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ULTRA-HIGH PRESSURE SOLID-LIQUID JET
may function with various liquids & solids,
but typically in the current industry it is

ABRASIVE-WATER JET
or AWJ

AWJ is a MECHANICAL TOOL operating in the range
of water pressure of

~ 30,000 PSI to 60,000 PSI
or ~ 2150 to ~ 4300 atmospheres

The water flow speed up to and above of

1000 meter per seconds

(up to or above 3 Mach'’s)

entraining hard solid particles accelerated up to average
speed about ~1 Mach or slightly above




HISTORICAL BACKGROUND

Today Abrasive-Water jet (AWJ) —
The fastest growing mechanical tool worldwide
1983 First industrial application of AWJ

1970s-1980s

Extensive research in WJ and AWJ with various liquids &
various solids, predominantly ‘water-garnet’

1980 Invention of AWJ

1972 First industrial application of Water Jet (WJ)

1950s- Invention of ultra-high pressure WJ, R. Frank, University of Michigan.

late 1960s First application - for wood. The original idea - fro m spots of steam leaks impact

Early 1960s Application of High-Pressure (HP) WJ for industrial
machining. O. Imanaka. University of Tokyo. The original
idea - from destruction of shell structure of airpla nes by the rain particles

XIXc.-1900s Application of HP Jet in mining, especially gold




The earliest WATER JET

1959. Siberia.

Gold mining withWater jet (~30m/s)
Water supplied from mountains
This jet combined with explosions
used over half a century prior to

this moment produced an artifical
lake (picture below)

Pictures were taken by one of the authors while lonely
traveling through Siberia in his student times



Siberia / Khakasiyas

Gold Mining -
e

Water supplied from the
mountains through long wood
tunnels and pipes.

NO pumps
used




What will be at higher flow speed?

Even air would have extraordinary W I N D

destructive power

Fujita Tornado Intensity Scale
Scale Wind Speed Damage
(m/s)

F-0 18-32 Light: tree branches, chimneys.

F-1 33-50 Moderate: trees, surface of roofs, windows

Fo 51-70 Considerable: large trees uprooted, roofs torn off frame houses, mobile homes
demolished.

F-3 71-92 Severe: roof and some walls torn off well-constructed houses, cars overturned.

F-4 93-116 Devastating: well-constructed houses leveled, cars and large objects.throw

.5 117-142 Incredible: strong frame houses lifted off foundation and destroyedsieais objects
thrown more than 90 meters.




ULTRAHIGH-PRESSUREUHP) EEZE
WATER as a CUTTING TOO SIS

Wind (swirling) Water (~laminar)
Takes structures to pieces Cuts materials to parts
At ~100 m/s At ~ 1000 m/s (~4000 ATM/55,000 PSI):

Wood, corrugated cardboard, most plastics, etc

(experiments 1950s-1960s; industrial from 1970s)

At 6300 ATM/87,000 PSI — sheets of metals
(experiments; 2003)



WIND carrying SOLID OBJECTS

The strongest impact produced
not by wind

but by the solid
objects, carried and

accelerated by
the wind




At 8000 PSI
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“l/ -scientific scenarios”:
1. If water was incompressible, the ocean level would rise on ~22m

2. Under pressure of standard AWJ, ocean level would drop on ~410 m
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Replacement GARNET STEEL
IS a TRANSITION like
“STONE AGE IRON AGE” in AWJ

Stainless Steel grit: Before and after collision
with SS subject plate. Velocity of cutting head vs.
subject exceeded the maximum cutting rate
(threshold); particles had been repulsed by the
subject plate. This corresponds to the most
severe mechanical condition of the impact. No
noticeable change of particles may be seen.

It was additionally proved by checking the
average weight of particles before and after
collision

Tracking the fate of individual particles shown on
the next slide

Garnet particles in their initial state (left) and
after one pass through jet and collision with
steel target. The scale of both pictures is
identical. Typically in such conditions, each
garnet particle experiences the only one
collision with target. No one particle had

10.000.000 to 20.000.000 Over 100.000 000 preserved its original size after one cutting
Particles per minute Particles ;)er r’ninute pass, and only small portion of garnet may be

through 1-mm nozzle after collision recycled and used for second cutting cycle.



Tracking the fate of individual particles In

supersonic jet

Abrasive flow rate in jet ~ 10,000,000 particles pe r minute.
Collision of supersonic jet with target may remind explosion,
and the trajectories of particles after collision a re chaotic. Still,

it is possible to “hunt down” individual particles a nd define
their fate in supersonic collisions with steel targ et.

This stainless steel (SS) grit contains SS balls in proportion of
about 1:10,000 with respect to conventional ‘shapel  ess’ grit.
This grit shown on left photograph in its original state.

All four balls shown on these photographs has diameter in the range of about 180 to 195 mm

The balls on the bottom shown
after supersonic collision with
steel target in the most severe
condition of reflecting mode.

