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[57] ABSTRACT 

A method for simultaneously treating and conveying 
workpieces and an apparatus for practicing the method 
by which a rapidly moving con?ned stream of a treating 
?uid is formed into which workpieces are introduced 
for entrainment and conveyance thereby and are subse 
quently extracted from the stream and thereafter suc 
cessively introduced, if desired,'into separate succeed 
ing streams in an ordered sequence, thereby perform 
ing a multiple-stage treatment of the workpieces. 

17 Claims, 35 Drawing Figures 
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I METHOD FOR SIMULTANEOUS FLUID 
PROCESSING AND CONVEYING 

This is a division, of application Ser. No. 774,923, 
filed Nov. 12, 1968, now U.S. Pat. No. 3,664,354. 

BACKGROUND OF THE INVENTION 
A variety of apparatuses and methods have hereto 

fore been used or proposed for use for conveying indi 
vidual workpieces through one or a plurality of work 
stations at which any one of a variety of work opera 
tions or chemical treatments are performed thereon. In 
apparatuses of the foregoing type, the individual work 
pieces are conventionally mounted on a suitable work 
supporting rack and are conveyed in that form from 
one station to the next adjacent work station. Smaller 
workpieces, due to the difficulty in mounting them in 
dividually on such work racks, are ordinarily‘ processed 
in bulk quantities by loading them into suitable work 
containers or barrels which in turn are transported in 
sequence through the work stations. 

In processes by which the workpieces are subjected 
to one or more treatments by immersion in a treating 
fluid, it has been conventional to provide one or a plu 
rality of treating receptacles or tanks, each containing 
the desired treating ?uid, into which the workpieces 
are successively immersed during the course of their 
travel through the process. Apparatuses typical of 
those employed for this purpose conventionally include 
a framework having supporting rails thereon on which 
work carriers are movably mounted and which in turn 
support the work racks or barrels containing the work 
pieces. 

It will be apparent that the combination of the ma 
chine structure and the series of treating receptacles 
requires a relatively expansive plant site to adequately 
accommodate the treating apparatus and the ancillary 
equipment associated therewith. It will further be ap 
parent that in apparatuses of the foregoing type, the 
manual or mechanical loading and unloading of the 
workpieces and the batchwise processing thereof con 
stitutes a tedious and time-consumingoperation requir 
ing a substantial investment in capital equipment and 
plant facilities to achieve high production capacities. 
Processing apparatuses of the foregoing type are also 
characterized as having a large number of moving 
parts, requiring frequent service to maintain satisfac 
tory performance particularly when such machines are 
employed in corrosive atmospheres. 

In accordance with the method and apparatus com 
prising the present invention, many of the problems 
and disadvantages of the processing machines and 
techniques heretofore known are overcome'by provid 
ing a substantial simplification of the apparatus and 
providing a degree of processing ?exibility and versatil 
ity heretofore unattainable in processes and appara 
tuses of the types heretofore known. 

SUMMARY OF THE INVENTION 

The benefits and advantages of the present invention 
are achieved by an apparatus for effecting a treatment 
of workpieces which comprises an elongated conduit 
provided with means for introducing a treating ?uid 
into the conduit for rapid ?ow therethrough and means 
for introducing workpieces into the stream of treating 
?uid, effecting an entrainment thereof in the stream 
and achieving thereby a simultaneous treatment and 
conveyance of the workpieces. The workpieces are ex 
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' the treating ?uid thereto; 

2 
tracted from the conduit at a point downstream from 
the point of their introduction and are separated from 
the treating fluid which in turn is preferably recircu 
lated to the inlet of the conduit. The velocity of the 
treating ?uid and the length of the conduit are corre 
lated so as to provide a desired duration of treatment 
of workpieces while entrained in said treating ?uid. In 
addition, the con?guration of the conduit can be of any 
one of a variety of shapes in order to provide optimum 
utilization of plant space, as well as for providing a dis 
charge of the workpieces at a desired location relative 
to their point of entry into the conduit. 

In order to achieve a multiple-stage treatment of 
workpieces, the workpieces are discharged from one 
conduit at a point adjacent to the inlet of a second con 
duit, through which a separate treating ?uid is circu 
lated and through which‘the workpieces are sequen 
tially transferred in a prescribed sequence. The entire 
treatment of the workpieces can be achieved by em 
ploying one or a plurality of such conduits or, alterna 
tively, a portion of the treatment can be achieved em 
ploying the apparatus and method comprising the pres 
ent invention and the balance thereof by conventional 
processing equipment as may be desired or required in 
any particular instance, thereby achieving optimum 
processing ?exibility and economy. 
Further advantages and bene?ts of the present inven 

tion will become apparent upon a reading of the de 
scription of the preferred embodiments taken in con 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS ‘ 

FIG. 1 is a schematic plan view of a series of inter 
connected retum-type processing apparatuses con 
structed in accordance with a preferred embodiment of 
the present invention; 
FIG. 2 is a magni?ed longitudinal vertical sectional 

viewthrough an inductor suitable for introducing a 
workpiece into the inlet end of a conduit and illustrat 
ing schematically the associated piping for supplying‘ 

FIG. 3 is a longitudinal vertical sectional view of an 
alternative axial pump adapted to serve as'an inductor 
or an in-line ?uid booster; ' ' 

FIG. 4 is a fragmentary perspective view of the appa 
ratus shown in FIG. 1 adjacent to the treating ?uid stor 
age reservoir; 
FIG. 5 is a fragmentary side elevational view, partly 

in section, of an alternative satisfactory disposition of 
an inductor submerged below the level'of a treating 
?uid in the reservoir; 
FIG. 6 is a schematic plan view of an alternative satis 

factory arrangement of the apparatus shown in FIG. 1, 
wherein one of the conduit sections is arranged with 
the inlet end and the outlet end remotely disposed from 
each other; 
FIG. 7 is a schematic side elevational view of the ap 

paratus shown in FIG. 6 with the conduit and ?uid re 
turn lines at different elevations; . 
FIG. 8_ is a schematic fragmentary side elevational 

view illustrating an apparatus wherein the conduit is 
disposed in the form of a helix; 
FIG. 9 is a schematic side-elevational view of an ap 

paratus in which air is employed as a treating fluid such 
as for performing a drying operation on the workpieces 
and wherein the conduit is arranged to provide for 
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gravitational assistance in effecting rnovementof the 
workpieces therethrough; 
FIGS. 10 through 15, inclusive, are transverse cross 

sectional views illustrating alternative cross sectional 
con?gurations of the processing conduits; ’ 
FIG. 16 is a transverse cross sectional view of a con 

duit formed with a plurality of radial inwardly project 
ing vanes on the interior surface thereof for imparting 
directional guidance to the treating ?uid passing there 
through; 

FIG. 17 is a fragmentary side elevational view partly 
in section illustrating the spiral con?guration of the 
vanes of the conduit illustrated in FIG. 16; . 
FIG. 18 is a transverse vertical sectional view through 

a conduit con?guration of still another alternative con 
figuration; ' 

