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The Membership
Water Jet Technology Association

Dear Member,

Many of you have recently received a copy of a letter
sent to me by Mr Mondy of Job Master. Because of the statements in
that letter, I believe it important that you be aware of certain facts,

The Water Jet Technology Association was formed in May of 1983,
during the course of a waterjet meeting at the University of
Missouri-Rolla. Following that initial meeting, a Standards Committee
was designated at the Board of Directors meeting held in Golden, CO
on August 5, 1983,

The first meeting of the Standards Committee was held at the Henry
VIII motel in St. Louis on March 9th 1984. At that meeting it was
unanimously voted that "The Committee act, as a whole, in
developing the standards for nomenclature and operational
standards, based on the British Code of Practice.” This referred to the
Code of Practice for the Use of High Pressure Water Jetting
Equipment, which had been published by the Association of High

Pressure Water Jetting Contractors in the UK, and which was
discussed at the meeting.

A draft document was then prepared, based not only on the UK
document but also incorporating suggested practices adopted from as
many sources as could be identified during the summer of 1984. This
was then circulated for discussion. As a result of comments which
were returned, some 10 pages of suggested changes were brought to
an open meeting, held in Denver on October 23, 1984. Each of these
suggestions was separately discussed, and a final draft approved.

This draft was included in the preprints issued to each attendee at
the 3rd US Waterjet Conference held in Pittsburg, and reviewed in a
presentation to that conference on May 29, 1985. At the subsequent
meeting of the Waterjet Technology Association held at that meeting
the Recommendations were adopted. They are now available.

It is stated, in the preface to the document that "As identified in this
document, this set of recommendations is subject to review and bi-
annual modification." At the present time suggested changes to this
document have been received from several sources, and will provide
a basis for document review during the course of the next year. No



such recommendation has been received from Mr. Mondy at this
time. The document has, in general, received favorable comment
from both industrial and government sources, including officials of
various OSHA who have commented that no existing documents are
available in this line from those groups.

It has been the intent of those who have put in a considerable effort
in order to develop this series of recommendations, that an advisory
document be made available on the use of high pressure equipment.
That is what the Association has developed. It is a series of
recommendations, which individuals may or may not wish to follow.
We are anxious, however, that it reflect the best advice to those who
would seek to use it, and thus I encourage comments on any aspect
which readers might wish to see changed.

Because of the legal action which Mr Mondy has outlined, a copy of
his letter has been referred to legal council, who has re-assured us of
the wvalidity of our position. A copy of my reply to Mr Mondy is
available to anyone interested.

On a final note, you should be aware that, following conversations
with cognizant personnel, we were unable to define activity at ASTM,
or the National Safety Council which would indicate any chance of
standards being issued by either organization in the near future.

Should you have any further questions on this matter please do not
hesitate to contact me, and I will be glad to respond to you.

Respectfully [ remain,
Yours sincerely,

David A. Summers
President
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SUBCOMMITTEE PORMED.

Dick Passman; J.D. Frye; Chuck Mondy
and his son; S5id Tayler; Milt Anderson;
George Rankin and Dave Summers attended a
meating held in the Houston Hilton in Texas
on January 30, 1986.

Faollowing general discussion on the
rale of the WITA in standard development,
afs opposed to the effort being put forward
by a subcommittée of ASTM Committaee E-14,
it was agreed to form a subcommittee of the
WITA Standards Committege. The initial mem-
bers of this committee were 5id Taylor
(Chair] of Weatherford; Milt Andecson of
Butterwarth; George Ranken of Aquadyne; and
J.D. Frya of HydraServices. The imitial
charge to the committes was to collect to-
gathar and coordinate a sat of existing
standards which cover the eguipment which

is used by the waterjet community. F‘T]nu:
ing construction of that databasa it ia
intended to define additional working i,
ety standards for egquipment use in hig. pr
essure applicationa. (These would be of th
type such as "To what pressure can one 458
k" MPT thread in Fittings?®)

Consesquent to this agreemant, the mes
ting discussed common insurance problems
and ether prablems of “a political mature
before agreeing to examnine a newly propose
method for evaluating the effestivenssas
of cotting nozzles. (Sea Diagram)

Anyone interested in joining that sub
committes, oF having input to it, is asked
to contact Mr. 3id Taylor of Heatherford
at (713) 439-9400.

Standard Method of Test Equipment for Mozzle Evaluation
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ARNANCIENT'S

JET TECHBOLOGY ASSOCIATION *International Water Jet Symposium.
MEETING.
WHEN: GSeptember 9-11, 1987
WHEN: July 16, 1986 WEERE: Bijing China
WHERE: Henry V111 Hotel and Conference
Centre For more Ilnformation plesse contact:
L6900 W. Lindbergh
Bridgeton, Missouri Ir. Pun-Den Wang
(8t Louis County) Water Jet Technology Assn.
63044 390 Union Boulsvard
TIME: 9:00 to 5:00 P.M. (Wednesday) Suite 5kO
_ lakewood Colorado B0228
*BOARD OF DIRECTORS MEETING. U.5.A.

Phone: (303) 980-1353
WHEN: Will be held on Tuesday evening
the 15th. of July, 1985.

For Reservations at the Hotel, please
eall.... (314) T31-30LO

For more lnformation onm the meeting you
can call Dave Summers at (314) 3L1-L4311
or Evette Steele at (513) 932-4560.