Not only has the spherical shape
allowed finding these particles. It
also makes easy detectable any
fractural damage that they may
experienced. Results of such
tests depend on quality of steel.
This steel shot did not show any
damage in any single ball of
about 100 investigated



THE ENERGY C'OST by various technologies:
CUTTING vs. POWDER FORMATION
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Micromachining of NATURAL DIAMOND

This revealed important and unexpected results: 1. Relatively fast erosion of natural
crystalline diamond by the fluid-abrasive (alumina) jet [in spite the hardness of
this abrasive is drastically inferior to diamond. Furthermore, the etching speed
of crystalline diamond (111) is approximately equal to the etching speed of low-
cobalt cast WC, in spite the ratio of respective hardness diamond and WC is
(105+5%, GPa) : (20+10%, GPa). This is due to the fact that the absolutely
dominant cutting mechanism of crystalline diamond is not of abrasive nature but
shock-cracking one.]

2. Crystallographic anisotropy of interaction diamond vs. AWJ. The diamond
reaction to alumina-water jet is effectively similar to typical etching of single
crystals by anisotropic chemical etching.

3. The most important result: micromachining allows precise treatment of
brittle materials by mechanical shocks

Electron Microscopy
photographs shown on
this and next slide
made by

Ted Champaign,
CAMP




Micromachining of natural  diamond:

Nearly all possible
morphology of
material removing
realized at specific
condition of AWJ
Impact:

from strongly
anisotropic to
glass-like



of JET CUTTING (ductile materials only!)

Preliminary Analytical Plot
“Critical Cutting Speed Vs. Relative
Hardness” Revealed Super-critical
Threshold value of Relative Hardness for Each dot on these experimental plots is the result of a

Ductile Materials systematic set of experiments defining critical cutting speed
for specific combination of subject material and abrasive
material at the given conditions of the abrasive-water jet
formation. Plot built on so defined series of critical values of
cutting speed, in turn, defines the critical values (threshold) of
relative hardness. Consequently, this threshold allows
transforming routine cutting machinery into multifunctional
waste-free technology.
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Cutting speed
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Through
mass/energy-
flow

HYDRODYNAMIC TOOL

80% of mass and

> 95% of energy carried with
liquid flow

Through
the major

functioning
body

MICRO-MACHINING

Through
the major new
product

MICRO- AND NANO- POWDER
PRODUCTION




MICROMACHINING vs. CONVENTIONAL

MACHINING
The hardest The softest
) - —

4 component of component of
subject subject
defines defines

) the speed of the speed of
material material

) removal removal

Conventional machining Micromachining



Effect of the ‘work hardening’ of
steel is known over millenniums.
Usually, it requires multiples, up to
hundreds or even thousands
shocks to produce the desired
result with bulk steel.

However, when the size of steel
subject decreases to a micrometer
range and its velocity at the
collision increases above speed of
sound in air, this structural-
mechanical phenomena  works
faster.

This plot shows essential
hardening effect after one-collision
interaction of steel particles with
steel target.

The hardness
distribution of 4 kinds
of tested steel grit prior

to

Abrasive-water jet tests
and after one pass by
abrasive-water jet




Simplicity

Utmost
simplicity of
general
principle

Simple
apparatus
scheme

The simplest
approach to
the active
(abrasive)
material

Complexity

Extremely complex
three-phase (liquid-gas-
sold) multi-body fluid
dynamics.

No adequate model
exists. More complex
models produce more
contradictory results

Key apparatus (UHP
pump) & components
(nozzle, orifice) edge the
limits of state-of-art
technology

The utmost difficult
physical requirements to
passive (structural)
materials

Advantages

Most universal cutting
tool applicable to
virtually any materials
and sandwich
structures

Most environmentally
friendly cutting
technique, free from
dust or emissions

A unique cold
mechanical tool
producing no impact
on treated material

Applicable deep under
water

Continuous,
economically sound,

Highly reliable

Disadvantages

Very low energy
efficiency

Precision is inferior
to laser and
electrochemical
tools

Exceedingly high
waste, although
harmless




Approach to the problems’
solutions

To increase energy efficiency of
AWJ, the University’
researcher (first author)
theoretically developed a
novel, multi-stage nozzle.

The business partner (second author
of this report) was invited to
patent it jointly - with hope for
effective realization. All 17 claims
of the patent application had
been granted in about a month
(possibly record; previous record
— two months — carried by Dennis
Gabor for holography). A hope
for realization still exists.

The problem of abundant waste of
AWJ is in course of solution by
business partners. The approach
shown on the next slide.




At present, AWJ technology is a tool
transforming natural mountains into
artificial mountains of waste.

But AWJ definitely carries strong and
multiple potentials

New “blue and green”
technology should produce
variety of valuable products
being virtually

free from waste

Nano-engineered surface



