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From the President's
Desk

Planning has begun for the Sixth
American Water Jet Conference to be
held in Awgust 1991 in Houston, Texas.
George Rankin, of Aguadyne, is the
chairman af the arganizing commitice

This meeting will break with
Lradition h_-..' starting on a En.r.urd.u_l,r and
concluding on the subsequent Tussday.
By stuying over o Baturday night, the
memhborship will be able io take
andvantage of discount airfares

The mueeting will begin on Saturday
with a shorl course on walerjetl
technology. The short course al the
Filth American Water Jet Conference
attrecied B0 students and should also
be very popular in Houston. This
course will hased on the Waler Jat
Technology Association’s new texiboak
on walerjet techno Tom Labus is
editing the textbook and will be in
a=urge of the short course.

Technical sessions and an equipment
exhibition will begin on Sunday,
receplion will be held on Sunday and a
banguet on Monday night The Pieneer
Award will be presented at the
bangquat

Pancl discussions by water-jet
cloaning contractors will held in an
attempl to disseminale practical water
Jetting knowledge to a wider audionce.
Andrew Conn 1% the chairman of a
subcommities which will organize
these panel discuasions

The following is a planning schedule
for the Sixth American Water Jet
Conflerence:

March 1, 154680
Seleciion of hotel
March 2, 1980
Announcement of conference
April 10, 1890
Call for papers
July 1, 1580
Call for exhibitors
Mowv. 1, 1560
Abgiracis due
May 1, 1881
Muanuscripts due

Houston iz a major cenier for
practical walerjetting in the US. We
are oplimistic that the Sixth American
Water Jet Conference will be successiul
and exciting

- George A Savanick, Ph.D

—

Fluid Jet Technology - A Historical Perspective
by Dr. David A. Summers, University of Missouri, Rolla, MO

Water Jellin is mok really new, and there is a considerable community of
knowledge which can be oblained from the area of waterjet cleaning, or
_hydroblasting.” which has been developed for over 80 years. The word
“hydroblasting” is used with caution because it creates the vision of cleaning at
higher pressures, while the majority of the market, to date, has used 1,000 to
2,000 psi. Because of the confusion which may exist, and perhaps to review Lhe
scope of Lhe different areas into which waterjetting has been used, this paper
begins with an outline of the various segments of the community (Fig. 1) In so
“::-Ei ::LM of the basic parameters controlling the use of walerjets can also be
inbrodu

Figure 1. High Pressure Water Jet Syatems Can Be Operated Al

npwnnrw od 0 pre—— ol Y pe—— e i Prwry o promssry ol Y & pressey of
1,000 gl 0 3300 Ex B0 000 e (R eia 301 D D0 il 1,000 00 pal
il e o ol e o w o gl o w Bl i Bl LT
5 gom 1,208 g T -85 gpre 2= e S-gEgpm i b v
For Use in

iwith poteniial improvement by
Polymene Addines  Comisarson Bubble Collspee A braaioe Ingechon Wydromechanical Caning

Low Pressure Usage

By this definition, the upr:r limit on pressure for this ﬁuur will be
considered to be 6,000 psi. ‘This 1s not a completaly arbitrary number. 1t is chosen
because, in cleaning applications, this is the pressure above which industrial
manufacturers usually feel that too much energy is required to improve jot
performance by heating the water. This is not always true, since there are
spocialized applications where heal is added to higher-pressure syvstems, but
stands as a general rule of thumb. In this segment, there are two main types of
application, divided by the quantity of water which they use,

Low-Volume Flow

AL B to 10 gpm, the major use is in industrial eleaning. Systems are availuble
from many sources (for a list of which, cantact the Cleaning Equipment
Manufacturer's Association [CEMA] in Chicago), AL its most Bimli%e' a unib will
consist of & prime mover, such as a motor, which drives a small pump either
directly or h a fan belt. Water from the pump is fed through a hose, W a
handle, from which protrudes a long |E:§;T-h of high-pressure tubing, known as a
lance, on the end of which a nozzle is fix

In erder to control the pressure at the end of Lhe lance, the handle is fitted with
n mnunlhn}g trigger. By pulling the trigger, the operator will defleet the Nuid
flow from a larger diameter dumping circuit, along the lance and out of the nuzzle.
The jet acquires its velocity as a result of having Lo pass through the very small
hale in the nozzle. The pressure from the pump is that which the pump puts out,
through the hole in the end of the nozzle. Thus, with a pump which puls out a
steady Mow of waler, the pressure of the jet which comes sut of the end of the lance
is controlled by the size of the arifice in the end of the nozzle.

icontinued on page 41
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Accident Case Study - Engineering Works
by Paddy Swan, 5.P.D). Swan Consultants, Derbyshire, UK.

A single operator was set 10 wash maching st about 1,500 psi (100 bar) and
approximately 2 gpm (9 'm). He was provided with an électrically-driven, hot-

e we operating at about up to 80" C which was of the dry shut-off Lype, /
L&, having an unloader and a dry shut-off gun. Thea pump had a chemical injector _
and & detergent specilied by the manulacturer was being used.

The operator had adupted the gun by shortening the barrel so that he could
hold small engine parts in one hand while jetting them with the gun held in his
other hand. jetting area was confined and signed and the operator with &
year's experience was jetting, sitting st a bench which had a sump and splash
ﬁm‘lrpmh:l: avoid spray back and to allow water to be drained away from the

The operater had, in addition, a foot pedel attached to a solencid valve which
almuduﬁm to switeh the pump on and ofT. He was provided with the following
protective elothing which he only wore as a rule when he was asked to jet outside
away from his normal working area: helmet, les, ear defenders, waterprool
clothing, steel toe-ca willington boots, gloves. The operator was paid on
& bonus ayatem b on productivity and hed received a large consignment of
hd parts L baut 30-

While jetilag off the engi using the jotting unit with water at about
40" Ca :h-rrFin..'l the nﬂﬁtﬂl‘ hit h.Lu'EEH' with the jot making a pinhole injury
on the thumb of his lofl hand, He reported Lo the work's sickbay, wha investigated
the injury, dressed it, and he returned Lo work, but carried out no further jetiing
during the rest of the day,

In the night after leaving wark, the operator felt sick and went Lo ses his doctor
in the morning. The doctor diuirmwd shock, and though the injury was now red
and angry did not preseribe antibiotics, but told the operator to take 2 or 3 days off
work and call back if there was any further discomfort, Twelve hours later he was
rushed to the hogpital with general blood poisoning and his life was st risk.