FIG. 19 is a transverse vertical sectional view of still 
another alternative conduit con?guration; 
FIG. 20 is a vertical transverse sectional view through 

a conduit provided with a plurality of longitudinally ex 
tending conduits disposed in each corner thereof hav 
ing a series of apertures along the length thereof for in 
troducing a fluid into the interior of the conduit; 
FIG. 21 is an alternative satisfactory cross sectional 

con?guration of a conduit of the type shown in FIG. 20; 
FIG. 22 is a transverse vertical sectional view of a 

conduit formed with a plurality of helical grooves ex 
tending along the internal surface thereof for imparting 
a controlled ?ow pattern to the treating ?uid passing 
therethrough; 
FIG. 23 is a transverse vertical sectional view of a 

conduit provided with a supply tube terminating in ajet 
for introducing a treating ?uid into the interior of the 
conduit in a tangential direction; 

FIG. 24 is a fragmentary side elevational view partly 
in section illustrating the provision of a nozzle at a 
point along the length of the conduit for introducing 
additional treating ?uid into the interior of the conduit; 
FIG. 25 is a fragmentary longitudinal view partly in 

section of a conduit formed with‘ a manifold there 
around from which a supplemental treating ?uid is 
adapted to be injected into the interior of the conduit 
through a series of angularly oriented nozzles; 
FIG. 26 is a transverse vertical sectional view of the 

conduit and manifold arrangement shown in FIG. 25 
and taken substantially along the line 26——26 thereof; 
FIG. 27 is a transverse vertical sectional view through 

a conduit incorporating a perforated insulating sleeve 
and electrodes for contacting metallic workpieces to 
effect an electrification thereof during at least a portion 
of their travel through the conduit; ' 
FIG. 28 is a transverse vertical sectional view through 

a conduit and encircling manifold which is compart 
mentalized so as to enable the introduction of a treating 
?uid into the interior of the conduit and a concurrent 
withdrawal of a treating ?uid from the interior of the 
conduit; 
FIG. 29 is a fragmentary side elevational view of an 

alternative construction of the outlet end of a conduit 
for effecting an extraction of a workpiece from the 
treating ?uid; 
FIG. 30 is a transverse vertical sectional view of the 

apparatus shown in FIG. 29 and taken substantially 
along the line 30-30 thereof; 
FIG. 31 is a fragmentary longitudinal horizontal sec 

tional view through one of the guide conduits shown in 
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FIG. 30 and taken substantially along the line 3l-—3l 
thereof; 
FIG. 32 is a fragmentary transverse vertical sectional 

view of an alternative arcuate guide shoe for guiding 
workpieces around the turnaround portion of an appa 
ratus from the outlet end of one conduit to the inlet end 
of an adjacent conduit; 
FIG. 33 is a perspective view of a typical carrier in 

which one or a plurality of workpieces can be placed 
for conveyance and treatment in the apparatus; 
FIG. 34 is a longitudinal sectional view of a carrier as 

shown in FIG. 33 containing a plurality of small work 
pieces; and 
FIG. 35 is a longitudinal sctional view of an alterna 

tive carrier on which a single workpiece is removably 
mounted. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now in detail to the drawings and as best 
seen in FIG. 1, the processing apparatus of the present 
invention is comprised of three individual sections, 
each having a separate treating ?uid through which 
suitable workpieces are advanced, effecting a succes 
sive treatment thereof. In the speci?c embodiment il 
lustrated in FIG. 1, each of the three sections of the ap 
paratus, indicated as A, B and C, is comprised of a re 
ceptacle or tank 50 which serves as a reservoir for the 
treating ?uid, which in this particular instance is a liq 
uid.‘ A suction line 52 is connected to the tank 50 for 
withdrawing the treating ?uid therefrom and supplying 
it to the inlet side of a centrifugal-type pump 54, which 
is driven by a pump motor 56. The pressurized treating 
?uid is discharged from the pump 54 through a pres 
sure line 58 which is connected to an inductor 60 
mounted on a conduit 62 which is of a generally U 
shaped con?guration and is typical of a so-called re 
turn-type arrangement in which an inlet end 64 of the 
conduit 62 is disposed adjacent to an outlet end 66 of 
the conduit. 
A series of workpieces 68, as indicated in phantom, 

are continuously supplied through a suitable supply 
chute 70 into the inlet end 64 of the conduit and there 
after are entrained in the treating ?uid and are con 
veyed or transferred in the direction of the arrow 
through the conduit and are subsequently discharged 
from the outlet end 66 thereof. The outlet end 66 of 
each conduit is disposed above the respective tank 50 
such that the treating ?uid discharged from the outlet 
end 66 thereof returns to the tank and is recirculated 
by means of the pump 54 back to the inductor and 
through the conduit. The workpieces 68, on the other 
hand, are transferred by means of an arcuate transfer 
chute 72 from the outlet end 66 of one conduit to the 
inlet end 64 of the next adjacent conduit. In accor 
dance with the arrangement as illustrated in FIG. 1, the 
workpieces are successively transferred through each 
of the three sections of the processing apparatus, 
thereby achieving a successive treatment by each of the 
three treating ?uids contained in the receptacles or 
tanks 50. 

It will be appreciated that a greater or lesser number 
of individual conduit sections can be provided as may 
be desired or required to effect an appropriate treat 
ment of the workpieces. One or more sections of the 
apparatus can be coordinated with the operation of 
conventional mechanical processing devices of the 
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types heretofore known so as to provide a selected por 
tion of a total multiple stage work operation or treat 
ment on the workpieces in order to achieve optimum 
processing ?exibility and economy. In this regard, the 
supply chute 70 may be directly connected to the out 
put end of a processing machine or fabricating appara 
tus whereafter the workpieces undergo a single or mul 
tiple stage treatment inone or more sections of the ap» 
paratus as illustrated in FIG. 1. Upon emergence from 
the last section C of the apparatus, the workpieces are 
conveyed by means of a discharge chute 74 for further 
processing, assembly, packaging or the like. 

It will be apparent from the apparatus as illustrated 
in FIG. 1 by varying the nature of the treating ?uid, the 
cross sectional and longitudinal con?guration of the 
processing conduit, the velocity of the treating ?uid, 
the length of the conduit, and the number of individual 
treating sections, any one of a variety of metallic and 
non‘metallic workpieces can be processed in a high 
speed continuous manner while effecting a concurrent 
conveyance thereof through the several process sec 
tions enabling an almost unlimited degree of versatility 
and ?exibility. 
workpieces of a variety of different types can be pro 