PLEASE "R.5.V.P. PLEASE
:} {513} 932-4560

f""
PCOMTNG EVENT'S:

*2Tth. U.5. Symposium om Rock Mechanies.

WHEN: June 23-25, 1986
WHERE: University of Alsbama
P.0. Box 2967
University, Alabams 35486

For more information phone (205) 3kE-3025

*Bth, Interpational Symposium on Jet
Cutting Technology.

WHEN: September 9=11, 1986
WHEHE: Durham, England

For more inforsation plesse comtact:
Jane Stanbury
Conference Organizer
Bth Jet Cutting Symposium
BHRA, The Fluid Engineering Cenmtre
Cranfield, Bedford MKA3 OAJ,
i) | e
aternational Water Jet Symposiom.



HIGH PRESSURE WATER BLASTING: OVERCOMING THREE COMMON DEFICTENCIES

By W. Glen Howells, Ph.D.
Berkeley Chemical Research
Berkeley, CA

There are at least three deficiencies
in high pressure water blesting. They
are:

1. The inablility to obtain nozzle
pressure more clogely matching pump
pressure.

2. The lack of focussing of the water
Jet emerging from nozzles apd

3. The limitation of pressure avail-
able from a specific pump which in
turn limits performance.

A1l of these problems are related to
the chemical structure of weter and emch
one can be ameliorated by modifying the
basic physical chemistry of water. Except
in ice (or as is more commonly recognized
in snowflskes) water does oot have suff-
icient structure for the saxlmm effecti-
vaness one would wish for the ideal flaid
that is to be used 1n high pressure blast-

ing.

Water has the composition HpO. It com=
gists of a molecule in which one ocxygen
atom is individually attached to two hyd-
rogen atoms. As in many materisls, 4iff-
erent electricel charges. In water the
hydrogen atoms carry & partial negative
charge. These positive and negative char-
ges glve rise to electrostatic interact-
ions. As a consaguence individual water
malecules are attracted to one another.
This attraction results in a limited stru-
cture and becsuse of this, water iz a lig-
uid. Other approximately eguivelent com—
pounds, such as hydrogen sulfide {H.3),
are gases at normal temperatures amd pre-
gsures since they do not possess even this
limited structure.

Howawer, by dissolving a particular ch=
emical in water it i1s possible to take
advantage of the electrical charges and
impart more structure tot he wvater by mod-
ifying its physical chemistry.

This specific approach bas been succe=
ssfully employed in high pressure water
blasting for the last eleven years.

The "structure inducer” is callesd SUPER-
WATER® concentrated industrial water blas-
ting additive. This addifive is soluble ip
water and is capable of attracting &od bi-
nding water molecules in such a way that =
more extensive and well defined structure
is obtained. Each individual ([or in chemr
ical terms, "momomeric”) unit of SUPER-
WATER® is capable of attaching to itself
13 to 14 weter molecules. IT the backbhone
of each SUPER-WATER® is regarded as linesr,
This results in sets of intertwined long=
itudinal structures with cylindrically
oriented water sheaths.

SUPER-WATER® has a high molecular weig-
ht s0 each of 1ts molecules gives rise to
8 very extended structure within the water.
Such extended structures stabllize laminar
flow and decresse turbulenca or the forma=-
tion of vortices in boundary layers. This
brings about socalled drag reduction and
affectively takes care of the first |:‘|.Ef'_1.|:1
isncy mentioned im the opening paragraph.
Now pressure obtained at the nozzle more
nesrly approaches pump pressurs because
friction losses are reduced by approxims-—
tely 50%.

The gecond deficiency iz that water 4di-
verges when smerging from even the best
designed nozzle. This too, obvicusly is a
direct consequence of the general lack of
structure of water. The molecules have an
inherent desire to "part company” in rap-
1dly flowing jets. However, with the
SUPEF-WATER®-induced structure present in
the water the iotegrity of the Jet is ma-
intained. When SUPER-WATER® solutions
emerge from either eylindrical or fan
Jeta, a remarkable difference in appeara-
noe 1s immediately observable. In eylin-
drical Jets, vhere asually a cone of wmater
is produced, SUFER-WATER® gives a cylind-
rical jet. With such a cylindrical Jet,
energy is not dissipated prior to reach-
ing the target and also the effective
stand-off distance Is greatly incresmsed.
Additionelly, water vapor pockets that ‘
lead to random damage by cavitation are
not so readily formed.



creases in ef fectivenass of Z-50 times are ob-
tained depending upon the task.

Thirdly, when a jet of SUPER-WATER®
impacts a target (at speeds which are usually
supersonic) the extended structures act as though
mlr were solid particles. This is becauss they

e insufficient opportunity to relax: they be-
¥ i as though they were molecular chains bom-
bu.ding the smface. This "solid bebhavior” great-
ly enhanses the effectiveness of the water jet
and has been judged by many users to be equiva-
lent to several thousand more pounds of pressure.

Finally, SUPER-WATER® scolutions are slip-
pery and many users are convinced that by imp-
arting lubricity to the moving parts of pumps,
the product extends pump life time and axtends
nozzle life,

**Above article bas been reprinted from the
Dec./Jan. issue of THE MAINTENANCE

These are the three steps used to explain the JOURNAL.

markedly increased efficiency of SUPER-WATER®
solutions over plain water. Users claim that in-

SHIP HULL CLEANING WITH SELF-RESONATING PULSED WATER JETS

by

Andrew F. Conn and Georges L. Chahine
Tracor Hydronautics, Inc.
Laurel, Maryland, U.5.A.