WHAT STEPS MIGHT THE OPERATOR HAVE TAKEN TO AVOID
THE ACCIDENT AND LESSEN HIS SUBSBEQUENT PROBLEMS?

(ses ansgwer on paga 1

The Cutiing Edge
by George A. Savanick, Ph.D.

The following ere some unresclved issues being debated currently among water
Jetters: .

® How long should hand-held lances be?

® How can you safely clean silicon carbide grinding wheels?

#® How many hydroblasting units are working?

# How can large items be cut?

# What is the thinnest cot that ean be made in thick metal tubes?

# Can storage tanks be cut safely with abrasive jels?

Short lances ean be dangerous (sec Paddy Swan's article) and hmﬁ lances can be
cumbersome. The debate continues on what minimum length should be specifled
for shabgunning.
inding wheels can be cloaned with waterjets, but the jeis can also de
the stre of the wheel. Does anyone know the maximum energy and the
optimum mode of placement of this energy for this application? .

A ecensus of waterblasting units working worldwide is needed. This
i tion is niot available now,

Cutting large ohjects or thick ilems can sirain the creativity of waler jelters. A
communication sompany wants to cut microwave antennas in peces ao thal they
can be tranaported and placed on tap of tall buildings,

Cutting thin kerfs in tubular metal pieces is difficult because the jel expunds in
the airspace in the tube bore. A bearing manufacturer is looking for 4 way Lo
make 0.010-inch cuts in 1-inch-thick tubular bronze. The state of the arl now
apponrs b limit these culs to about 0.040-inch.

Tank farm decomemissioning is alse of interest. An environmental wmmnE
needs to know if it is safe to use abrasive jets s dismantle chemical tanks whic
had been used to store explosive or reactive chemicals. The question revolves
arsund the ability of potential sparks to cuuse o chemizal resction or explosion. =

Jef News would welcoma any comments that readers would like to make o.
these issues. Write us a letter and join the debate,




When you need quality
High Pressure Valves,
Fittings and Tubing
delivered on time. ...
specify Autoclave Engineers

Im the water jet industry, It's mandatory you nave
rediable high pressure componants capable of
operating at pressures to 60,000 psi. Autociave
Engineers has more than 40 years expenence in
high pressure technology. We build our valves and
fitings by the book . . . our Quality Control Manual,
because we have high regard for high pressura ang
for our waler jet customers. This manual 18 your
assurance you are getting the highest quality product
avaslable , . . at amy ©o0s51

Autoclave has a wide range of high pressure
components for the water jat indusiry in addition to
gur valves, fittings and tubing. Autoclave also 15 a
source of supply for manifold blocks and vaives,
accumulators/atienuators and custom articulation
coils, Eleven coned and threaded tubing sizes ane
available as well as all types of specially and custom
designad high pressure products. Autoclave is your
one-stop source for quality high pressure
components. And we ship from stock 10 armve
just-in-time 10 meet your schedule.

Remember, the Autoclave difference s in the book

— and in the valve, For additional
information, contact

Autociave E




Fluid Jet Technology, from page 1

Pressure and Nozzle Diameter
Making sure that the nozles are in good condition is an important part of ing a waterjetting operation. It is
interesting to find, in casas, that people who willingly spend tens of thousands of dollars on a system will buy the
:hlnml nozzhe l.::illblc,zlpﬂﬂ the fact that it this component, as much or more than any other, which controls how well -
eir sysbom wor

Cleaning generally involves the need to remove relatively large volumes of material from considerable areas of surface
as fast El'ld.cﬂ:l]}lj' as possible. Until [airly recently, rotary swivels were not widely and reliably available to work at high
preasure. For this reason, fan jets have become widely used Lo give a wider dispersion of the water over the surface and give
& faster areal coverage of the target. Such fan jets are often found on the ends of the lances similar to those found in & ear
wash operation. The same principles apply for these nozzles, except that the opening in the end of the nozzle is more often
oval, lndr-unhuqﬁnlml diameter muat be caleulated for the nozzle, rather than the actual diameter which can be used with
i roiand o E.

The Use of Heat

Because of the need for a cheap, fast system, various solutions have been proposed to increase the performance of the
equipment, Cleaning systems h use burners to heat the water have become ular in certain applications. Some
competition exists between the ptmnnﬂlt&nf these systems and those who advocate the steam cleaning ap where the
water is hoated bevond huiiini ore being applied to the surface. It does appear that there is a significant advantage,
particularly in the removal of hydrocarbon and similar dirt if the water is heated to a high degree, alt ko be effective
this would appear to requira tamperatures in excess of 185° F. However, if heat is added to the water, it must be added after
the water has passed through the pump. The reason for this is that if the water enters the pump at more than 120° F, then
Heron has pointed out that the pump may well eavitate, eausing severe damage. Heating the water is usually accomplished
by wrapping the tube carrying the water around a heating coil or burner

The Use of Chemicals

In the car wash industry, a large user of jel systems, the addition of chemicals in the cleaning siream has been proposed
85 8 means of hmprmrin‘ productivity. The chemicals, which are advised as being able to help, are most commonly sold on
the basia that they help in redusing the surface tension which holds the dirt onto the surface,

