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3,687,369 
1. 

CLEANINGAPPARATUS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to improvements in a fluid 

cleaning system. More particularly, the invention re 
lates to improvements in a fluid cleaning system, which 
system imparts pulses to a cleaning fluid directed, 
under high pressure, against a surface or object to be 
cleaned. 

2. Description of the Prior Art 
Cleaning systems of the type imparting pulses to the 

flow of cleaning liquid are known, as shown in U.S. Pat. 
No. 2,947,312, issued Aug. 2, 1960, K. J. Heinicke, in 
ventor, for example. These systems employ a reed 
mounted centrally within a conduit which conducts the 
cleaning fluid. The reed is constructed in such a 
manner as to vibrate within the conduit and thus set up 
pulses in the cleaning fluid as it passes through the con 
duit. The pulsed fluid is then directed, through a nozzle 
located at the end of the conduit, against the surface or 
object to be cleaned. 
The known systems, however, do not operate 

satisfactorily when dirt is exceedingly difficult to 
remove from the surface or object to be cleaned. The 
known systems operate at relatively low pressures, 
usually no higher than 300 psi. This pressure, however, 
is not sufficient to effectively and efficiently remove a 
heavy accumulation of dirt and grime from railway cars 
or buses, for example. In order to improve the cleaning 
efficiency, higher pressures are necessary. However, at 
higher pressures, the reed used in the known systems 
no longer vibrates to provide a pulsing action to the 
washing fluid. 

SUMMARY OF THE INVENTION 

It is the purpose of the present invention to provide 
an improved cleaning method and an improved clean 
ing system for carrying out the method which can, 
under pressures of 750 psi or higher, generate a pulsed 
action to the washing liquid in order to provide more 
efficient cleaning action. The improved system mar 
kedly reduces the amount of washing fluid required and 
the time required to clean a surface as compared to the 
known washing systems. 
The invention is more particularly directed toward a 

cleaning system which includes a fluid conduit having 
an outlet, means supplying fluid to the conduit, and 
means in the conduit upstream of the outlet for impart 
ing pulses to the fluid flowing through the conduit. The 
pulse imparting means includes a thin, elongated plate 
member with mounting means on the member inter 
mediate its ends for loosely mounting the member in 
the conduit to extend longitudinally and substantially 
axially therein. The member includes means upstream 
of the mounting means to cause vibration of the 
member as fluid flows past the member. Means are 
positioned adjacent to and upstream from the upstream 
end of the member for restricting the flow of fluid 
through the conduit and for directing the fluid in the 
form of a jet toward the upstream end of the member. 
The plate or reed member includes a main section 

lying in a plane containing the longitudinal central axis 
of the conduit. The vibration causing means upstream 
of the mounting means of the member include a first 
section extending from the main section of the reed at a 
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2 
first angle to the plane of the main section. A second 
section extends in an opposite direction from the first 
section at a second angle to the plane of the main sec 
tion. A third section extends in an opposite direction 
from the second section at a third angle to the plane of 
the main section. The leading upstream edge of the 
third section lies in the plane of the main section. 
The combination of the flow restricting and directing 

means and the specific shaped reed have been found to 
set up high frequency pulses in the fluid being directed 
through the conduit at high pressure. The reed member 
is loosely mounted in the conduit so as to have a very 
slight pivoting or wobble action about its point of 
mounting in order to improve the pulsing action im 
parted to the fluid. If the reed is fixedly mounted, it has 
been found that no pulses are provided, even at high 
pressure. 
While the improved means for providing pulses is 

found to operate satisfactorily under a high pressure, 
there is an occasional tendency for the pulses to be pro 
vided intermittently or in bursts. This intermittent 
pulsing action has been found to be due to the variation 
in pressure of the fluid supplied by the supply means. 