‘,.-'"‘ Cleaning trisls on ship hulls in

d ek have shown that white metal
flyishes can be achieved with pulsed,
self-resonating water jets, using no
Erit or other pdditives. Under an
ongolng program, these preliminsry field
trials wers conducted in the shipyard
gt Tracor Merine, Fort Lavderdale,
Florida. These tests have demonstrated
potential of achieving the desired sur-
face finishes at economically viable
rates of cleaning., The success of these
trials has motivated the cootimuation
of this program to develop a prototype °
device for commercial use ip shipyards.

INTROTOCTTION

Grit blasting of steel ship hulls

in drydock iz an established and sue= .
cessful method. An operator can easily
produce & wide range of resulte—varying
from a geotle and rapid removal of
marine growth and loose paint patches
te an excellent "white metal" finish
!‘j‘l‘.-lhl& for immediate application of

. imer coating—hy changing where
i nds relative to the hull, and

10w e sWesps the afr-borne particles

(7

acrogs the surface. With such a proce—
dure already in place in shipyards all
over the world, why then did our company
decide to embark on this examination

of whether or not water jets—econtaining
neither additives nor abrasive particles
—could be & competitive replacemsnt

for the existing techmology? The
primary reason 1s pollutiom, the major
drawback to grit blasting.

The most commonly used material
for shipyard blasting of steel is known
as "Black Beauty," a slag by-product
from the smelting of copper. Although
ideal for this use—in terms of the
herdness and sharpness of the particles
—the finer grit particles can be car-
ried for large distances If even a
gentle breeze is blowing. Nearby
wetervays are inesvitably polluted by
this grit; and cleaning costs in and
arcund the drydock must be-added to the
significent contribution that the grit
adds to the cost per unit ares of
eleaned mll. Accumilations of grit
under floating drydocks may eventually
lead to s mejor dredging effort., And



the protective suits required for the
grit blasting operator, to protect his
eves, skin, and lung=, can become
infernos on even a moderately warm day.

A mumber of shipyerds have begun
to acquire some type of water blasting
equipment because of the problems listed
gbove. HNone of the existipDg water jet
systems, however, are capable of econo—
mically creating the kinds of vhite
metal finishes (SA4=2.5 or SA-3; ses
the definitions of these surface
finishes in Table 1) that many ship
owners and the U.5. Havy require.
Although the existing water jet systems
can rapldly create an BA-1 surface,
the white metal regquirement cannot be
effectively achieved with conventional
water jet nozzles when operated within
the pressure limitations of even nom—
standard, positive—displacement pusp
units, namely, up to 138 MPe (20,000
pai). Sipce the costs associsted with
hoses and other components rise rapldly
with pressure; and there is & rapid
decrease in the lifetime of all compo—
nents as pressure increases, it is very
dezirable to keep the syste= pressure
within the rating of what we would term
a standard pumping unit, i.e., 68.9 MPa
have been available (10,000 psi). Pumps
and assoclated hardware which operate
at or below 68.9 MPa have been available
for many years from mmercus suppliers
and are now developed to & level of
high reliability and safety. This ls
particularly importent io vhat can only
be degcribed as the extremely migged
environment of most shipyards.

The epnflicting objectives of
minimizing system pressure and yet
achieving & rapid and thorough remcval
of fouling, paint, end rest from &
steel hull were partially resolved in
an earlier study cur compamy conducted
for the U.8. Maritime Administration
(1,2). Using the CAVIJET cavitating
fluid jet technology, 1t wvas demon—
strated that pressures of only 13.8 MPa
{2000 pei) were sufficient to ecopo—
mically create an SA-1 surface. As
digcussed in References 2 and 3, &
six-nozzle experimental system requiring
only 66.3.%W (89 hp), clesned at a
rate of over 500 m®/hr (5,L00 ft%/hbr).

At the time of this study (1975), the

CAVIJET system power costs per unit i
area oglsasned were only cne-fiftesnth |/
the grit costs for a comparable grit-"%
blasted surface. Experiments, however
for achieving & white metal surfece
showved that although CAVIJET nozzles
operating below 68.9 MPa (10,000 psi)
coiuld indesd remscve all of the reguired
surface adhersnts, the cleaning rates
per unit of power were far too low to

be practical with that type of cavi-
tating water jet.

A new inverntion——which, although
using entirely different prineiples,
also creates an effective "amplifica-. .
tion" of the erosive capabilities of
a vater Jet——has recently showa itselfl
capable of providing white metal
surfaces within the 68.9 WPa (10,000
].'ai} constraint and at retes that are
potentially competitiwe with grit .
blasting. This inovention, the "SERVO-
JET tm" self-resonating pulsed water
Jjet, and the results of some preliminery
clesning trisls on ship bulls in drydock,
are discussed in the following sections
of this paper. '].