If the jet is traveling at some 500 fU/sec and it impacts over a distance of 2 inches of the target, then the time the jet will be
on the surface is on the order of 0.0003 secs. Chemists will tell you that this is too short o time for the chemical to work. The
chemical should, therefore, be applied to the surface bafore the jet cleaner is used in order to give it time b work,

There are however chemicals, most particularly of the long-chain polymer variety, which aet instead by reducing the
friction in the waterjet delivery line and by seemingly “gluing” the water together u.'lt-u-wi.ug the jet to be cast a greater

More recently as the need for an efficient, large-seale system for cleaning structures such as the hulls of ships has bee,
defined, the use of cavitation bubbles, and on occasion, the induction of abrasive particles into the water, has been found to
help in increasing the areal cove of the cleaning unit without an increase in Muid horsepower, These two subsystems
can be used to clean materials wh milv]:i:. othervwise % higher jet pressures and thus more powerlul units. They can
also find ication in other v of the cutting and ¢ ing industry and will be discussed in much more detail later,
There is, of eourse, a price to pay for thiz benefit and it is most easily seen in the increased complexily which can develop in
the equipment required. If the jet containing these additives is directed at the same spot for any length of time, the surface
may also be damaged, but um:{er general conditions eleaning with & waterjet system imparts no surface damage to the
cleaned part.

To give an example of the benefits which can accrue with these additives, comparative cleaning rates are available for
cleaning surface areas found in such applications as removing the barnacles from ship hulls. (See Figure 2, page 5)

High-Volume Flows

At the other end of the low-pressure spectrum are the flow rates used in hydraulic mining. Depending on the mineral to
be mined, the pressure will range from 1,000 to 4,000 psi while Now rates will typically be in the hundreds of gallons per
minute.

The use of water monitora for mining is now some 136 years old. Within that time, pressures have gradually inereased
for the jets from the 40 ft of head that existed with the unit which mined soft, geld-bearing ore in California, to the
4,000 psi used by the Bureau of Mines in borehole mining,

Altha hydraulic mining is usually I:h.n-thl. of in connection with its use in the mining of gold, it has also been used
extenaively for the extraction of other minerals. For example, in Virginia alluvial iron are Llﬂ mined hydraulically,
and in Perak (now Malaysia), Australia, and New Zealand, tin has been mined ulically. The monitors used in this
program grew at times o be very large; and waterjet systems throwing 17 6-cm-diameter streams to a distance of 133 m
werg nok Lncommon.

While miﬁlllliy the pressure available for the h}:drqmnnit.nrﬂ was relatively !I:I!I.’B.“r by the turn of the century pumpd
squipment of suitable small size for transportation into the remote areas where the mines were located had been d&wluﬁ
In Burma, the ruby mines were using a pump capable of prudw_.'mf 200 L/min at 0.75 MPa and throwing the waterjets to a
distanee of over 187 m. Such systems of mining have been widely developed arcund the world, but in recent years have
fallen into disfavor. A major reason for this has been the stream pollution caused by detritus from the mining operation.
The Los Angeles Times reported that in 1974 only one hydraulic operation still existed in that state, and thoat was protecta~
by a ™ ther™ clause. However, hydraulic mining cun still be found in remote areas of the Yukon,

(continued on page 5

=




Fluid Jet Technology, from page 4
Figure 2. Effective Cleaning Rades for Ship Hulls

L Materiul Erocess Cleaning rate, fuline
Lightseale . .. . ... ._..... Cavitation i
Dry sand 141
High pressure samiliwaker 450 - 7256
Wat sand 192
Heavyseale ................. Drysand 135 - 140
High pressure samlfwatar 300 - 5E0
Wt sand 150
Heavyemerust ............. High pressure sand/water jets L

Figure X Minimum Cleaning Pressures Required | afier Swan 1986)

Pressure, psi Material removed

LB ..., .. Sl loose debris,

3000 ............ Light marine fouling, light scale, fuel o1l residue, aluminum cores and shells.

4500 ............ Weak sonerote, medium murine growth, sandstone and mudstone, light millscale, limited core
removal, loose paint and rust

6,000- 10,0608 ...,. Concrete ln plpes, severe marine fouling, ferrous casting moulds, runway rubber, soll
limestomne, lime scale, burnt oil deposits, medium millseale, petrochemicals.

10,000 - 16,000 .., . Conerete culling and removal, most paints, medium limestone, most millsenle, silicn cores,
burnt carbon deposits, heavy elinkers

15,000 - 30,000 ... . Granites, marble, limestone, marine epoxies, aluminum, lead, rubber, frozen food

b,

digh-Velume Flows (eontinued)

For the mining of alluvial clays and sand, the system still, however, has considernble benefit. Monitors for such
operations can throw a 15-co-diamaeter jet at 24 MPa and can be oblained fhr undar £10,000.

In the 1973 war botween E and larael, the Egyplinns very affectively used waterjets to breach the Bar. Lew Line. The
Egyptian Chief of 8taff described how the lsraeli defense was based on & 24-hour period being rn#:'nﬂ o establish bridges
aeross the canal, beyond which lerge sand barriers had boen creatod as of the Bar-Lew Line. combined ohstacle was
conaidered likely to delay the Egyplian tank foree by approximately 48 hours

Caleulations of the time needed to breach this barrier were based on the fact Lhat a hole 6.8 m wide, which is the size
needed Lo get a tank through, required the removal of approximately 55 cubic meters of sand. To move the tank force, there
would n to be approximately 60 such holes on the east bank mieke the holes alone using bulldozers or explosives
would, the lsraelis caleulated, have taken o period of between 10 to 12 hours. However, the Egyptians used high-pressure
waterjets to make the holes in 3 ta 5 hours, and gave a substantial ndvantage to their army, lying their early suceess
in this particular encounter,

The Soviet Union has large deposits of gold in and arcund the Lake Baykal area in Siberia. These daFm-iLB wore mined
hydraulically starting with a hydraulic device developad by A. P. Causov in 1867, However, the souree of the technolo =
perhaps revealed by reference Lo part of the equipment as "Amerikanal™ In the early 20h century, the ull:-l.ﬂ"wi}l -
pressure w jets was applied to the minamﬂ t its in central Prussia, and following the First World War similar
methods of application developed in the Saviet Union. By 1915, the method had been turned to an application in the mining
af enal.

