

Nozzle size 0.07 to 0.40 mm

Material of nozzle WC, Sapphire

Nozzle life 12 to 300 hr

Standoff distance 0.25 to 15 mm (8mm generally)

Non Metals like glass, ceramics, and
granites.Metals and alloys of hard
materials likegermanium, silicon etc

Drilling, cutting, deburring, cleaning

Work material

part application

Modification of Nozzle Geomentry

Designed the elliptical nozzle for required dimension is
drawn shown in figure 2. Design of modified nozzle shape
using CFD has been analyzed and the table 2 shows the
improvement in characteristics. To examine analysis are
used various nozzle shapes and among those design
required and designed shapes is obtained. From that
nozzle the output is taken for need.

A
v

0.8 m
Figure 2: Elliptical Nozzle Design Dimension

Table 2: Experimental Parameters in AJM -Elliptical

Nozzle

No AJM Parameter Condition
1 Type of medium Air

2 Velocity 190 m/sec
3 Jet pressure 2-3 k g/cm2
4 Meshing level 3

5 Meshing gap size 0.0008 mm
6 Analysis type internal flow

Experiments Parameters in Abrasive Jet Machining
Process in Elliptical Nozzle (table 3) considered as Air is
medium, Velocity 19m/sec and Abrasive jet pressure fixed
2-3 kg/lcm2. Meshing level and Meshing gap size are 3
and 0.0008mm accordingly.

RESULT AND DISCUSSION
Shape of Design-Circular Nozzle

Circular Nozzle- Velocity: The figure 3 shows the flow is
from Y to X direction and the initial velocity is 61.559m/s.
Obtained the final velocity is 603.535 m/s in circular
shaped nozzle according the parameters fixed.
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Figure 3: Velocity of circular nozzle

Circular Nozzle -Pressure: Figure 4 shows the assigned
outlet pressure of 2 bar in environment pressure. 6.97 €10

is inlet pressure of the nozzle and finally obtained nozzle
velocity 2.83 e13.
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Figure 4: Pressure of circular nozzle

Circular Nozzle -Meshing: Figure 5 shows the meshing
process, where meshing has done for circular nozzle at a
level of four to find the analysis result accurate.

Circular Nozzle -Velocity Analysis: The Figure 6 shows
analysis result for velocity and pressure, The velocity has

been analyzed and values achieved from 0 to 612.8m/s.
The result has been considered for comparison of
modified elliptical nozzle to know the improvement in
design modification.

Figure 5: Meshing of circular nozzle

Velocity [mfs]

Min=0 m/s Max=612.867 m/s
Iteration = 208

. 612.867 mfs

-
ll]m{s

Figure 6: velocity analysis of circular nozzle
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Circular Nozzle -Pressure Analysis

The figure 7 shows analysis result for pressure, The
pressure has been analyzed from  minimum value
6.9690e+010 pa to maximum value 2.83365e+013pa.the
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result has been considered for comparison of modified
elliptical nozzle to know the improvement in design
modification.

Pressure [Pa)

Min=6.96904e+010 Pa Max=2.83365e+013 Pa
lteration = 208

2.83365e+013 Pa

6.96904e+010 Pa

Figure 7: Pressure analysis of circular nozzle

Specification: Meshing size — 4 and Inlet velocity- 190
m/s Environment pressure — 2 bar

Surface Parameters: The table 3 shows the analysis
result of circular nozzle surface parameters, The local and

integral parameters of surface parameters has been
analyzed using CFD to obtain the activity of performance.
The result has been considered for comparison of
modified elliptical nozzle to know the improvement in
design modification.

Table 3: Surface Parameters of Circular Nozzle using CFD

)
ity
L)

el ]

oo e o | v e

In circular nozzle, obtained velocity of 559.15 m/s and
the mass flow rate is -853.87 kg/s and also in case of
necessity the volume and temperature can be obtained
through the above data’s.