THE SERVOJET SELF-RESONATING PULSED

WATEH JET TECHROLOGY

The advantages of pulsing to
izprove the ercsive action of a Jet—
¢ either modulating or lnterrupting
the flov, and hence using the water—
hammer stress created by & series of
individual slug impects—have long
been appreciated by the users of wvater
Jets for cutting and cleaning appli-
cations. Such interrupted or pulsed
Jjets provide an enhanced erosivity,
compared vith steady-floving jets, for
either gleaning 8 substence from a
substrate or cutting imto a bulk
material, because of several imteracting
physical phencmena. These lnelude:

8 larger initial impsct stress, due to
the waterhammer effect; larger cutflow
velocities, vhich sid the material
removel processes; an increased area

of impact, thuis allewing delivery of

the impact to a greater surface; and
short duration, cyclic loadings which
serve to more efficlently intersct wi
naturally gcourring materisl flaws and®™ ™
enhance debonding of surface adherents.




afihancement can readily be created,
without the excessive internsl component
Wear and pressure logses associated with
mechanically pulsed water jets.

THE EQUIPMENT

Since the objective of these field
trianls was merely to determine the
fessibllity of obtaining white or nesr—
vhite metal finishes on actusl ship
bulls, the egquipment used was selected
on the btasis of availsbility and minimm]
cost. Although this decision resulted
in some ipteresting challenges during
the testing, it proved correct since
we did achieve our goals for this pert
of the project. The patural site for
these trials wvas at TMI {Tracor Marine,
Ine.}, Fort landerdale, Florida, since
TMI and Tracor Hydronauntics are both
subsidiaries of Tracor, Inc. A TMI-
owned WOMA pump, with £8.9 MPs (10,000
psi) capability at flow rates up to 100
l/m (26.5 gpm} was used, along with
ancther portable diesel-powered unit,
rented for the occasion., The rental
pump was laso reted for up to 68.9 MPa
with flow rates up to 11k 1/m (30 gpm).

The multi-nozzle SERVOJET array
is seen schematically in Figure 2.
A total of 15 nozzles were available,
elght in cne manifold and seven in the
other. High pressure, 12.7 mm (% in.)
ID hoses were run independently from
the rental pump and the WOMA to the
elght-nozzle and seven-nozzle menifolds,
regspectively. The support plate for
the relative positionings of the two
sets of nozzles, as seen in Figure 2b.
The s te was mounted to &
51 mm (2 in.) diameter steel pipe,
which in turn was clamped (see Figure
3) to the basket of the machine chosen
to provide motion for the SERVOJET

OozZzle AYTAY.

This machine, as seen in Figure L,
wvas & "High Reach,” (Model SOF Aerial
Work Platform manufactured by JLO
Industries) vhich was avallable in the
TMI shipyerd, and hence selected for
these feasibility trimls. Although
its capabilities were less than ideal,
~& testing technique (see below) even-
cually evolved which alloved us to
achieve our cbjectives. Use of such

(9)

The originsl impetus for develop—
mant of a self-resonating nozzle arcse
from the need to create improved sub~
merged cavitating jets to augment the
action of deep~hole drill bits (4],

It wes then realized that the same
principles of self-rescnance could be
used to passively interrupt & water
Jet in air (5,6,7). This SERVOJET
concept is now being developed for &
variety of cleaning applications,
ranging from removing soil from aircraft
exteriors to strippiog worn nonskid
coatings from aircraft carrier decks.
To date, enhanced erosivity has been
abtained over & pressure range of from
b.1 to 68.9 MPa (600 to 10,000 psi),
with systems of between 3.7 to 150 kW
(5 to 200 np).

A variety of self-resonating nozzle
syetem designs have been developed
(see Figure 1), for either enhancing
the creation of cavitation in & sub=
merged jet, or to interrupt a water jet
in air. The "PULSER-FED" self-resonat-
ing Jet (SERVOJET), shown in Figure 1o,
was the design found to be most readily
adaptable to creating an fin-sir pulsed
Jjet, end it can be seen from the several
configurations in Figure 1 that the
FULSER-FED concept 18 a combination
of the "PULSER" (Pigure 1a) and "ORGAN
FIFE" ( Figure 1b) configurations.
A tandem—orifice Helsholtr resonating
chamber (diameter, dT, in Figure le)
is tuned so as to excite a standing wave
within the orgenpipe section (length,
L, Figure 1c). Peak rescnance in this
gystem occurs vhen the frequencies of
the Helmholtz chamber and the organpipe
wave are matched to & preferred jet
structuring frequency for the exit
orifice (do in Figure 1c). By varying
the several dimensions of this system
end the operating pressure, first,
second, or third mode resonances can
be selected. BSee the references cited
above for further details on the
performance of these self-resongting
syEtems. i

It is emphasized that no moving
parts are required to create the
necessary pressure and velocity luc-
tuations in these nozile systems.
Therefore, the required high-frequency
pulsations for optimum erosivity



by the individusl nozzles), and (c)
achieving & sufficiently rapid (and
constant) speed of tramslation to allow
adequate evaluation of the effects of
this parameter. ¥Yarlations in the

hull plates and the difficulty of steer—
ing the High Reach in a perfectly
straight path parsllel to the hull both
contributed to the standoff comtrol
problem. However, as seen in Table 2,
practice served to improve this control.
During these preliminary tests & gap—
fres total path was achieved by multiple
runs scross & portion of the hull (see
Figure 6.

The following method for analyzing
the results was used in order to infer
the rates of cleaning achieved in these
tasts:

{(a) The individual=-nozzle clean
path widths, gaps between
clean paths, and total path
widthe were all measured.