Large volume earth moving by waterjet is practiced still in Russia where, for example, Yufin reported that the Moscow
cnnal was driven using waterjets for earth remaval. The rates which can be obtained with this system can be estimated
from uetion rates which were schisved in Alaska in the 1900's. Longridge cites a bank of gravel 300 m long by 8 m wide
by 1.8 m high which was removed in 3 weeks by a single monitor. The techno hes moved an from that time. One of the
nifmuigu. of the system is that the high volome of water used in the minin maeterial also Emﬂﬂﬂ & EAFFier Sysbem L
transport the extracted ore wway from mining operation, Consolidation Conl Co. has used hydraulie transport Lo pump
10 wad'min of coal from one of thelr mines ydroulic transportation, in general, has now a widespread range of
applications,

. Dredging Applications

One area of application that has not been given a great deal of attention lies in the underwater use of jets for material
removal and ehannel cutting, In many cases, low-pressure water is most useful. On a simple level, the average crab pot

icontinued on page &)




Fluid Jet Technology, from page 5

coat around $60.00 (1973}, but could quite easily become buried in sediment so that a fisherman may lose up Lo 1) pots o a
bad season. In order to find and free il::.dpdl‘.t, waterjet systems have been used ugeral.in[ at pressures around 1 000 psi
through four 0, B-inch-diameter nozzles, these can create a hole up to § ft deep in 3 minutes while casting the debris over
3 ft from the hole. Working on the same principle, pipe-laying equipment is in operation, wherein & pair of nozzles ride
forward on the pipe, cutting a trench underneath the pipe and casting the debris far h go that the debris settles back
into the cavity after the pipe has sunk into the trench. In soff material, it has proven passible to bury a pipe 3 0t in diameter
toadepth of 3.3 it at a rate of one-hall knot.

Al the first U.S. Waterjet Symposium, the U5, Navy reported that a 2-ft-deep slot could be cut in clay sail with a jet
prespure of 68 psi, providing that a Mow rate nfﬂ.EﬂEfgpm waE used, nquirin;f 150 hp., & cutting speed of 1 knot could be
developed with this system, the main disadvantage of which was that in the clay, the trench which was cut would not be a
clean one,

Low-pressure water can alao be used to cut frozen ground. The Bureau of Mines deseribed tests which they carried out in
the cutting of frozen gravel, a material closer in response Lo concrete than to ssil. Small holes for waterwell drilling and
posthole creation in permalfrost can be excavated with low-pressure water, Water al a pressure of 250 psi will cut through
parr?afmm at a rate of 18 fi'min in summer, but retes of only 1-lach/min will be reac where LUhe material is a frozen sand
in winter.

INTERMEDIATE PRESSURES

In general, intermediate pressure systems are considered to lie in the pressure range from 5,000 to 20,000 psi, This
covers the range from which commercially available, reliable pumps sre easily available at flow rates in order of 10 to 40
gpm, and where a :-ul'l'i:iln'llr reliable set of component parts exist. While the greateat part of the current use of equipment
in this pressure ra still tmlls within the category of cleaning, significant b in the use of these jets for cutting of
conerele and nical materials is now evidenl and with the addition of abragives Lo the water, Industrial cutting
applications are slarting Lo appear with greater regularity,

Many of the "improved” versions of jets which have been suggested for wse in the lewer-pressure "'"EEE' will alsp have
application in this pressure range though not always with the same level of suecess, for various reasons. For example, the
power requirements to heat Now rates & 10 gpm hecome teo expensive for the gain that can be achieved.

Many claims have been made for different conflipurailens of walerjel systems which operate in this pressure range.
However, ane of the more dramatie examplos that purchased lﬂ:lpml from one company dises not perform in Lthe same
way a3 Lhat from another was carried um}' the U5, Navy on the cleaning of heat exchanger tube bundles. The Navy set

m comparative Lest between five manufacturers of nominally the same performance eguipment. ‘The measured
gifoctiveness of the cleaning achieved by nominally eguivalent systems ranged from 38 to 92 pet, an almost threefold
variation. This points out risk in ventwring an opinicn on the ability of a system to perform without a more detailed
evaluation of the components of the system. It s wor mnﬂnnﬁiha’c the Mavy mow uses high-pressure waterjets to elear ™
ghip boilers and a job that used to take a week, using brushes, e5 lesa than 2 days wusing a 10,H0-pai jel Nowing at 2o
gpm, OF this time, only 8 hours is required for cleaning of each 450-psi boiber

The realiam of the Navy approsch is shown by the fact that it teck only 5 400 psl to efectively clean the lubes, measuring
the pressure at Lhe nozzla, :E].l speciflying the hiﬁk:r P pressure however, Lhe Mavy allowed (or pressure loases in the
line. This point iz often neglected in assessing the size of system to use The pressure messured al the gauge of a pump
reflects only the pressure measured at that point and not that at the peint of application, which may be some 2080 ft or more
BWRY,

The mosl common [aults which give rise to losses in the delivery line arise {rom passing the fuid through narrow
openings. These require that the jet be speeded up to pass through, This requires that pressure be expended at these areas,
which commonly oesur at fittings and eouplings. In pmﬂ&udqmgmd systoms however, large pressure losses can oocur in
hoses which may have too small a diameter for the application in which they are used. It is possible to incur pressure losass
of over 15,000 psi in 50 & of connection line between a pump and a delivery nozzle.