Graph for Circular Nozzle-Velocity: The graph has
been plotted between velocity m/s and number of
iteration(figure 8). The graph shows that the velocity
decrease from 670 to 570 m/s with increase of number of
iteration from -100 to 210 in circular nozzle of AJM
process

cirto cir 0.4 to 0.8.SLDPRT [Project [Default]]
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Figure 8: Circular nozzle the velocity was taken with iteration
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le -Volume Flow Rate: The the volume flow rate increases from
0.00025 m®/s with increase of number of iteration from 0

to 210 in circular nozzle of AJM process

Graph For Circular Nozz

graph has been plotted between volume flow rate m*/s
and number of iteration (figure 9). The graph shows that
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Graph For Circular Nozzl

has been plotted between mass flow rate kg/s and

number of iteration (figure

e -Mass Flow Rate: The graph

10). The graph shows that the =~ AJM process

Figure 9: Circular nozzle the volume flow rate was taken with iteration
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Graph For Circular Nozzle -Static Pressure: The graph
has been plotted between static pressure pa and number

Figure 10: Circular nozzle the mass flow rate was taken with iteration

of iteration (figure 11). The graph shows that the static =~ AJM process.
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Figure 11: Circular nozzle the static pressure was taken with iteration

mass flow rate decrease from 0 to -870 kg/s with increase
of number of iteration from150 to 210 in circular nozzle of

pressure from -1E+11 to -1.5E+11 pa with increase of
number of iteration from 145 to 210 in circular nozzle of
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Elliptical Nozzle-Velocity: The Figure 12 shows the flow

is from Y to X direction and the initial velocity of 64.196
m/s and we obtain the final outlet velocity is 649.26 m/s in
elliptical shaped nozzle.

Sci. Technol. Arts Res. J., Jan-March 2015, 4(1): 171-179

Elliptical Nozzle-Pressure: The figure 13 shows the
assigned the outlet pressure 2 bars in environment
pressure.1.39 e11 is inlet pressure of the nozzle and
finally obtained nozzle velocity 1.96 e13.

raE 283
=l 5l
mi B AT
434,240
8 73z
4525
SO E
g 13470
LEL R
B B0

Flreg Trap=ciorias 1

-

Figure 12: Velocity of Elliptical nozzle
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Figure 13: Pressure of Elliptical nozzle

Elliptical Nozzle-Meshing: The figure 14 shows is a
meshing process, where seshing has done for elliptical

nozzle at a level of four to find the analysis accuracy of
result.

-

L.

Figure 14: Meshing of Elliptical nozzle

Analysis Of Elliptical Nozzle-Velocity: The figure 15
shows analysis result for velocity, the velocity has been
analyzed from 0 to 612.8m/s. The result has been

considered for comparison of circular nozzle and modified
design elliptical nozzle to know the improvement in design
modification

Velocity (m/s]

Min=0mfs Max=612.36 m/s
Iteration = 204

-

. 612,36 mfs

ll]mls

Figure 15: Velocity analysis of Elliptical nozzle
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Analysis of Elliptical Nozzle-Pressure: The figure 16
shows analysis result for pressure, The pressure has
been analyzed and values achieved from minimum value
6.9690e+010 pa to maximum value 2.83365e+013pa in
circular nozzle and also the pressure has been analyzed
and values achieved from minimum value 1.95593e+013
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pa to maximum value 1.39151e+011pa in elliptical nozzle
.The circular and elliptical nozzle result has been
considered for comparison to know the improvement in
design modification. The result revealed that the modified
design elliptical model has improvement in output nozzle
pressure.

Pressure [Pa)

Min=1.39151e+011 Pa Max=1_95593e+013 Pa
lteration = 204

.- 1.95593e+013 Pa

l 1.39151e+011 Pa

Figure 16: Pressure analysis of Elliptical nozzle

Specification: 1 Meshing size — 4 and Inlet velocity- 190
m/s Environment pressure — 2 bar.

Comparison of Nozzle -Surface Parameters: The table
4 shows the analysis result of elliptical nozzle surface
parameters, The local and integral parameters of surface

parameters has been analyzed using CFD to obtain the
activity of performance. The result has been considered
for comparison of modified elliptical nozzle to know the
improvement in design modification. The result revealed
improvement in mass flow rate, pressure and velocity in
elliptical nozzle.