In order to maintain substantially continuous vibra 
tion of the reed and thus apply a continuous pulsing ac 
tion to the washing fluid, means are provided to supply 
the fluid at a more uniform pressure. One manner of 
doing this is to provide a double acting piston pump. 
Another solution is to provide a quick acting accumula 
tor located in the conduit between the fluid supply 
means and the improved pulsing means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in detail having 
reference to the accompanying drawings, wherein: 

FIG. 1 discloses one embodiment of the improved 
washing system; 

FIG. 2 is a cross-sectional view taken along line 2-2 
of FIG. 1 showing a detail of the improved means for 
imparting pulses to the washing fluid; 

FIG. 3 is a cross-sectional view taken along line 3-3 
of FIG. 2 showing the improved pulsing means in 
further detail; and 

FIG. 4 is a cross-sectional view taken along line 4-4 
of FIG. 3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The improved washing system 1 comprises a supply 
source 3, such as a tank, of washing fluid. The washing 
fluid is usually water. A conduit 5 connects the supply 
source to a pump 7. The pump is selected to deliver the 
washing fluid under a pressure of at least 750 psi, and 
preferably 1,200 psi, to a conduit 9 having an outlet 
nozzle 11 at its other end for directing the fluid against 
the surface or object to be cleaned. The pump 7 
preferably is a piston pump. Located in the conduit 9 
between the nozzle and the pump are means 13 for im 
parting pulses to the fluid. While the pulse imparting 
means 13 may be located anywhere in the conduit 9 
between the outlet nozzle 11 and the pump 7, it is 
preferred that it is located adjacent to the outlet nozzle 
11 so as to reduce any damping of the pulses imparted 
to the fluid as it travels from the pulse imparting means 
through the conduit to the outlet nozzle 11. 



3,687,369 
3 

The pulse imparting means 13 includes a thin, elon 
gated plate member or reed 15 mounted within the 
conduit. Means 19 are provided for mounting the reed 
15 within the conduit 9 so that it extends in a longitu 
dinal plane containing the longitudinal axis of the con 
duit 9. 
The reed 15 must be loosely mounted within the con 

duit 9 to ensure effective operation. By the term 
“loosely', as used in this present application, it is 
meant that the reed 15 is not rigidly connected at any 
point to its mounting within the conduit but rather is 
free to move slightly relative to its mounting. To mount 
the reed 15 in this manner in the conduit, the reed is 
provided with mounting means 19 in the form of 
laterally extending wings 21, 23. The wings 21, 23 ex 
tend a short lateral distance from the side edges 25, 27 
of the reed and are located intermediate its end edges 
29, 31. A tubular sleeve member 33 is mounted within 
the conduit 9. The sleeve member 33 has slots 35, 37 in 
its side wall 39 extending from the upstream end 41 of 
the sleeve member. The reed 15 is mounted within the 
sleeve member 33 by sliding the wings 21, 23 down the 
slots 35, 37 to the end of the slots. Preferably, the slots 
35, 37 have a width no more than a few thousandths of 
an inch greater than the thickness of the wings so that 
the reed is, therefore, loosely mounted. The sleeve 
member 33, with the reed 15 in position, is then 
mounted in a conduit section 43, which section can be 
coupled, by suitable coupling means (not shown) at 
either end thereof, into the conduit 9. Preferably, the 
sleeve 33 is fixed within the conduit section 43, The 
conduit section 43 can be readily removed to replace 
the reed 15, if necessary. 
The reed 15 includes means 45 upstream of its 

mounting means 19 for causing vibration of the reed as 
the fluid flows past it. The vibration causing means 45 
preferably includes first, second and third sections 47, 
49, 51 angularly joined together and extending, in 
sequence, in a direction upstream from a main section 
17. The sections 47, 49 and 51 are preferably formed 
by bending or crimping a portion of the reed, upstream 
from the mounting means 45, along bend lines 53, 55 
and 57 respectively. The first section 47 extends from 
the main section 17 at a first angle A to the plane of the 
main section 17. The second section 49 extends from 
the first section 47 in an opposite direction to the 
direction of the first section 47 at a second angle B to 
the plane of the main section 17. The third section 51 
extends from the second section 49 in an opposite 
direction to the direction of the second section 49 at a 
third angle C to the plane of the main section 17. The 
free leading upstream edge 31 of the third section 51, 
and thus of the reed, lies in the plane of the main sec 
tion 7. 
To further ensure the pulsing action imparted to the 

fluid by the reed, one or more apertures may be pro 
vided in the reed, particularly in the location of the 
vibration causing means 45. It has been found that the 
use of one or more apertures in the reed at varying lo 
cations provides effective means of controlling the 
compression and rarefaction of the fluid and thus the 
vibrations. The size of the apertures and their locations 
will be governed by the deflection loadings necessary to 
allow for free vibration of the reed. In the embodiment 
shown, an opening 83, having a diameter of approxi 
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4. 
mately one-fourth inch, when using a reed having a 
one-tenth inch thickness and located in the third sec 
tion 51 of the reed, has been found acceptable. 
The reed No. 15 preferably is made of pretempered 