Tube Cleaning

Water has always been used as a cleaning medium, bul in large measure until recent Limes, the major reason for this has
been its properties as a solvent and lubricant. Within the past 20 years, the use of waler ol high pressure as a cleaning
agent has become extensive throughout the world. A major innovator in the use of high-pressure waterjots for cleaning has
been the chemical industry, Many large chemical plants use heat exchanger tubes to pass heat between different phases of
the various saes, The heatl exchanger [tsell congists of small-diameter tubes, frequently in the order of perhaps TOO -
800 in number, jacketed together in a container through which the secand fluid will pass. As the exchanger works, the
tubes over a period of time will experience o hﬁldu;;:ipmipaute from the material Mowing through them. tubes are
initially in the erder of 19 mm diameter, and as the becomes amaller, 3o the elfectiveness of the heat exchange procesa
becomes reduced, requiring that the tubes be cleaned,

Historically, several methods have been used to clean the tube, including Eh'l'r'mﬁ rods down through the tubes, Mame
torches to burn out the deposits, & sand or grit blasting operation, and mechanical drilling. OFf these, the first three can only
be used in very particular types of materials and drilling has been by far the most common method used, Drilling, however,
requires that considerable care be taken by the operator Lo insure that the tube bundles themselves are not damaged and it
also consumes a large labor force and time. Ward hes given one example of a 390-lube bundle, some 3.6 mm long, which
took 450 manhours to elean. At a pressure of 70 MPa and o flow rate of 5.5 m3thr, it now takes less than 24 manhours Lo
clean the same bundle using waterjets. T

The resulting surface obtained from the use of the high-pressure jel cleaning is much smoother than that found with the
historical drilling or grit blasting technigues. Asa result of this, the build-up of material when the bundle is reintroduced

oy

leontinued on page T




Fluid Jet Technology, from page 8

into sorvics is much slower, increasing the service life of the heat exchanger before cleaning becomes necessary again by
some 50 pet or more, This advantege 15 not restricted o heat exchanger tubes, For :u:ﬂ;ll.lhlp hulls must bo cleaned of
animal and vegetable life, old paint and rust must be removed, and in coke ovens the bui ufn:l.'l.nr and other deposits from
Ldoors and vents must be r:l!m;ll'r-:d. Waterjet sysiems have besn developed both on 8 hand-operated basis and as a
wmiautomatic system for clenning these surfaces,

Reactive Force

The change [rom mechanical drilling and the use of the jackhammar to waterjet brings with it an additional benelit. It
also requires that an additional a L of waterjet nEﬂimtiunn be introduced. This is the concept of backithrust, or the force
required to hold & water-jet nozzle in posltion. The backthrust from a linearly directed jei can be caleulaled from the

aquation;
Baskthrust (1b) = (LOG2 QPRS
where:

6} is the Mow rate in U5, gallonamin
P is the jot pressure measured in psi

This reactive force value must be considersd in the design of any holding fixture which will retain the piece bei
washed, or which is used Lo retain the nozele during a washout. This foree is, ever, conabderably less than thet whi
would be required with a mechanical method of cleaning, particularly thase which use mmprm.ei wir at the method of
providing power to the kool

In many cases, the waterjet is directed through a hand-held lance. This limits the maximum pressures and nozele
diameters which can be used, since the average operator is only capable of holding about one-third of their body weight. As
T. 1!-:5 has polnted out, this means that the maximum horsepower whizh the operator can handle runs in the region of 15 -
Eﬂni , with the maximum level probably being at the order of 30 kW, Such a system, however, provided that the driving
preagsure of the jet is between 50 and T0 MPa, is sufficient Lo clean most industrial surfaces. Where this is not in itself tha
case, certaln varying parameters can be applied to the nozzle such that the system does cut the material.

I 1973, David Odds described ane of the mare graphic illustrations of the benefits of jet cleaning which arise from
sultable design of waterjet systems. By balancing the reactive foree from the cleaning jet with a second jet of large diameter
and the lewer pressure, a ol eould be built for use by divers in cleaning the logs of the oil rigs in the North Sea. Odds cited
Lhe case of the diver who first used a jot cleaning unit underwater an o rig, A few minutes after the trial . tha diver
halted the test, came to the surface, and without a word walked over to the jeckhammer unit previously and with an
insulting larewell, threw it over the side.

In eleaning ship structures, waterjots are usually fanned rather than circular to cover a larger surface. Such fan jets
Jperating at pressures of approximately 20-35 MPa are also used for cleaning ship's holds, particularly of the crude oil
egidue between the different loads which oil tankers must carry. It must be pointed out, however, that tho use of such a
u-dmﬂue is ome which requires considerable care, Explosions have cccurred wherg petroleum vapor buildup has been
allowed inside the tnnk before l:l:-.ninilhq.l.n. In such Id.nlzumﬂ.u.nr:u, the mist around the waterjel ean nequire an
electrical potentinl sufficient that sparks are generated, igniting the surrcunding petroleum gas and blowing the ship
apart.

Omne way in which more power can be transmitted to the face is to redesign the nozzle system so that not only are jeis
directed forward to do the cutting, but backward pointing nozzles are incorporated into the noszle assembly itself, In this
maRner, &N operator can handle an input power of up Lo 50 hp, increasing productivity. Torpey pointed out, a 6-m-tube
bundle containing some 200 tubes can, and his been, cleaned in under 18 minutes. In ancther example, the Partock Corp
found that g tube :ndl: which took 300 manhours to clean using hand Losls and chemicals could be completely cleaned by
two men within an hoar

Industrial Applications

Many a iir.l.tin'ul.-nfwnt.r.l.j-:l.'l for dmni:? in industrial structures can be cited. Waterjels are used to clean structural

surfaces deposits in chemical plants, refineries, and petrochemical processes, and in the building and construction

industry, to remove concrete, and clean nﬂ';m-,-pl.e and other material prior o reworking the surface. The Nexibility of

the watariet system and its ;Lililar ta clean materials from areas diMeult Wb aceezs for o number of ressons have meant 'Ii.u.l'.