cessed in accordance with the present invention. The 
only limitation as to the workpieces that can be satis 
factorily handled is in their size and in their configura 
tion to facilitate convenient handling thereof in con 
duits of reasonable size employing feasible treating 
?uid ?ow velocities. Accordingly, cylindrical work 
pieces of a circular, rectangular, square or irregularly 
shaped cross section, either solid or hollow, can be pro 
cessed, as well as spheres, cup-shaped articles, small 
stampings and the like. Ordinarily, the workpiece is of 
a size so as to enable unrestricted passage through the 
conduit including any bends or other arcuate convolu 
tions formed therein. workpieces which are ofa gener 
ally cylindrical con?guration are conventionally intro 
duced into the inlet of the conduit such that their longi 
tudinal axis is disposed in alignment with the longitudi 
nal axis of the conduit, whereby the object is entrained 
by the treating ?uid and remains in the longitudinally 
oriented position throughout its travel. irregularly 
shaped workpieces, on the other hand, may be intro 
duced into the inlet of a conduit in random orientation 
and workpieces of relatively small size can be intro 
duced into the conduit in random orientation and con 
veyed through the conduit in the form of a slurry in 
which a plurality of the small workpieces are entrained 
and suspended in the treating ?uid. The workpieces 
can also be mounted on or disposed within suitable car 
riers or containers to facilitate their handling and pro 
cessing as may be desired. 
The treating ?uid itself may comprise a gas or liquid, 

as well as combinations thereof, to achieve an appro 
priate treatment of the workpieces. Treating ?uids of 
a two-phase composition include, for example, liquids 
incorporating bubbles of gas therein, gases or liquids 
incorporating solid particles therein, as well as liquid 
emulsions consisting of two or more immiscible liquids. 
Gaseous treating ?uids may also comprise vapors of 
volatile liquids, such as organic cleaning solvents, as 
well as conventionally gaseous materials such as heated 
air, for example, serving as a drying'media. 
When a multiple section apparatus is employed for 

performing a sequential treatment of the workpieces, 
each conduit is supplied with a separate treating ?uid 
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to effect the prescribed treatment of the workpiece 
during the course of its travel from the inlet end to the 
outlet end of the conduit. 
The variety of workpieces and treating ?uids as here 

inabove discussed render the apparatus and process 
comprising the present invention applicable for achiev 
ing a wide range of different treatments of the work 
pieces, such as electrolytic treatments, chemical treat 
ments, coating treatments, mechanical treatments, as 
well as electro-mechanical treatments. Of the forego 
ing, chemical treatments are particularly suitable which 
broadly include the various chemical treatments of the 
types heretofore known and as performed by conven 
tional apparatuses and techniques of the prior art. Ex 
amples of such feasible chemical treatments include 
chemical cleaning, chemical conversion coatings in 
cluding chromate and phosphate coatings, acid pick 
ling, rinsing, immersion-type coatings; etching; electro 
less coatings such as, for example, copper, chromium, 
silver, nickel, cobalt, etc.; chemical drying employing 
an organic solvent such as trichloroethylene; impregna 
tion; leaching; dyeing and the like. Electrolytic treat 
ments of metallic workpieces can also be achieved, 
such as electroplating employing a suitable electrolyte, 
as well as electro-cleaning in which the workpieces are 
electri?ed during at least a portion of their travel 
through the processing conduit. The application of dec 
orative and protective coatings can also be achieved by 
employing treating ?uids consisting of the coating sub- . 
stance itself or latices or emulsion-type coating liquids 
effecting the deposition of an appropriate coating on 
the exposed surfaces of a workpiece. - 
Various mechanical treatments can also be per 

formed on the surfaces of workpieces, such as an abra-’ 
sive' surface finishing treatment, by employing a treat 
ing fluid incorporating abrasive particles suspended 
therein which perform an abrasive ?nishing operation 
on the workpiece surfaces as a result of their impinge 
ment thereagainst during the course of the travel of a 
workpiece through a processing conduit. Various elec 
tro-mechanical processing treatments are also feasible 
utilizing induction and dielectric heating techniques of 
the types well known in the art for effecting a heating 
of the workpieces during the course of at least a portion 
of their travel through the conduit while immersed in 
a treating ?uid media of the desired type and composi— 
tion. Similarly, a drying of the surfaces of a workpiece 
can be accomplished during the course of their transit 
through a processing conduit while in contact with a 
treating ?uid such as‘ heated air for effecting a vapor 
ization and removal of the liquid deposits thereon. 
Coatings can also be applied to the surfaces of work 
pieces by the fluidized bed technique to which a plural 
ity of particles are ?uidized in a gaseous stream through 
which the workpieces are passed, effecting the deposi 
tion of the particles on the surfaces thereof forming a 
coating. , 

Typical of the several multiple-stage treating opera 
tions that can be practiced in accordance with the ap 
paratus of the present invention is an electroplating op 
eration in which the workpieces are first subjected to 
a precleaning operation employing a suitable organic 
or aqueous cleaning solution to remove any surface 
contaminants therefrom, followed thereafter by an acid 
neutralization or activating step, if required, with an in 
tervening and subsequent aqueous water rinse and de 
ionized water rinse as may be required. Following the 
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precleaning and rinsing phase, the workpieces are elec 
troplated in a processing conduit incorporating a suit 
able electrolyte and in which the workpieces are elec 
tri?ed, effecting the deposition of a preselected metal 
lic coating on the surfaces thereof. The workpieces 
thereafter undergo a rinse and subsequent post 
trcatmcnt as may be desired consistent with the specific 
metal and type of plating deposited thereon. The elec 
troplating operation can be conducted in accordance 
with any of the well-known types which conventionally 
are applied employing mechanical processing equip 
ment with stationary treating receptacles through 
which the workpieces are sequentially conveyed in ac 
cordance with the prior art. 
Referring now to the drawings, an inductor 76 is illus 

trated which is constructed in accordance with a pre 
ferred embodiment of the present invention and which 
is particularly suitable for processing workpieces that 
approach the size of the processing conduit through 
which a liquid treating ?uid is circulated. As shown in 
FIG. 2, the inductor 76 comprises a tubular sleeve 78 
having a liner 80 of a low friction material, such as a 
polytetra?uoroethylene plastic, disposed within the in 
terior thereof and which liner is formed with a tapered 
inlet portion 82 to facilitate entry of workpieces 84 into 
the inductor. The workpieces 84 are adapted to be 
guidably conveyed to the inlet of the tubular sleeve 78, 
such as by means of a transfer chute 72 or a discharge 
chute as previously described in connection with FIG. 
1. A manifold ring 86 encircles the tapered inlet por 
tion 82 of the liner 80 and is mounted in appropriate 
concentric relationship therewith by means of a collar 
88 threadably secured on the peripheral threaded por 
tion of the tubular sleeve 78. 
The tubular sleeve 78 is appropriately supported by 

a housing 90 which is formed with an annular ?ange 92 
at its forward or right-hand end, as viewed in FIG. 2, to 
which a ?ange 94, encircling a pipe 96, is sealingly at 
tached. The pipe 96 is adapted to be secured to or may 
be integrally formed with the processing conduit. The 
lower portion of the housing 90, as viewed in FIG. 2, 
is also ?anged at 98 to which a suitable supply conduit, 
such as the pressure line 58 as previously described in 
connection with FIG. 1, is secured for supplying a treat 
ing ?uid to the interior of the housing. The tubular 
sleeve 78 and pipe 96 are formed with conforming ta 
pered edges at their adjacent ends, de?ning therebe 
tween an annular tapered nozzle 100. In accordance 
with this arrangement, the treating ?uid from the reser 
voir 50, as schematically illustrated in FIG. 2, is trans 
ferred by the pump 54 via the supply line 58 to the inte 
rior of the housing 90, which de?nes a chamber dis 
posed in communication with the inlet of the annular 
nozzle 100. The ?uid is discharged through the annular 
nozzle in the form of a high pressure cone, effecting a 
filling of the pipe 96 therewith and creating a suction 
at the inlet of the tubular sleeve, which is operative to 
draw the workpiece 84 longitudinally inwardly of the 
inductor. The annular nozzle can also be provided with 
angular vanes to de?ect the ?uid discharged so as to 
impart a helical ?ow pattern to the ?uid which is pre» 
ferred in some instances depending on the particular 
workpieces and treating ?uids employed. a 