(B) A factor, p, was derived as
the estimeted fractiom of the
total path width, w, that was
cleaned to each specified
degree of surface finish (SA-1,
S.H'E, ar 3*'215}#

{(¢) The rate of cleaning, A, for &
glven test rum, vas then cal-
culated from:

A"=pwrw [1]
where v is the speed of translation of
the mozzles.

Two ship bulls were used for these
trials. The first was the Exxtor I,
a cargos ship with hull curvatures that
made control of the test conditlions
particulsrly 4ifficult. The second
eraft, the Revere Sun barge, was iseal
for our purposes. Its stralght flat
bull surfaces provided large areas of
fairly uniform fouling and paint com—
ditions which facilitated the testing
and interpretation of results. The
Exxtor I hull had a vinyl coal tar
primer, wvith & resin-based antifoulant
coeting. The Revere Bun barge had a
magstie epoxy primer and a vioyl-based
antifoulant paint.

: Two types of exit orifice nozzle
configurations (labeled dp in Figure lc)
wvere used. For the majority of the

(10

a muchine for serious commerciml clean—

ing of ship hulls, however, 1s r:ertainﬁ
T
—

not recommended.
TEST PROCEDUEES AND CORDITIONS

A variety of approaches for moving
the oozzle menifalds were tried with
the High Resch mechine before a method
giving reasonably reprodocible results
wae Tound. We tried swinging the boom
in either horizontal or verticel planes;
and various "booming=in" and out moves
vere digscarded. The procedure wvhich
finally worked mey be seen in Figure 5;
But only the skill of the operator,
Mr. Gary Cunningham, seen here braving
the spray and keeping the High Reach
moving 4t & reasonably straight and
constant wveloeity, sllowed the effort
to succeed. Az stated, we do not recom—
mend this=—a strictly experimental
method=—for a4 system designed to clean
en eptire ship the section of hull being
cleaned, it wvms possible to complete
runs of about 0.9 to 1.2 m (3 to b ft)
in length &t desired preselected speeds
of translation=—after a brief learning, .
pariod by our operator. g, I

Prior to a run, the desired opera®
ing pressure wes set by adjusting the
HPM on each diesel until the required
pressure vas indicated on the reapective
manifald gauge. A length to be clesned
vas marked om the hull, and the time
to traverse betveen the start amd stop
lines wvas timed by stopwatch. In
addition to translation speed, the cther
variahles vers gystem pressure, standoffl
distance, and arifice nozzle type.

When all 15 SERVOJET nozzles were used,
the maximum flow capacities available
gllowed nozzle pressure drops of up

to 48.3 MPa (TOO0 pei). By successive
remnoval of nozzles (and plogging the
openings in the manifelds), a range

of pressures up to & maximum of 62.0
MPa (9000 psi) ecoculd be attained (with
nine nozzles in operation).

The main difficulties with this
sxperimental procedure were: (e} mein-
talning & desired standoff distance,
and (b) adjusting the angle of tilt
and relative positioning of the two
manifalds so as to avoid "gaps" (um T
cleaned strips between the paths clean.



tests (Runms 1 through 21), a cireular
orifice of diameter 1.1 mm (0.042 in.)
. uged. This orifice configuration
; ovided & relatively narrower bat more
*“ntense path of cleaning intensity.
‘he remainder of the tests (Funs 22
to 30) wtilized a 15° fan type nozzle,
with an equivalent circular orifice
of 0.9 mm (0.036 in.). This configur-
etion delivered A wider but less intense
clianing path in eomparison to the cir-
cular Jet.

DISCUSSION OF HESULTS

The conditions end results for
these preliminary hull clesning trisls
are summarized inm Tables 2 and 3. The
cleaning rate effectiveness, eg, is
defined ag:

eg=A" /P .

The cleaning rates, A", were calculated
uwsing equation [1[, and P, is the
bydranlic power delivered by the full
get of nozzles used for & given run
(values are listed in Table 2). The
cleaning rates, for a glven surface
fipnish and nozzle pressure drop, are
een to vary wvidely. These variastioms

& due to changes in standoff distance

# 4 in the speed of translation. Over
& limited range of speeds avallahle
{up to only sbout 6.5 cm/s (2.5 in./s)
vhich was the limit of the operator's
ability to cootrol the High Reach ma-
chine), theré was essentially no measur-
able effect from the translation speed
parameter. Therefore, this parameter
wvas oot listed in Table 3. '

Based on laboratory testlog, the
SA-1 surfece cleaning rates seen In
Table 3 are es much as an order of mag-
pitude lower than vhat might have been
achieved if we could have translated
the nozzles in & more rapid and con—
trolled manner. A desirable standoffl
distance for SA-1 cleaning was inm the
range of about T to 12 nozzle diameters
or about 8 to 13 em (3 to 5 in.) for
the round 1.1 == nozzles, and about
5S¢0 10 em (2 to & in.) for the fan
noztles. In summary, these results
indicated that pulsed fan jets &t &
;a:ure of k8.2 MPn (7,000 pei) are

1

le to achieve an SA-1, " brush-off
waning,"”" at rates of well over 32
~ /br. (350 £t */hr.), with a 150 kW

(11)

(200 hp) pump power. The fan nozzles
deliversd an arcaive (ntensity which
wes only marginally capable of produc-
ing an SA-2 finish on the Revere Sun
barge hull.