ﬂ! wakerjet cleaning industry has grown considerably in the 30 years or more since high-pressure waterjet cleaning was
gur.

Waterjets have applicatians in areas normally Inaceessible, mot only by reason nf%momeu but by reason of environmenl
For example, in the steel industry, steel billets tnitially start out with a thick depos l-uf.lr.lju around them ‘While much of
this is removed by movement of the billet itself, some will adhere Lo Lhe steel, rﬂ-'i-l'i-ﬂﬁ the potential for damage in equipment
downstream. In order to remove this matorial, waterjets al pressures of 10 - 20 MPa are directed onto the billet removin
the seale by & eombination of thermal and mechanical actions. In o similar operation, the National Research Couneil
Cansda has developed a system for cleaning out the gas collector pipe which leads from large coke ovens. This pipe rapidly
ecnmes & with materials from the coking process mnd must f ulntii'“be cleaned. Mormally this is dona by a
hydraulically-driven mechanical device, but this dees not completely clean surface and buildup of material oceurs
relutively quickly onee Lthe process i restarted. Working ata ure of 70 MPa and Mlow rate of B1.4 m'min, two nozzles of
18 mm diametier were rotabed at a speed of 300 rpm and comp ulﬁ);f:unld the pipe in a pericd of some 30 sec at a feed rate
’..pfﬂ..ﬁ mm/revelution. As a subsidiary advantage to the system, rley points out that mot only was the service period of

he coking aven extended, but the eleaner pipe surface reduced the operating pressures within the coke oven.

(continued on page 8)
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Mining Applications

Piggybacking on the development of equipment for the high-pressure cleaning industry has beon the growth of waterjels
Y :uﬁing ool in rock and l::l:nerl! prﬁu:tm Many m\:kg url:-m"ul be cut al the lower p,ll'a‘auum which were available far
conwentional mining, At the same time, only a few coal seams around the world have the necessary conditions for hydraulic
mninﬂ be curried to & suceesaful conelugion. The recent closing of the Hansa Mine in Germany bears testimany to this,
as do the earlier fuilures of the British experiments at Trelewis Drift and the American trials in Washington State.

I3 --ktu were Lo have a success in the more commanly prevailing eonditions of most coal mines where the seams lie
relativel t and the floor will soften to an unaccoptable degree if too much water is applied, then a better method of using
water will be required. An increase in pressure will allow some reduction in Mow volume and if this is tuken with a
maodification of the design of the machine so that the waterjet does not do all the eutting of the material, then an effective
muchine can be developed. This requirement has been part of the reason for the recent success of the walerjel-assisied
cutting h':thnb% s Beginning with work carried out by Dr. Hood in Bouth Alrica in the mid-T0's, a new system has been
developed in which high-pressure waterjots are placed at the leading of eutting tools. The success Lhal this allows can
simplistically be illustrated by comparison. As a general rule, 8 mechanical cutting machine of the type used in many
mines requires greater welght to cut stronger rock. To cut an 18,000-psi rock, the machine must no Iy weigh arcund
100 tons. Where & waterjet assistance was ndded to the cutting tools however, a 25-ton machine was able Lo cut rock of over
18,000-psi strength. The difference in the cost of the machines approaches $500,004

Waterjet systems have been developed which cut into material with relatively high eliclency, but produce material of
relatively small size. Such a process is of advantage in the crushing of coal, or the pulverizing of ore to extract the valuable
material. It is not the best way of removing large volumes of material. The concepl of using & higher-pressure waterjet
system Lo cut slots into the matarial, and then to develop some form of mechanical assistance Lo remove Lhe large volume of
material between the cuts has been developed in the lnst 10 years. In almost all cases, however, the development of the

uipment has been dependent on the creation of good noezle designs and of a relisble rotary swivel, or union, which will
allow Lhe waterjet streams to move very quick |y over a surface. Bueh equipment development has only oceurred this decade
and the penetration of the technology into the mining and eivil construction arena is still a relatively young one.

VERY HIGH-PRESSURE SYSTEMS

There are twe major ways in which very high-pressure watarjets can be created  [In the pressure range from 240 to 80,000
gm, it is possible to purchase continuous duty pumps which will, in most applications, produce Mow rates on the order of 1 or

gallons/min, The alternative, and the system which is most likely to be used at pressures of 100,000 psi and above, is Lhe
single-shot, waler-cannon,

The enrliest work was probably at the higher pressure, since the system complexity is somewhat higher in developing
continuously operating high-pressure systems than is the single-shot devices. Water cannon development began in Russia.
Nozzle designs were developed there which would accumulate the velocity of the leading of the water slug as it war”
driven down through the barrel. The driving pressure for such a deviee has been provided historically either by the
collection of a large volume of highly compressed s, either nitrogen or air, which is then suddenly released behind “‘l"l
waler, or by igniting a small explosive or propelinnt charge in the barrel of the gun behind the water.

The reason for this development, and its popularity through the 1870, ]-{ in o miseonception of walerjet penetration
mechanics. Early H:Flim!ntl in rock cutting had led to the erronsous conclusion that it was necessary to use waterjel
pressures at a level of roughly 15 times the rock compressive strength in order to moat efliciently cut material, A granite,
which has a compressive !.t.r:ui'l.h of 200 MPa would require a jet pressure of 3,000 MPa. On this basis, it was necessary to
develop very powerful delivery systems,

Two efforts in the U 8. predominated in this effort. Dr, Cooley, of Terra Space, developed a gun based upon Uhe Russian
design which generated a pressure on the leading edge of the jet of 4,000 MPa__The research group at [IT Research [nstitute
in Chiengo built a smaller device which would reach pressures of 1 000 MPa. The rapid decay, with time, of the jet pressure
and the rapid weur of the cannon barrels has, however, reduced their pﬁpul-ﬂrht; and in recent years there has been a
return to moro conventional means of generaling waterjets, Coneurrently, continued research has shown Lhat il is not
necessary Lo go to the high pressures which formed the basis of the original effort. The UMR Stonehengs, for example, was
cut at jot pressures which were leas than half the value of the compreasive strength of the rock.