In order to facilitate the movement of a workpiece 
into the inductor, the manifold ring 86 is provided with‘ 
a circular angularly inclined nozzle 102 which serves to 
direct a jet of treating ?uid on the interior surface of 
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8 
the liner, forming a low friction ?uid ?lm on which the 
workpiece is movably supported. The treating ?uid is 
supplied to the manifold ring 86 by means of a supply 
line 104 which is connected to the pressure line 58 con 
nected to the output of the pump. 
An alternative satisfactory inductor 106 is illustrated 

in FIG. 3, which is operable for the same purposes as 
previously described in connection with the inductor 
76 illustrated in FIG. 2. The inductor 106 similarly in 
cludes a tubular sleeve 108 having a liner 110 on the 
inner surface thereof for guidably supporting and re 
ceiving workpieces 132 from a suitable supply chute. A 
manifold ring 112 is positioned adjacent to the inlet 
end of the tubular sleeve 108 to provide a ?uid ?lm on 
the surface of the liner, minimizing frictional resis 
tance. 
The inductor 106 includes a housing 114 which ter 

minates at its output or right-hand end, as viewed in 
FIG. 3, in a pipe 116 which corresponds to the process 
ing conduit to which the workpieces and treating ?uid 
are circulated. A series of stator blades 118 is af?xed 
to and project radially inwardly of the housing 114. A 
plurality of turbine blades 122 are affixed to and proj 
ect radially outwardly of a cylindrical hub 120 which is 
rotatably journaled around the tubular sleeve 108. The 
forward or right-hand end of the tubular sleeve 108 and 
liner 110 are formed with an angular chamfer which 
generally conforms with the tapered con?guration of 
the inner surface of the housing 114, de?ning therebe 
tween an annular nozzle 126,-through which the treat 
ing ?uid is discharged in the form of a cone. The hub 
120 and the turbine blades 122 thereon are rotatably 
driven by means of a pulley 128 af?xed to an outer ex 
tension of the hub, around which a V-belt 130 is 
trained and is suitably driven by a motor (not shown). 
The treating ?uid enters the inductor housing by means 
of a supply port 124 and in accordance with the ar 
rangement illustrated is pumped under high pressure by 
the turbine blades 122 out through the annular nozzle 
126. 

It will be appreciated that the inductor 76, illustrated 
in FIG. 2, and the inductor 106, shown in FIG. 3, can 
also be employed at one or more points along the 
length of the processing conduit to effect a boost in the 
pressure and/or velocity of the treating ?uid, as well as 
to impart a desired ?ow pattern or tubulence to the 
?uid passing therethrough. The inductors 76 and 106 
are also applicable for use in a manner as illustrated in 
FIG. 1 in which the inductors are disposed above the 
level of treating ?uid in the tanks 50, as well as in a 
manner as illustrated in FIG. 5, wherein an inductor 
134 is immersed in and submerged below the level of 
a treating ?uid 136 in a tank 138. In the arrangement 
as illustrated in FIG. 5, workpieces 140, shown in phan 
tom, are introduced to an inlet end 142 of the inductor 
by means of a supply chute 144, which passes down 
wardly and beneath the level of the treating ?uid. The 
workpieces are conveyed after induction through a 
suitable processing conduit 145 and are returned at a 
location above the tank 138 at which the workpieces 
are disengaged from the treating ?uid which is dis 
charged into the tank. 
A preferred arrangement of the transfer conduits as 

illustrated in FIG. 4 in which the transfer conduits 146, 
which are of a perforated construction to enable the es 
cape of the treating ?uid, are arranged in a generally 
U-shaped con?guration and curve upwardly from the 
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axis of a processing conduit 147 to facilitate a disen 
gagcment of the workpieces from the treating ?uid. In 
order to facilitate conveyance of the workpieces 
through the transfer conduits 146 and to also effect an 
acceleration thereof, facilitating disengagement of the 
treating ?uid, one or more nozzles 148 can be affixed 
to the conduit for discharging pressurized air against 
the workpieces to propel them through the transfer 
conduit. The nozzles 148 are connected to a suitable 
pressurized source of air, such as the compressor 1S0 
schematically shown in FIG. 4. 
FIG. 4 also illustrates control devices which can be 

conveniently incorporated in the apparatus for assuring 
a proper coordinated functioning of several sections of 
the apparatus, as well as maintaining the particular 
treating ?uids within a prescribed range of composition 
and temperature. One such control device is schemati 
cally indicated at 152 in FIG. 4, which comprises an 
electrode for measuring the electrical conductivity of 
the treating fluid which, in this instance, is a liquid solu 
tion containing dissolved substances which render ‘the 
solution electrically conductive in proportion to their 
concentration. The electrode 152 may be of any one of 
the various types known which may either intermit 
tently or continuously sense the conductivity of the so 
lution which in turn is a function of the concentration 
of the dissolved material in the treating ?uid. The elec 
trode or conductivity cell 152 is connected to a suitable 
control box 154, which contains suitable circuitry in 
cluding means for preselecting a desired concentration 
range ' expressed in terms of solution conductivity. 
When the conductivity cell reflects asolution conduc 
tivity below such a preset level, the control box 154 is 
operative to effect the energiz'ation of a suitable meter 
ing pump 156 which is mounted on a container 158 
containing a concentrated makeup solution which 
thereby is pumped from the container through a supply 
line 160 and is added to the treating solution. In accor 

' dance with this and equivalent arrangements, the con 
centration of the vtreating ?uid is maintained within a 
prescribed preselected range, assuring uniformity in 
the treatment to which the workpieces are subjected 
during their course of travel through the processing 
conduit 147. ' 