A pressure of 62.9 MPa (9,300 psi)
was required, with the more fntengive
round nozzles, to achisve an 54-2.5,
"near-white blast.” The difficulty
of maintaining nozzle alighnment made
it impossible to achieve a full (ungap-
ped) SA-2.5 path, hence, as noted in
Table 2, multiple passes were made in
arder to assess the feasibhility of
acbieving this type of surface. For
this ressecm, we could only infer the
SA=2.5 cleaning rates toc be at least
T a?/mr (75 £ ?/hr), 1.e., sbout one-
half the SA-2 rates for the same pump
povwer. Standoff distances for the
SA-2.5 finish were comparable toc those
for the SA=-2 surface.

RUST INHIBITING

A vater-blasted bare steal surface

1;ri.':l.l.I. rapidly be covered by so-called
flash rust,” Hull areas cleansd to

an 8A-2 or SA 2.5 fipish dwing the
SEEVOJET trials at Tracor Marine showed
this red layer of oxidation within a
few hours of exposure to the humid
Florida enviromment. Although it is
common practice inm Burope to paint over
this tightly adhering oxide film (8),
there 13 a resistapnce in the U.5., from
shipyards, ship owvners, and paint man-
ufacturers, to placing the AC (anti-
corrodant)] coating over & flash-rusted
bull. To examine this facet of possible
reluctance to using water blasting

for ship hull cleaning, a paiotablility
study was conducted.

A total of twelve test panels wers
uged in this study. Four were sleansd
to an SA=-2.5 finish b conventional
grit blasting; the other eight by water
Jetting. OFf the latter eight, four
panels were allowed to thoroughly flash
Tust before being painted, while the
last four wers protécted with & rust
inhibitor having the following compo-
nents :

P ARG
by ®alyha L
8.1 Bodilam aleeles (mam )
i.a8 Disssnlios phospidts (BN, ) AFD, [sles known s
Ficosdary asecaies ghosphate [dlbaaiail
LY maE e L




This inhibitor has been recommended
by the U.5, Navy {9) and the Steel Struc-
tures Painting Coumcil (10), as being
a safe and very inexpensive way to pre-
vent flash rusting of bere steel surfaces.
The cost for inhibitor chemicals to
protect the complete hull of a typlzal
ship serviced at Tracor Marine would
only be about $2.61. Depending on the
thoroughness of the application and
the enviroonmental conditions, this
inhibvitor can prevent flash rusting
for as long 8s seven days (10).

All of the test pansls were then
protected with AC, top coat, and AF
{antifouling) -coatings at Tracor Marine,
using the save procedures and meterials
a8 employed on ship bulls. The panels
wers then subjected to three months
of dynamic seawater immersion testing
on the Dynamic Irum Apparatus at the
Miami Marine Research and Test Stationm,
Migmi Beach, Florida. Virtually no
difference was seen in the adhesion
of the AC layer to the steel surfaces
prepered by the three methods. Our
consultants (Mr. Carlos Perez, President,
MMRETS; and Mr. Leon 5. Birnbaum, for—
merly head of the Coatings Branch,

Haval Ses Systems Comsmand, U.S. Havy)
advised that only one to two months

of such testing is sufficient to cause
adherence failures (blistering, debond-
ing) if an improperly prepared surface
is present. This result of no adherence
failures merely served to reconfirm
the British and Eurcopean experlences
with wvhat has become routine practice
in the water jet preparation of ship
bulls in drydock.

COMPARTSON WITH GRIT ELASTIHG

The results from the preliminery
BERVOJET hull cleaning trials vere
compared, on o cost per unit area basis,
vith typical shipyard costs (1983-8L §)
for each specified type of surface
cleaning by their existing grit blasting
method. The assumptions and conclusions
from this preliminary cost analysis
are summarized in Table 4, It is seen,
for each category of surface, that the
SEEVOJET costs per unit ares are com
petitive with typleal grit-blastlog
costs. And, it should be emphssized

(12)

thet these prices do not include the
periodic cleamup efforts necessitated
v sccumulations of the grit both in
and adjecent to the drydocks and sym-
chrolift at this shipyard. These =
encournging cost comparisons, tesed as
they were on the admittedly Less than
ideal test comflguraticon oi the prelim—
lnary fleld trials, and the potential
for greatly reducing the pollution
problems, have motivated ocur company
to decide to continue with the dewvelop
ment of SERVOJET-based squipment for
cleaning ship hulls in drydock.

CONCLIDING REMARES

Freliminary drydock hull cleaning
trials, using a milti-nozzle SERVOJET
gelf-resonating smter jet device, have
demonstrated the feasibility of this
method as a replacement for existing
grit blasting procedures. Although
the equipment used for these field
trials was rather makeshift, the results
showed that costs per unit area of
cleaned hull, with an operational system,
should be competitive with present
grit=-blasting costs, and the pollution @
problems associated with existing
blasting methods. Acceptable hull o
surface finishes, up to SA-2.5, "pear-
white blast,” were achieved by the
erosive action of impulsive water jets
without any additives im the water.