Two machines remain in operation at this pressure range. The Russian investigators have lowered the operating
pressure of this machine to 125 000 pai and have successfully used it Lo drive a tunnel. Atlas has modified a watarjet

n Lo drive a slug of water at high speed into s proviously drilled hole in the rock. Whare the hole is in a boulder, the result
i5 0 rl:lll.i.'mlir quiet way of breaking rock. Although this machine has had some success in Europe, it has not been fpund to
be successful in the U.S. at this time. A pulsating high-pressure system has been under duvulnglman by Briggs
Engineering for several {eﬂﬂ now A3 4 means of bresking up conerets pavement. Although capable of generating
successive pulses at a high rate, it has yet w become a commercial reality.

Industrial Machining

The most successful innovation in waterjet applications has been the use of jels at pressures of between 200 and 300 MPa
in continuously operated jet cutting systems. Al these pressures, water is capable of cutting through materials with & much
more satisfactory performance than conventional tools, in many situations. The limitation of these systems to cut through
harder materials has beon overcome in Lhe last 8 years through the addition af abrasives to the cutting water,

In many industrinl processes, the product must be cut to shape. This invelves removing materinl from a parent block <
and duri :ul.tinﬁ some of Lhe material is lost. The speed and maneuverability of the operation is, o extant
mnl:rl:“ﬁriﬁ:lj' the flexibility of the cutting toal. At the present time, most cutting processes use mechanical tools. While

(continued on page B)
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thesa have many ndvnnhﬁi, they are speed limited, become blunt, and generate dust, which may for certain materials
such as asbestos, be health ;

Waterjets have been one of several novel candidate methods considered as a solution to these problems, in the company af
Mch novel tools os lasers and electron beams. A particular example of the benefits which walerjets bring to cutting, in

ntrast to other methods, is illustrated by tests carried out by the National Research Couneil of Canada. The NRC had
been asked to find w way of cutting Freestone peaches in hall. Comparative Lests were carried out using waterjets at a
pressure of 55 MPa and diameters of 0.076 and 0.20 mm, and a COy laser of equivalent power. The peaches were
satisfactorily sliced by the waterjet within 0.25 sec, the cut going transversely around the peach through approximately 1
em of Mesh to the pit. On the other hand, in & sec the laser cut a wida slot only n&!'l-lﬂli{l h the peach and over only a
section of the circumference, The power level required per peach was in the order of 0.1 kW for the waterjed.

Thae hiEI:. Muid velocity of the jet, from 300 m/sec at T0 MPa to over 1,000 m/sec at higher pressures, will allow a very
rapid cutting speed to be achieved while the very narrow width of jet (0.3 mm) means that less product will be lost durin
the r:utllns application. An example of the speeds atiained is given by sther tests carried out by the Canadian Nationa
Research Council, where cutting rates of over 600 m/min were achieved in cutting newsprint.

The firsl mufmy to foreses and commercially develop this concept was the McCartney Manufacturing Co., of Baxter
Springs, KS, an Ingersoll-Rand subsidiary. Their involvement rose from research earried out by Dir, Franz in 1 on the
eutting of wood products and led initially to u modification of an existing pump system to produce 100 MPa at 95 liter/hr.
The very narrow jets which are produced by such a pump, typheally of the order of 0.2 mm diameter, and the high {uid
velocity made them ideal for this cutting application. The pump was initially usod in 1968 as a ressarch tool, but in 1871,
the first eommercial unit was installed in the Papertube Div, of Altan Box Board Company.

Although the ariginal equipment is na longer performing the same task as it was installed Lo do, it is still in operation in
the factory some 17 years later. The original use was In cutting cardboard tubes 1.25 mm thick for the furniture
manufacturing industry. The advantage developed by the waterjets included being able to penelrate a hole and follow an
intricate contour. Two pumps wera used in this :{il.tm at speeds of up to 5 m/min to provide 378 liter/hr flow at 275 MPa

ressure, At these pressures, sonventional nozzie materials do not have the ability to withstand prolonged aperation.
iozzles are, therefore, now made from an artificial crystal, most typheally sapphire or ruby. By use of these matarials,
moezle life in exeess of 3 monihs has been attained,

The commereial sueeess of the first system and its ability to cope with three-dimensional eontour cutting and the high
degree of precision in its application initially led to its incorporation in a tape-controlled mode, where the cutting eycle and
the teol guidance operated completely under computer control. From that initial installation, and the demonstrated
technology it pioneered, & major :hnn&n in indusiriel prociice lhas wn. Tha very low levels of water flow, ot even the
higher pressures, means that the reaction force ex on the manipulator is very small. This makes it relatively easy to
fit the noxzle system on the end of & robot arm, and to use this for manipulation in l:*I.IL‘I:iIHE.Ek When this ts combined with the
bility of the jet to cut its own access hole for internal contour cutting of parts, it can be seen that & major revolution in

achining has been foretold,

Recent reports at the 1988 clinie on automated waterjet cutting illustrate how far the technology has moved since that
time. Omne of the first applications was the cutting nfjiEl-.w puzzles, cut under computer control, Len at a tims on & 24-hr
production basis. The precision of the eut achieved with the jets was such that in the initial triafs of the systam, the slots
were too narrow for the easy remaval of pieces and this normal advamage of minimizing uct logs was, in this case, o
disadvantage in that the jets were made to cut less efficiently in order that the slot be cut wider and fecilitate piece removal,

Other examples include the cutting of the struts on aircraft wings and the preparation of turbine blades for aircrafl
engines. The savings which have arisen in these applications come from several sources. For example, a new product will
conventionally require that a set of machine tools be specially fabricated for the different machings involved in the shaping
of the part. For a complicated piece of equi&mnr.. this might cost as much as $3.6 million, In contrast with & waberjet
robotic installation, ones the original installation is in place (perhaps at a cost of $1.6 million for an equivalent setup to
perform the same machiningl, then il is only necessary o write the progrums far the controlling computer to get the jeis o
carve the shapes required in the target material. This is not totally cost free, but once done can be held restdent on disks so
that st any future time required, those parts can again be prepared with a minimum of new set-up time, This is of
significant advantage as we move further inta the generation of “Just in Time"” manufacturing.