Similarly, the treating ?uid can be maintained at a 
preselected temperature by means of a suitable temper 
ature sensing device located at a convenient point in 
the processing conduit or supply conduits for sensing 
the temperature of the treating ?uid which in turn is 
communicated to a control box which regulates the 
amount of heating and/or cooling to which the treating 
?uid is subjected. An arrangement of this type is illus 
trated in FIG. 4 consisting of a suitable thermocouple 
schematically illustrated at 162, which is mounted in a 
suction line 164 leading to the inlet of the centrifugal 
pump 166. The thermocouple 162 is in turn connected 
to a control box 168, which includes presettable means 
therein of any of the types well known in the art and 
which means are operative to effect'an energization or 
de-energization of a suitable immersion-type heater 
170, which is mounted on a side wall of a tank 172 con 
taining the treating ?uid. Any one of the variety of 
heating and cooling devices of the types well known in 
the art can be employed in combination with the tem 
perature sensing and control device in order to main 
tain the solution at a preselected temperature in order 
to assure the maintenance of optimum processing con 
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ditions of the workpieces entrained in the treating ?uid. 
The unifonnity of the composition and temperature 

of the treating ?uid within the tank 172 can also be as 
sured by employing a suitable agitator such as the pro 
peller-type agitator 174 projecting inwardly through 
the tank wall and. driven by a motor 176. The type of 
agitator employed and the degree of agitation to which 
the treating ?uid is subjected will vary depending upon 
the particular temperature and composition character 
istics of the ?uid, as well as whether it is of a single or 
two-phase mixture, the latter requiring a higher degree 
of agitation. 
The ?ow rate or velocity of the treating fluid passing 

through the processing conduit 147 can also be conve 
niently maintained within preselected limits by means 
of a suitable ?ow measuring device, schematically indi 
cated at 178 in FIG. 4, such as a magnetic ?ow meter 
of the types well known in the art. The ?ow measuring 
device 178 can also be employed for counting or indi 
cating the rate of workpieces passing through the con 
duit which is useful in establishing and maintaining an 
appropriate spacing between successive workpieces 
being processed. The ?ow meter 178 can be suitably 
connected to a control box 180 which incorporates 
suitable presettable limit means therein of the type well 
known in the art which, in response to a ?ow velocity 
above or below the prescribed limits, is operative to en 
ergize a suitable motorized valve 182, effecting an ap 
propriate opening or closing movement thereof to cor 
respondingly increase or decrease the treating ?uid 
supplied from the pump 166 to maintain the ?ow rate 
within the prescribed limits. Alternatively, the control 
box 180 can be directly connected to a variable speed 
typevmotor 184 coupled to the pump 166 to effect a 
corresponding increase or decrease in the speed of ro 
tation of the pump and corresponding changes in the 
output thereof. , , , 

The provision of a ?ow control mechanism in. the 
processing apparatus is important in order'to assure 
that the workpieces will receive a uniform treatment in 
each processing conduit. The length of the conduit, the 
velocity of the treating ?uid and the specific composi 
tion thereof are correlated so as to'assure that each 
workpiece is subjected to a predetermined immersion 
time period while entrained in the treating ?uid in 
order to effect the proper degree of treatment thereof. 
In addition, the control of the treating ?uid ?ow is im 
portant in assuring the maintenance of the desired pro 
duction capacity of the apparatus and the sensing of the 
workpiece ?ow rate enables the maintenance of a sub 
stantially uniform and optimum spacing between adja 
cent workpieces. 

In apparatuses comprising a series of individual pro 
cessing sections, such as the sections A, B and C illus 
trated in FIG. 1, the rate of treating ?uid ?ow in each 
section is controlled so as to be at least equal to and 
preferably slightly greater than the ?ow rate in the pre 
ceding section to avoid any buildup or jamming of 
workpieces between successive treating sections. This 
is conveniently achieved, as shown in FIG". 4, by provid 
ing a similar ?ow measuring device indicated at 178’ in 
a processing conduit 147' of the next downstream pro 
cessing section which similarly is connected to a con 
trol box 180' that is‘preset to assure a ?uid ?ow and 
workpiece travel rate at least equal to the workpiece 
?ow rate in the processing conduit 147 of the preced 
ing processing section. ' 
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As previously mentioned, the avoidance of any 
buildup of workpieces in the transfer conduits 146 is 
achieved by the provision of the nozzles 148 which are 
also useful for effecting an acceleration of the velocity 
of the workpieces to correspond with the increased 
processing velocity in the next adjacent processing sec 
tion. 
The wide latitude afforded in the design and plant 

layout by the processing apparatus comprising the pres 
ent invention is typi?ed by the arrangements as sche 
matically illustrated in FIGS. 6-8. As shown in FIGS. 
6 and 7, one or more portions or sections of the pro 
cessing apparatus can be conveniently housed in an 
area or building encompassed by the dotted line indi 
cated at 186 and succeeding portions or sections of the 
apparatus can be incorporated in a second area or 
building encompassed by the dotted line indicated at 
188. As indicated in FIGS. 6 and 7, the area 186 ac 
commodates a processing section 190 which is of the 
return-type and includes a U-shaped process conduit 
192 having its inlet and outlet ends disposed adjacent 
or proximate to each other and above the treating ?uid 
reservoir 194. The second process section 196 has one 
portion thereof housed in the area 186 and another 
portion housed in the area 188 with the connecting 
processing conduit 198 and treating ?uid recirculation 
return line 200 interconnecting these two portions. As 
will be noted, the inlet of the conduit 198 adjacent to 
the inductor 202 is disposed remotely from its outlet 
positioned above a tank or reservoir 204 in the area 
188. In accordance with this arrangement, the process 
section 196 serves the dual function of effecting a 
transfer or conveyance of the workpieces from one 
plant site to a second plant site located remotely there 
from, while concurrently effecting a treatment of the 
workpieces during their conveyance. 
The latitude provided in selecting the particular loca 

tion and disposition of the process conduits and return 
lines is also illustrated in FIG. 7, wherein the process 
conduit 198 is schematically shown as being placed in 
an elevated position which may correspond, for exam 
ple, to a position between the rafters of an overhead 

1 roof structure, while at least a portion of the recircula 
tion return line 200 may be disposed under the ground, 
rendering the surface unobstructed for efficient utiliza 
tion by other equipment. In processing sections of a re 
turn-type similar to that illustrated in FIG. 1, each of 
the return-type process conduits may themselves be 
disposed beneath ground level such that only the inlet 
and outlet portions thereof adjacent to the treating 
?uid reservoirs are accessible, thereby substantially re 
ducing the required plant space. The balance of the 
processing conduits can, for example, extend out 
wardly of the building structure housing the treating 
?uid reservoirs and may extend underground under a 
parking lot or driveway surrounding such plant struc 
ture. 