carbon spring material SAE 1,095 and tempered to a 
Brinell hardness of 52-50. The strip has a thickness of 
approximately one-tenth inch. The angles at which the 
first, second and third sections 47, 49 and 51 extend 
relative to the plane of main section 17 are relatively 
shallow. However, the crimp or bend lines 53, 55, 57 
separating the sections, are sharply defined. Joining the 
sections by rounded crimps to produce a wavy profile 
was not found to be as effective as using sharply 
defined corners to provide a very shallow 'M' shaped 
profile. Preferably, the sections 47, 49 and 51 each 
decrease in length compared to the preceding section 
in the upstream direction. In one embodiment, using a 
sleeve with an inner diameter of 0.824 and mounted in 
a conduit having an inner diameter of 1.049, section 47 
is one inch long, and section 49, three-fourths inch 
long, and section 51, five-sixteenths inch long. The 
overall length of the reed is 4-5/16 inches and its width, 
excluding the wings, is twenty-three thirty-seconds 
inch. Preferably, the second angle B is equal but op 
posite to the third angle C. In the one embodiment, the 
first angle A is approximately 7 and the second and 
third angles B and Care approximately 25°. 

It is also necessary, in order to obtain an effective 
pulsing action of the reed at high pressure, to provide 
means 61 adjacent to but upstream of the end edge 59 
of the reed which restricts the flow through the conduit 
and also directs the fluid in the form of a jet toward the 
upstream edge 59 of the reed. These means comprise a 
plug member 63 located within the conduit 9 adjacent 
the upstream edge 59 of the third section 51 of the 
reed. The plug member 63 can be mounted in the con 
duit section 43 by suitable means (not shown) and has 
an axial orifice 65 for directing the fluid supplied by the 
pump axially toward the reed. The plug member 63 
should have an orifice 65 to provide a jet of fluid which 
does not diverge to any great extent. An orifice 65 
which provides a jet diverging no more than 40 (20° to 
either side of the longitudinal axis of the conduit) is ac 
ceptable. In the preferred embodiment, the jet diverges 
15. When using a sleeve member 33 which has an in 
side diameter of 0.824 inches, for example, the orifice 
65 in the plug should be approximately 0.125 inches 
upstream from the upstream edge 59 of the reed and 
approximately one-sixteenth inch in diameter. 

In operation, fluid under a high pressure of at least 
750 psi, and preferably 1,200 psi, is provided by the 
pump 7 at one end of the conduit 9. The washing fluid 
passes through the orifice 65 in the plug 63 to be 
directed against the upstream end of the reed 15. The 
fluid, being supplied by the piston pump, has a pulsing 
action already imparted thereto because of the pump 
ing action. This pulsing action, together with the angu 
lar configuration of the reed, is believed to set up vibra 
tions in the loosely mounted reed. Once the reed has 
commenced vibrating, it is then believed that the reed 
imparts additional pulses to the fluid and resonantly in 
creases the frequency of pulses in the fluid as it flows 
from the orifice and past the vibrating reed. Why the 
vibrating reed, having the configuration described, im 
parts additional pulses to the fluid and thus increases 
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means upstream of the mounting means to cause vibra 
tion of the member as fluid flows past the member, and 
means adjacent to and upstream from the upstream end 
of the member for restricting the flow of fluid through 
the conduit and for directing the fluid in jet form 
toward the upstream end of the member. 

10. A system as claimed in claim 9, wherein the pull 
sating delivery means comprises a double acting piston 
pump. 

11. A cleaning system including a fluid conduit hav 
ing an outlet, means supplying fluid to the conduit, 
means in the conduit upstream of the outlet for impart 
ing pulses to the fluid flowing through the conduit, said 
pulse imparting means including a thin, elongated plate 
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8 
member, mounting means on the member intermediate 
its ends for loosely mounting the member in the con 
duit to extend longitudinally and substantially axially 
therein, the member including means upstream of the 
mounting means to cause vibration of the member as 
fluid flows past the member, and means adjacent to and 
upstream from the upstream end of the member for 
restricting the flow of fluid through the conduit and for 
directing the fluid in jet form toward the upstream end 
of the member, including an accumulator located in the 
conduit between the fluid supply means and the pulse 
imparting means, 
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