This in-house project is comtimo-
ing, based on the results reported here,
with an on-going effort to design and
bulld eguipmernt which can rapidly and
accurately deploy & multi-nozzle SERV-
OJET cleaning head. This cleaning head
will be mounted in a framework which
contains hydraulically actuated devices
to provide variable and efficient
translation sapeeds for the pulsed nozzle
array Tor each required degree of sur-
face cleaning. The frasevork will be
affixed to a self-propelled, vhealed
vehicle, such as one of ™MI's scissor
lifts, for the pext round of field
trials. Anticipating successful com
pletion of these evaluations, design
and copstruction of production equip—
ment will follow.

M
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Table 1
Surfage Cleanirg Eaflinitiond

TYp=

Deflinkcion

Mrysb=0Fff Jlssk
fleaning
=1
(alen: SEIPC=T,
oOF HACE-4}

Arpaf=aff bladk =leknina L8 & ®echod of preparing metal sucfsces for palncing oc
coatimy by rapidly cemovine loose @il scale, looEe rost, and lacss  paint,
& brugh-off blagt cleared aurface ls defined a8 one [eoé whieckh &1l obl, geresse,
dire, rust=acals; I[ooas mil scale, Lloose rust, and loome peink or coatings are
reamoved complecely, but ciaht ®il scale and bightly adheced cust, palsaz, and
coatingd are peralbted B8 remain pEovided chek  all all scale and rust  BEvE bEEn
sipossd to tha abrasive blast pactern sufficiently to sxpose numercus flecks of
che amdeclyirg mecal Eaicly walformly dlsgcibuted over Ehs eantice duriace.

Compercial Hlase
Cleaning
Gh=d

{alacy BSPC-§&,
ar HACE=}}

Commercial blase cleaned surface Finish iz defined as one frof which all Gil,
greans, dirk, rast=dcale, and logeiqn Sabttar Nave Deen completely eemoved [rom Che
aueface, &nd dEcea®s or dlscoloracions, caused by rust stain, mil scale omudes or
slight, tight residees or paint may be fognd im the boktem of pitd; at lesade tweo-
ghirds of sach mguage Lnsh of suelfsce srea ahall be free of all wisible sesiduss,
&nd tme remalmder shall be limliced to che Light discoleratlios, slighs ®Eaining, or
light remiduss mentloned above.

Hear-White Blast
Cleanlna
Bh-d.%

[almar SEPC=10,
or MACE=2)

A mnear-white hlast cleased surfsce Flrish i@ Aeflned & one froa which all ail,
Geeasns, dice, mil scale, rFuskt, corrogslon are completely removed from the surfmce
gicept for very Llght shadows, very slight stresks, or slioht discolorations csuned
by cust stain, mil scale oxidea, orf slight, tight residuss of paint of coAElng Ehat
Aay pemain, Ak lease 34 parcest of ssch square Lnch of sarface ares shall be Free
of all visible cesiduss, and the remainder shall ke limicsd b0 the light discglar=
ation mantioned abawe.

White Watal Alass

A white Aatal hilast cleansd aurface Floiah is deflned aa & surface wieh & gray-

AA=3 white, wnlform metallic color, slightly coughened bo form & sulcable snchor pactern
[ales: SEPC-3 Eor costings. The serface, when dlewed withaut Mmagaiflcaklond, &hall be fres ol
&F MACE=] | all wil, grease, Alre, vieible mil scale, rust, corrosion products, oxides, paunt,

or any other Forelgn macter. The color af the clean surface say he affected by the
particulir sbradive medlon uaBed.
Table T
Summary of Test Conditlons — SERVGIET Aull Cleaming Trials
LT LT Emie Hopule Translanlios Bramdall Mo, af - Torsl Toral
Ha, Herple Feessoze Spewd, w Dlavasce, E Hopalew Flow Evdraulic
Type EOp, BEate, O Power, F
HPa dkEal) oEy in. & o ina. i/m (gpmi i Thb)
1 + I 1.7 | #.67 10 E 1'
I b 1.F F.3% =17 Y. h=d. 0
1 E i .2 (720 d.0 1.57 =15 J.0-6.0 15 193 155
i E e 6.5 .54 =15 J.0-6.0 510} {208}
5 = =] 1.% 1.4 §-20 J.0-a.3
iy 2 | 2 ad 13- s T=A,
‘I ta'. x = n ] 4. 0-8, AT [ 4%, 5) LEF L]
L ' Ha 1] a . L] =5
9 t =I 8.1 {7.0) 2.4 098 =13 . 0=5.2 13 ET 134
m L] .E 1.5 1.52 k=11 ¥.2-5.1 [ 2} {1Baj
11 L i l A6 1.83 =15 To1=6.4
L] -l - 1.0 .51 -5 3.1-1.%
LP ] -2 E‘ i 1.3 1.52 =1 Ja1-4.3
T g 1.5 | 1.9 25 » 1.0
% L =i 55.1 (@8] 1.1 1.2% =11 Jai=A.} 11 LEF] 139
1§ - 3.3 I =10 3.5=4.9 [dd3.21 {187)
T o ! 13 L b =18 3.5-4.3
" = 1.5 i, 5-10 3, 5=4,0
¥ = by TR =] T.0-1.4
10 | 629 |93.0) 3.0 T.H0 f ] Ja0-=-3:4 ] 13} 17
il L] 1 =1 s0=3:4 135:11 (L LN
id - F-5x 1.4 r.H (] 1.5=1.%
I3 - - = a.% L-PRE ] =& 1.0=1.%
b1 - ': 4B.2 [T.8) 3.4 i.x3 =T T.3=2.7 5 i3 113
a5 = Py 1.5 0.97 =5 1. 85=0.% [E L PR3] - [1ES)
i ::.'- [ ] 2.3 J.5=4 T, 4=0.5
ii I ol i 1.5 | b.&1 . 8=3.4
s ‘__"'.I 4.1 L% | B= d.d=d ik
29 l — 3% 1.8 (9.0} 3.4 (8- E=T 1.2=-2.% 9 =181 186
an E_ + I_.U 0,74 =T k!rl.l L ] [AT. 8] rlla._H
Hobtsy The following sate of rums wers repasted over sress of vhe bull (two or three rena par & gives
speady (19, W00 (O3, T4, 15}, {7&, 07, VAR, (P9, 20, JV}, (30, 3P, J2].
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Table 1
Suemary of Test RAesults — SERVOJET Bull Cleaning Trials