It will also be appreciated that variations in the spe 
cific configuration and convolutions of the processing 
conduits can be made so as to enable their installation 
in con?ned existing plant facilities in which mechanical 
processing equipment of the types- heretofore known 
cannot be accommodated. Typical of one such varia 
tion providing for a more compact con?guration of the 
processing conduit is that as schematically illustrated in 
FIG. 8. In, the arrangement as illustrated,- a processing 
conduit 206 is formed in a spiral or helical pattern, cf 
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12 
fecting an upward conveyance of workpieces from an 
inlet end 208 thereof to an outlet end 210 disposed at’ 
a desired vertically-spaced position from the inlet. The 
treating ?uid discharged from the outlet end 210 is re 
ceived in a reservoir tank 212-and is recirculated back 
to a pump 214 through a return line 216 for recircula 
tion through the processing conduit. In a similar man‘ 
ner, concurrent conveyance and treatment of work 
pieces can be achieved in a downward direction in 
which event the transfer of the workpieces is assisted 
by gravity. 
The foregoing description regarding the process ap 

paratus as illustrated in FIGS. 1 through 8 has been pri 
marily applicable to apparatuses employing a liquid as 
a treating ?uid. FIG. 9 illustrates an apparatus in which 
gas, and in particular, air, is employed as the treating 
?uid such as for effecting a drying of the workpieces at 
the completion of or preliminarily to the next process 
operation. As shown in FIG. 9, an axial ?ow compres 
sor 218 is provided having a blower section 220 con 
taining a plurality of turbines for drawing air inwardly 
through an inlet 222. A heating section 224 is provided 
at the discharge end of the blower section for effecting 
a heating of the air to an elevated temperature to en 
hance its drying capcity. Thereafter, the compressed 
and heated air is discharged into an inductor 226, cf 
fecting an entrainment and conveyance of workpieces 
through a processing conduit 228. The process conduit 
228 is of an L-shaped con?guration in which gravita 
tional assistance is provided to effect a conveyance of 
the workpieces during a portion of their travel through 
the conduit. The heated air containing any evaporated 
material from the workpieces is discharged at the outlet 
end 230 of the process conduit and the dried work 
pieces are thereafter transferred such as by means of a 
perforated transfer duct 232 to a second process sec 
tion indicated at 234. All or a portion of the discharged 
air can be recirculated to the compressor as may be de 
sired. 

In the processing of certain workpieces, it may be de-' 
sirable to effect a heating thereof during at least a por 
tion of their travel through a processing conduit or dur~ 
ing their transfer from the outlet end of one conduit to 
the inlet end of the next succeeding process conduit. 
Ordinarily such heating can be conveniently achieved 
by controlling the temperature ofa particular treating 
?uid employed in a manner as previously described. In 
dependent or supplemental heating of such workpieces 
can also be achieved as schematically illustrated in 
FIG. 1 by a heating device indicated at 236 in process 
section C which is disposed along a portion of the 
length of the process conduit 62. The heating device 
236 may be, for example, of a dielectric or induction 
type in accordance with known prior art constructions 
and may suitably be controlled by means of a control 
panel 238 to attain the appropriate degree of heating 
of the workpieces passing therealong. 
The process conduits themselves may be of any one 

of a variety of different cross sectional con?gurations 
which may remain constant throughout the length of 
the process conduit or may vary in shape along differ 
ent sections thereof and/or may be provided with an 
axial twist so as to attain a desired fluid flow velocity 
and/or ?ow pattern. Typical of various conduit cross 
sectional con?gurations suitable for the apparatus of 
the present invention are those as illustrated in FIGS. 
10-15, 18 and 19. As shown in FIG. 10,,a process con~ 
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duit 240 is shown having a circular cross sectional con 
figuration through which a rectangular-shaped work~ 
piece, illustrated in phantom at 242, is adapted to be 
transferred. A substantially square cross sectional con 
figuration of a ocnduit 244 is illustrated in FIG. 11 in 
which a square workpiece 246 is shown in phantom. A 
conduit 248 also of a substantially square cross sec 
tional con?guration is illustrated in FIG. 12, which is 
provided with rectangular rail 250 in each of the cor 
ners thereof, providing a cross sectional opening of a 
cross-shaped con?guration in which a circular work‘ 
piece 252, indicated in phantom, is adapted to be con 
veyed. 

Still another satisfactory alternative con?guration of 
a conduit is illlustrated in FIG. 13, wherein a conduit 
254 is of an elliptical cross sectional con?guration 
through which a workpiece 256, as shown in phantom, 
is adapted to be transported. The conduit 254 is shown 
as having an axial twist therein to provide a desired 
variation in ?uid ?ow pattern. A triangular-shaped con 
duit 258 is shown in FIG. 14 for processing workpieces 
260, shown in phantom. A conduit con?guration simi 

20 

lar to that illustrated in FIG. 12 is shown in FIG. 15 in ‘ 
which a conduit 262, ‘having a square-shaped cross sec 
tion, is provided with a plurality of corner rails 264 hav 
ing inner surfaces which are of a substantially circular 
convex configuration. The rails 264 facilitate the guid 
ance of a workpiece 266, as shown in phantom, as well 
as providing directional guidance of the treating ?uid 
passing therethrough. 
A conduit 268 of a substantially circular cross section 

is illustrated in FIG. 18 which is provided ‘with V 
shaped grooves or slots 270 at substantially equal 
circumferentially-spaced intervals therearound.,A con 
duit 272 is illustrated in FIG. 19 having a cross ‘sec 
tional con?guration as de?ned by four arcuate side 
walls defining a generally square-shaped cross section 
in which a workpiece indicated in phantom at 274 is 
adapted to be conveyed and treated. 
Each of the conduit cross sectional con?gurations as 

illustrated in FIGS. 10-15, 18 and 19 are characterized 
as providing a desired treating ?uid ?ow pattern and 
cross sectional area for accommodating workpieces of 
a desired size and con?guration to achieve optimum 
?uid entrainment and treatment characteristics. Fur 
ther directional guidance or controlled ?uid ?ow pat 
terns can be achieved by providing means along at least 
a portion of the inner surface of the processing con 
duits which are adapted to impart turbulence or se 
lected localized ?ow patterns in the treating ?uid dur‘ 
ing its travel through the conduit. Typical of one such 
arrangement is that as illustrated in FIGS. 16 and 17 in 
which a process conduit 276 which is of a generally cir 
cular con?guration is provided with a plurality of in 
wardly directed vanes or ribs 278 which are oriented in 
the form of a helix, thereby imparting a spiral ?ow pat 
tern to a treating fluid passing therethrough. A desired 
variation in the ?ow pattern characteristics is also 
achieved by the arrangement illustrated in FIG. 22 in 
which a processing conduit 280 is provided with a se 
ries of rectangular-shaped grooves 282 which extend in 
the form of a helix along at least a portion of the inner 
surface of the conduit. ‘ 
Selected variations in the ?ow pattern of the treating 

?uid can also be achieved by introducing supplemental 
portions of the treating ?uid or other ?uids at selected 
locations along the length of the conduit which also can 
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be employed for effecting a boost in the velocity and/or 
pressure of the treating ?uid at desired intervals along 
the longitudinal length of the conduit. Typical of such 
arrangements are those illustrated in FIGS. 20, 21 and 
23. In the speci?c embodiment as illustrated in FIG. 20, 
a conduit 284 of a generally square-shaped cross sec 
tional con?guration is provided with tubular rails 286 
‘of a circular cross section‘, each formed with a plurality 
of jets or apertures 288 disposed at spaced intervals 
therealong which are oriented so as to discharge a sup 
plemental treating ?uid in the directions indicated by 
the arrows. The supplemental treating ?uid is supplied 
to the tubular rails 286‘ by means of a suitable supply 
header 290, which is disposed in communication with 
the outlet of the main or auxiliary pump supply. The in 
troduction of such supplemental treating ?uid to the 
interior of the conduit by means of the jets 288 imparts 
a circular clockwise movement to the treating ?uid 
passing downwardly through the conduit. 
A similar conduit arrangement is illustrated in FIG. 