Man uets eut by waterjet action are made of organic materials capable of taking up moisture; for example, all the
dipluu]; @ diapers in the U_S. are cut to shape with waterjets. Further, the requirements of many manufacturers include
rigid specifications on edge quality control. As the waterjet Lends L disperse with distance, this has meant that high jet
gquality eontrol must be observed. In the DIIE!I'I-EI McCartney development, use was made of the leng-chain molecu
polymars such as polymerized ethylene oxide dissolved in the water to keep the jet together over long distances rom the
nozzle and to reduce surface wetting.

Other equipment manafacturers, most particularly Flow Industries, who began marketing competing equipment in the
early 19 sought & different solution using & proprietary nozzle design which has better parformance charneieristics.
Both systems now are in widespresd commercial and have been shown to create nun‘z;d'm.n & over pre-existing
equipment. These advantages developed have included the elimination of dust hazards in tions wiere this previously
has a problem and because of the very localized cutting action, an improvement in the number of pieces which can be
obtained from a particular volume of material.

An example of this comes from the shoe ind Thie size of the hides from which shoe components are eut is 8 function
of the size of the originating cow. Historically, the patterns which have been stamped or cut out of material have been
P=antrolled by skilled eraftsman, and bassd on their skill, the numbor of parts which can be cut from a particular piece of
_mtertal has been controlled. In order to improve on this productivity, research programs in the 1970's combined eomputer

(eontinued on page 10}
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control and waterjet cutting. The result has been the installation of such systams
in factories with significant economic benefit Lo the manufscturers. Une of the
studies in the U K. showed that using typical materials required for ladies shoes,
matarial gavings of between 5 and 15 pel were possible, leading to an immediate |
benefit of :sz: in material, The single shoe pieces were cul at o velocily ef
approximately 40 cmises, giqﬂ_g a cutoul time of approximately 3 sec/plece,
depending upon the intricacy of the part. Support of the workpiece has been a
cununui.nE problem for these upFIi:alirnnE This is because Lhe jet will either eutl
through the supporting material or bounee back from it, wetting the edges of the
piece cul, an unacceptable result

Muny companies in the food indusiry have expressed an interest in jel culling
gince the high-pressure waterieis minimize Lthe smount of feod loss beeause of the
narrowness of the kerl which they cut, As a resull of triaks, several companies
now use the system Lo cut food products, although in many eases, for_health
reasons, they do not use water, but rather oil as the cutting Ouid. MeCartnay
Manufactiuring Co. has an intriguing film which shows some of these applications
under tesi. {Ennc particular example which springs o mind and indicates the
versalility of the svstem is that the operalor pushes a bag of marshmallows
through the waterjet and the bag emerges from the far end with no evidense of
having been under the jet. The plastic container has retained its shape and the
marshmisllows remain intaci. The bag is than parted and it is shown Lhat all the
This demonsiration shows very
dramatically the precision nature of the waterjet cutting system and the high

of whieh il is eapable

The restriction which the use of water alone placed upon the applhications, since
waterjets alone cannot effectively cut all materials, was overeome in the
beginning al thiz decade with the addition of abrasive to the waterjeis. In tho
original concept, this w oul of the prectice of the lower-pressure walorjel
cleaning industry, inw ich abrasive was aspirated into the jet aflter it had loft the
accelerating nozzle at the end of the delivery line While this worked well, the
shorl distanes over which the abrasive ean be aceelersied has meant that
operating jet pressures must run arcund 200 MPa, However, the sysiem which
resulls has been abla to cut through metals and advanced coramic materials at
peonomic rates. When this benelil i3 combined with the continued use of the
computer cutting control, then it can be apprecialed that the applications of this
new toal are only just unfolding. 1M one adds 1o this the recenl commercin'=
development in which abrasive 15 added to the waterjet system earlier than th,
final nozzle so that the jet pressure can be significantly lowered, then the dawning
af a new day in manufacturing and geolechnical excavation can be foretold

International Journal Of Water Jet Technology

The following are Donors and Patrons of the International Journal of Water Jet
Technology which will begin publishing in 1990: National Research Council af
Canada, Conada; Water Jot Technology Association, U S5.A.; Aulocluve
Engineers, U.5.A ; Ceda Reactor lid , Canada; The Flow Industries. U.5.A.,
MNoranda Minerals [ne., Canada; and Schosller-Blechmann Geselischaft M B H.,
Ausiria,

Accident Case Study - Engineering Works, from page 2

Answer: The operator should not havo held costings in hand even at low
pressure. Subsequent problems were caused by an injection caused by microbes in
the water,

Moral: Even minor '-I-'u.r.cr_qzir.ng
nre li.h.:i:l.' i be injected into Lhe

'L!qfurinﬁ neod medical Lreatment i “microbes”
ES.

CORRECTION

The editor regrots that Jet Edﬁr.-
Corp. was not given credit in the
December 1989 issue for supplying
the photograph shown at right
Credit incorrectly assigned Lo
Ingersoll-Rand,

Waterprl slitiing of corrugaled Boaboeard

ipholograph courtasy of Jet Edge, Ine.