Table 4: Surface Parameters of Elliptical Nozzle using CFD

Local paramelers

Parameaier Minimum Maximum Average Bulk Average |Surface Area [m* 2]

Pressure [Pa] 1.39151E+11] 1.68457E+11] 1.550593E+11 1.5569E+11 2 8824E-07
Density [kg/m"3] 2316868.16] 2128726.64| 2804354.34) 37218228 3.8824E-07
Velocity [mis] 452 582531 598.243804] S74.626536| SVV.768586 2.6824E-07
Velocity (X) [mis] 451.776283] S58.157836] S73.833821 S77.03568 3 8B24E-07
Velocty (Y') [mis] -43.8137871 19.1585013] -16.0572888| -15.750205 2.6824E-07
Velocity (Z) [mis] -21.3051564| 26.5309842| -1.129595858| -1.04857859 J.6824E-07
Mach Numier [ ] 1.57084857] 2.58173731| 238453212 2.40811126 3.6824E-07
Tempearature (Fluid} [K] 133.048423) 206.287301| 146245128] 144805885 J.5824E-07
Relative Pressure [Fa] | 1.29131E+11| 1.69457E+11] 1.55082E+11] 1.5569E-11 3.6824E-07
iaragral paramaracs

Parameter Wahss M_componeit |YW-componeant |Z-component |Surface Lrea [m"2]
lHass Fiow Rale [kpis] —T12.483232 "] [ [1] 24823107
VolumeFlw Bole jirond | 0000102154 L o L St o L
Surface Lrea [m"ZF] FEBZiE-0T7| -2 5BZ4E-17| ~1.63Z2189=-21| Z. MEI51E-21 2. EBZAE-D7
Tulal Enthalyy Rale W1 2o cH4GI3E | c 2 [} = GE24E-OF
Unitarmity inolas [ ] 0 572018509 [¥] a [1] 2 EE2LE-O7
CEA&E e &rea [ L e 1] n il 1] dHIAEEL -8

The table 4 shows the obtained velocity is 559.15m/s,
and the mass flow rate is -853.87 kg/s and also in case of
necessity the volume and temperature also can be
obtained. In elliptical nozzle (table 4) the velocity obtained
574.62 m/s and the mass flow rate is -721.62 kg/s, which
shows the 5% improvement of mass flow rate in elliptical
nozzle

Graph for Elliptical Nozzle-Velocity: The graph has
been plotted between velocity m/s and number of iteration
(figure 17). The graph shows that the velocity decrease
from 700 to 580 m/s with increase of number of iteration
from -100 to 210 in elliptical nozzle of AJM process.
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Figure 17: Elliptical nozzle the velocity was taken with iteration

Graph for Elliptical Nozzle-Volume Flow Rate: The the volume flow rate increases from -0.000315 to -
graph has been plotted between volume flow rate m%s  0.00019 m%s with increase of number of iteration from 0
and number of iteration (figure 18). The graph shows that  to 210 in elliptical nozzle of AJM process.

elliptical to elliptical .SLDPRT [Project [Default]]
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Figure 18: Elliptical nozzle the volume flow rate was taken with iteration

Graph for Elliptical Nozzle-Mass Flow Rate: The graph  velocity decrease from 0 to -710 kg/s with increase of
has been plotted between mass flow rate kg/s and number of iteration from125 to 210 in elliptical nozzle of
number of iteration (figure 19). The graph shows that the =~ AJM process.

elliptical to elliptical . SLDPRT [Project [Default]]
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Figure 19: Elliptical nozzle the mass flow rate was taken with iteration
178



Baranitharan and Zeelan Basha

Graph for Elliptical Nozzle-Static Pressure: The graph
has been plotted between static pressure pa and number
of iteration (figure 20). The graph shows that the static

Sci. Technol. Arts Res. J., Jan-March 2015, 4(1): 171-179

pressure from -1E+11 to -1.58E+11 pa with increase of
number of iteration from 130 to 210 in circular nozzle of
AJM process.

1.8E+11

elliptical to elliptical .SLDPRT [Project [Default]]

1.6E+11

|Z|c:t Area |

Static Pressure |Fa]

/ SG Av Static Pressurs 1

Figure 20: Elliptical nozzle the static pressure was taken with iteration
CONCLUSIONS Bhaskarchandra and Jagtar Singh (2011). A Study of effect of

Based on the design and analysis investigation,
application of computational fluid dynamics used to
analyze improvement of nozzle surface parameters in
circular and elliptical nozzle has been discussed. From
the result using elliptical nozzle in Abrasive jet Machining
following conclusion has been made
e Achieved Improvement upto 5% of mass flow rate

comparing the circular nozzle.

e Improved velocity without affecting any other surface
parameters comparing the circular nozzle.

e Material removal rate increases as mass flow
increased comparing circular nozzle

e The above advantages and improvement considerably
reduces the machining time and improve performance
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