21 in which a conduit 29-2 of a generally} triangular 
cross sectional con?guration is provided with longitudi 
nally extending partitions 294 disposed in each of the 
corners thereof formed with jets‘ 296 for directing a 
supplemental treating ?uid radially inwardly of the cen 
ter of the conduit. The chambers defined by the parti 
tions 294 and the adjacent side walls of the comers of 
the conduit 292 are disposed in communication with-a 
suitable supply header 298 through which the pressur 
ized supplemental treating ?uid is supplied. 

Still another arrangement is shown in FIG. 23 in 
which a conduit 300 of a generally circular con?gura 
tion is provided with a nozzle 302 at one or a plurality 
of locations along the length thereof and which nozzle 
is formed with a tangentially-oriented jet 304, through 
which a supplemental treating ?uid is introduced‘im 
parting a clockwise ?ow component as indicated by the 
arrows to the treating ?uid passing through the conduit. 
The nozzle 302 is adapted to be connected to a suitable 
pressurized supply source of the supplemental treating 
?uid. » ‘ 

In some instances, particularly when conduits of con 
siderable length are employed to achieve the appropri 
ate treatment of the workpieces, a boost in the ?uid ve 
locity and/or pressure is required in order to maintain 
the appropriate correlation between ?uid ?ow and 
treatment time. One such arrangement is illustrated in 
FIG. 24 in which a nozzle 306 is disposed with its outlet 
end in communication with the interior, of a processing 
conduit 308 for introducing a supplemental treating 
?uid to the interior of the processing conduit, effecting 
a boost in its pressure and velocity. An alternative satis 
factory manner for introducing substantial quantities of 
supplemental treating fluid is illustrated in FIGS. 25 
and 26 in which a concentric manifold 310 is disposed 
around the periphery of a processing conduit 312 and 
wherein the processing conduit is provided with a plu 
rality of angularly-oriented apertures or nozzles‘ 314 
through which the supplemental treating ?uid is dis 
charged. The interior of the manifold 310 is disposed 
in communication with a supply line 316, through 
which a pressurized supply of the supplemental treating 
?uid is conveyed for discharge through the nozzles 314. 
It will be appreciated that the particular orientation of 
the axes of the nozzles 314 can be varied so as to pro 
vide the requisite or desired flow pattern, e.g., a helical 
pattern, in the treating ?uid passing through the pro 
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cessing conduit, as well as to achieve the desired veloc 
ity and/or pressure boost. 
As previously mentioned, in such process treatments 

in which an electri?cation of the ' workpieces is re 
quired, a conduit arrangement such as illustrated in 
FIG. 27 can be provided. As shown in FIG. 27, a work 
piece, indicated at 318 and shown in phantom, is 
adapted to_be electri?ed by a series of inwardly extend 
ing electrodes or contacts 320 for rendering the work 
piece anodic or cathodic, as may be desired. The work 
piece itself is con?ned within a perforated sleeve 322 
of an insulating material which in turn is centrally posi 
tioned within the interior of the conduit 324 by means 
of radially extending vanes 326. The conduit 324 which 
may be of a metallic composition or which may be pro 
vided with an eectrically conductive inner surface is 
similarly electri?ed, effecting a migration of ions and a 
conducting of electrical current through the conduc 
tive treating ?uid in order to achieve the desired work 
piece treatment. 

It is desirable in some processing systems to remove 
all or a portion of the treating ?uid at a point intermedi 
ate of the length of the processing conduit and effect 
a replacement or replenishment thereof with the same 
or different treating ?uid. A construction which ena 
bles such a partial substitution of treating ?uids is illus 
trated in FIG. 28. As shown, a processing conduit 328 
is enclosed within a manifold 330 which is divided into 
two pairs of ?uid-tight compartments 332, 334 by 
means of partitions 336. A series of apertures 338 are 
formed in the conduit 328 which are disposed in com 
munication with the interior of the compartments 332. 
Suction lines 340 are connected to the compartments 
332 for the purpose of withdrawing treating ?uid from 
the interior of the conduit through the apertures 338 
and the compartments 332. 
A replenishment of the treating ?uid withdrawn from 

the conduit 328 is achieved by supply lines 342 con 
nected in communication with the compartments 334 
for supplying a pressurized treating ?uid thereto. A plu 
rality of apertures 344 are provided in the conduit 
which are disposed in communication with the interior 
of the compartments 334 through which the pressur 
ized replenishing ?uid enters the interior of the conduit 
328. 
An alternative construction of the transfer and dis 

charge chutes 72, 74, as illustrated in FIG. 1, for trans 
ferring workpieces from the outlet to the inlet of adja 
cent processing sections is illustrated in FIGS. 29-31. 
As shown, the transfer chute is positioned in alignment 
with the outlet end of a conduit 346 for receiving a 
workpiece indicated at 348 in phantom. The transfer 
chute is comprised of a plurality of circumferentially 
spaced tubular rails 350 which are maintained in ap 
propriate position by means of a strap 352 rigidly af 
fixed to the rails at longitudinally-spaced intervals. The 
number and particular spacing of the tubular rails is 
dictated by the size and con?guration of the work 
pieces to be processed in order to assure appropriate 
guidance of the workpieces therealong. 
At least some of the tubular rails 350 are connected 

to a supply header 354 for supplying pressurized air 
thereto which in turn is discharged through a plurality 
of angularly-oriented nozzles 356 formed at spaced in 
tervals along the length of the tubular rails. The nozzles 
356 can be arranged so as to provide for an accelera 
tion of the workpieces as they are discharged from the 
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outlet end of the conduit 346 facilitating a disengage 
ment of the treating ?uid therefrom, which returns to 
the storage reservoir 358 as fragmentarily shown in 
FIG. 29. The pressurized jets of air discharged from the 
angular nozzles 356 also serve to maintain the work 
piece in at least partially spaced relationship from the 
surfaces of the tubular rails, thereby minimizing fric 
tional contact therebetween and facilitating workpiece 
transfer. 
An alternative arrangement from that shown in FIGS. 