Cleanimg Raves, & Clesnimg Bare Effectivemsss. &,
'.l' Exie Surfsce Bogzle
. J'dg“;:g Finiak Pressure Earge of Besulbs Typical Valuen® Ramge of Resulks Typical Valuss?
=i TYPS Dercope z 2 1 z 2 2 1 1
HPaikail m S hr £t " hr &/ hE e /e | A" hW=he | [E5/Bp=he | @~ /AW=hr e hp=ht
Clivcul ar 4. 2IT.0F| F.7-5%4 Ipa-584 16.7-29.7 | 1e0=130|0,.08=0,1% | 0.%=2.0 0.13-0,19 1.08=1.9
orliflice; Zh=1 55:1(8.0) |20.4-22 .6 |2E0-241] 0.8-29.9 | 324-3106|0.05-0.01& | 0,.3=0,.] 0. 15-0.16 1.2=1:1
di amscer B2.9(%.0) II..Ifh' I".ilb 4.8 153 .11 ¥.86 a.1 .26
I.0 m 48, 2| T.0))| 4.0=23.9| #43-16F B.S5-18.%8 92-200|0.02-0.32 | 0.3-0.8 0.OR-0.12 D.%=1.0
[o.043iml Bh=1 R T (M. 0] 5.5%=17.7| SR=19) E.6=13.% TI=143)|0.03=-0.12 | 0.3=0.00 D.95-0. 1@ O.4=-0.8
§2.049.0) | 5.2%0% | st 5.1 1) o.04 0.1 .04 o,
15" Fam. AR, 2T 00| 5.)=02. 8] S7T=15] 0. =215 | 111=231|0.04=0.26 | 0-1=2.10 D.99=0.1T Q.7T=1.4
CLE TR Fh=1 5 -
lent Als E2.049.0) 1.3 i .5 351 o.39 .6 .20 1.8
9. Diesw 8. 24T.0p| 2.0=10.8 | F3-VOB 4.2-T.% 45-A1 |0.07-0.09 |0.1-0.7 2.04-0.08 9.1-0.%
ER-1
10.0361n.) E2,00%.00 1,00:€ | 1Bt 1.0 11 0.01 0.1 0.0 m.1
® gypieal valeed srs defined as within ome standsrd dsvistion arcand msssn walus of full remge of resules
{8 F.Fa).
5 Theas dlngle values ars becauss, althouqh sultipls rurs were made at each pressure, in several
cases (a8 noted in Table I), repeated runs were madr cver Ehe sase hull ares.
T gleaning cated bhaded on Elms cegulred EO REke Ehtee paddsd over Sass hull afed.
Tables 4
Cont Analyals of SEAVOIET Hell Clasanimg System
=l Assumpeions (ALl costs ace 1983-34 dallaes]
1. Yasarly Aull Clesning: 8,250 a¥ (950,000 fe)
i ipment Cost B & 3150,000 o $5300,000 |imcluding ssincemance)
1. Depreciation: Flve years, lissae
4. Labor: Two men at $23.75 per Bour: cocal: S47.50 per hour
5. Powar: S$0.07 per ¥d=he; 150 kW (200 hp)] ayscem:
therefacs: S18.50 par hour
6. Water: $0.50 pec ITESC [1000gl: 174 &'m (30 gpm) Elow rate:
therefare: 50.950 par hour
7. Cleaning Rates: SA-1: 31 ml/he (350 fel/he)
Sh=1: T4 & She (150 Hj ShE]
Ex=1.51 T a¥/Re |75 Fefhe)
cosT PACTORS:  $/mY i8sEeT)
Surfaces Finlak SA=1 ah&-1 EA-1.%
Equipment o,34=0,68 0.34-0_&0 0.34-0.88
|8,.032=0_. 0541 ((D.012=-0.064] | {9.032-0.064)
Labor i.46 3.4 §.81
{8.1161 (a.317) (0.E3T}
Power 0.32 0.7% 1.51
{30301 [0.078Y Lol
Wacer 0.03 0.08 |
[0.2073) (@.00&) (@013}
3 Total Cose Rangs 2.15=-1.58 d.63=4.93 B.A3=8,15
J. for SERVOIET Systes [0.20=0.24&) (0.431-0.48) (0.03=0.09]
B Typleal Beie Alasima Coses 3.12 §.08 T.31
{9.29) [0.471 (o681
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