29-31 is illustrated in FIG. 32 in which a transfer chute 
360 is illustrated which is formed with a semi-circular 
trough 362 in one side face thereof, within which work 
pieces 364 are guided during their arcuate travel be 
tween the outlet of one processing conduit to the inlet 
of the next adjacent processing conduit. The work 
pieces are maintained in guided realtionship within the 
trough 362 by means of the centrifugal force of the 
workpieces during their arcuate travel. In order to min 
imize sliding friction between the periphery of the 
workpiece and the adjacent surface of the trough 362, 
a series of angularly-oriented nozzles 366 are formed in 
the trough which are disposed in communication with 
a pressurized compartment 368 of the transfer chute. 
Pressurized air is supplied to the compartment 368 by 
means of a supply conduit 370 which in turn is dis 
charged through the nozzle 366, forming a ?oating ?lm 
of air on which the workpieces ride, as well as prevent 
ing a reduction in velocity of the workpieces or an ac 
celeration thereof as may be desired. 
As previously stated, any one of a variety of work 

pieces can be processed in accordance with the present 
invention including workpieces which are of a size ap 
proaching the cross-sectional size of the processing 
conduit, as well as small workpieces which are en~ 
trained in the treating ?uid in the form of a slurry. In 
some instances, depending on the particular process 
treatment and the con?guration and/or size of the 
workpieces, it is desirable to mount the workpieces in 
a suitable capsule or carrier, indicated at 372 in FIG. 
33, which is transferred through one or a plurality of 
processing sections. The capsule 372, as shown in FIG. 
33, is of a perforate structure to facilitate unrestricted 
?ow of the treating ?uid through the cylindrical center 
section 374, as well as hemispherical end walls 376 
thereof. The capsule is provided with a removable sec 
tion, such as one of the end walls 376, to provide access 
to the interior thereof during a loading and unloading 
of the workpiece or workpieces therefrom. 
A typical use of the capsule 372 for transporting 

small workpieces is illustrated in the embodiment 
shown in FIG. 34. As shown, the capsule comprises a 
tubular central section 378 which is provided with a 
plurality of perforations 380 therethrough, to one of 
the ends of which a hemispherical end wall 382 is se 
curely fastened. A removable hemispherical cap 384 is 
frictionally engaged to the opposite end of the central 
section, which can readily be removed for inserting and 
removing workpieces, such as the fasteners 386, from 
the interior of the capsule. As will be further noted, one 
or a plurality of tumbling ribs 388 can be affixed to the 
interior surface of the central section at circumferen 
tialIy-spaced intervals therealong to facilitate agitation 
of the workpieces by imparting a tumbling action 
thereto in response to the rotation of the capsule during 
its travel through a processing conduit. The end walls 
of the capsule are similarly provided with perforations 
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380 to provide substantially unrestricted ?ow of treat 
ing ?uid into and out of the capsule, assuring uniform 
treatment of the workpieces contained therein. 
The capsule itself may be composed of any suitable 

material which is resistant to and compatible with the 
treating ?uids coming in contact therewith. Any one of 
a variety of synthetic plastics can be satisfactorily em 
ployed for this purpose, such as those used in fabricat 
ing the processing conduits. 

In addition to the capsules illustrated in FIGS. 33 and 
34, a suitable carrier or sled 390 can also be employed 
for removably supporting a workpiece, such as the 
workpiece 392 shown in FIG. 35. In the arrangement 
as shown, the carrier consists of a substantially cylindri 
cal tubular perforated side wall having an integrally 
formed rim or .?ange 394 projecting radially inwardly 
of one end thereof. A pair of mounting posts 396 are 
affixed to the inner surface of the carrier for removably 
engaging depending sections of the workpiece 392, 
maintaining it in appropriate centralized disposition 
within the interior of the carrier. Alternative carrier 
con?gurations can be employed on which one or a plu 
rality of workpieces can be mounted to facilitate their 
transport and treatment through one or more process 
ing sections. 1 

It will be apparent from the ‘foregoing description 
that the processing apparatus or individual processing 
sections of a multiple-section apparatus can be varied 
to achieve the desired ?ow characteristics and treat 
ment of workpieces transferred therethrough. The con 
duits through which the workpieces and treating ?uid 
are circulated may be of metal extruded plastic materi 
als, such as polyvinyl polymers and copolymers, en 
abling the formation of relatively intricate cross sec 
tional con?gurations which may further include vanes 
or grooves on the inner surfaces thereof to impart a de 
gree of ?uid ?ow control as may be desired. The ?exi 
bility and versatility inherent in the apparatus and 
method as herein described enables the use of any one 
or combinations of a variety of treating ?uids, the ve 
locities of which can be adjusted so as toprovide a 
streamlined or turbulent ?ow pattern through the pro 
cessing conduits which can be modi?ed as desired by 
suitable devices for imparting a desired variation in 
?ow pattern and turbulence. Further variations of the 
apparatus and method as hereinbefore described can 
be made without departing from the spirit of the inven 
tion. 
What is claimed is: 
l. The method of treating workpieces which com 

prises the steps of forming a plurality of separate con 
fined streams of treating ?uid, each stream composed 
of a separate treating ?uid, successively introducing a 
workpiece into each stream in a preselected sequence 
and maintaining the workpiece in said stream for a pe 
riod of time suf?cient to perform a desired treatment 
thereof, and thereafter extracting the workpiece from 
said stream, thereby effecting a simultaneous plural 
treatment and conveyance of the workpiece during its 
travel while entrained in said streams. 

2. The method as defined in claim, 1, including the 
further step of recirculating at least a portion of at least 
one said separate treating ?uid to one said stream. 
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3. The method as defined in claim 1, including the 

further step of guiding the path of travel of at least one 
said stream in order that the point at which a workpiece 
is introduced into said stream is located remotely from 
the point at which a workpiece is extracted from said 
stream . 

4. The method as de?ned in claim 1, including the 
further step of guiding the path of travel of at least one 
said stream in order that the point at which a workpiece 
is introduced into said stream is located adjacent to the 
point at which a workpiece is extracted from said 
stream. ' 

5. The method as de?ned in claim 1, including the 
further step of introducing at least a portion of said sep 
arate treating ?uid into one said stream at a point 
downstream from the point at which a workpiece is in 
troduced into the one said stream. 

6. The method as de?ned in claim 1, including the 
further step of imparting a controlled flow pattern to 
said separate treating ?uid within at least one said 
stream along at least a portion of the distance of travel 
thereof. ' . 

7. The method as de?ned in claim 1, including the 
further step of replenishing at least one said separate 
treating ?uid’ to maintain the composition thereof 
within a preselected range. 

8. The method as de?ned in claim 1, including the 
further step of controlling the temperature of at least 
one said separate treating ?uid within a preselected 
range. . - 

9. The method as de?ned in claim 1, including the 
further step of heating a workpiece during at least a 
portion of its travel in at least one said stream. 

10. The method as de?ned in claim 1 in which at least 
one said separate treating fluid is a liquid. 

11. The method as de?ned in claim 1, in which at 
least one said separate treating ?uid is an aqueous solu-. 
tion. . 

12. The method as defined in claim 1, in which at 
least one said separate treating ?uid is an organic solu 
tion. ‘ i 

13. The method as defined in claim 1, in which at 
least one said separate treating ?uid is a two-phase mix 
ture of liquid and gas. » 

14. The method as de?ned in claim 1, in which at 
least one said separate treating ?uid comprises a clean 
ing ?uid for performing a cleaning treatment of the sur 
faces of a workpiece. > 

15. The method as de?ned in claim 1, in which at 
least one said separate treating ?uid comprises an 
aqueous rinse solution for performing a rinse treatment 
of the surfaces of a workpiece. 

16. The method as de?ned in claim 1, in which at 
least one said separate treating ?uid comprises an or 
ganic solvent vapor for performing a degreasing treat 
ment of the surfaces of a workpiece. 

17. The method as de?ned in claim 1 including the 
further step of controlling the velocity of said streams 
whereby the velocity of any one said separate stream is 
equal to or greater than the velocity of a preceding 
stream. 
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