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(587) Claim

1. An apparatus for flushing hydraulic small-
diameter pipe systems or the like, or a part of such a
pipe system, comprising a hydraulic pump means for
flushing 1liquid through the pipe system, and filter
means, c haracterized in that

means for feeding a pressurized gas into the
flushing 1liguid are arranged in connection with the
hydraulic pump means, and

that the flushing circuit includes valve means
arranged Eﬁ)\ec‘g: first be closed when the pipe system has
been i&a‘:&-eé)\with flushing liquid and said. pressurized
gas, in order to compress the gas entrained in the pipe
system, and thereafter to be opened for expanding the
gas, in order to create a forceful flushing pulse

through the pipe system.
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{34) Title: AN APPARATUS FOR FLUSHING SMALL-DIAMETER HYDRAULIC PIPE SYSTEMS AND THE

LIKE

(57) Abstract

Apparatus for flushing a hydraulic small-diame-
ter pipe system or the like. Two pressure accumulators
(33a and 33b) are arranged at one end of the pipe sys-
tem (20), connectable alternately to the pipe system
and to a tank (39), for receiving a volume of liquid
corresponding to volumes of gas and liquid, respec-
tively, which are alternately introduced into the oppo-
site end of the pipe systems for filling the pipe system
with alternating columns (42, 43) of flushing liquid and
compressed gas, and on achieving a predetermined
pressure in the pipe system, the pipe system is opened
into a receiving tank, whereby the compressed gas is
suddenly expanded and drives a forceful flushing
pulse through the pipe system.
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An apparatus for flushing small-diameter hydraulic pipe
systems and the like

The present invention relates to an apparatus
for flushing hydraulic small-diameter pipe systems and
the like or a part of such a pipe system, comprising a
hydraulic pump means for flushing liquid through the
pipe system, and filter means.

Hydraulic and other similar pipe systems ought
to be cleaned internally, before the system is taken
into use, to remove contaminating particles remaining
after the manufacture and mounting, since these other-
wise will later on cause serious disturbances during
operation.

It is a generally accepted opinion among those
skilled in the art that for achieving~sufficientiy good
results the flushing has to be carried out with a flow
volume sufficiently large to create a turbulent flow,
i.e. it is necessary to obtain a value of about 4,000
on the Reynolds's scale.

With long small-diameter pipe systems, it has
not previously been possible to achieve a sufficiently
efficient flushing. Pipe systems for valve control hyd-
raulics in a ship may be mentioned as an example. The
length of the pipe system may well amount to about 200
m, the pipe diameter is about 10 mm, and oil with a
viscosity of e.g. 37 cSt is used as a flushing liquid.
In order to achieve a turbulent flow during the
flushing, i.e. a value of about 4,000 on the Reynolds's
scale, a flow of about 70 litres per minute is re-
quired, whereby the pressure drop will be about 4 bar
per metre and from one end of the pipe system to the
other about 800 bar. The problem is that this kind of
pipes simply do not withstand such high pressures.

i blao Ao
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If the flushing is carried out with a smaller
volume flow so as to keep the pressure drop in compli-
ance with the pressure resistance properties of the
pipe system, a laminar flow with practically non-exist-
ing cleaning properties is achieved in place of a tur-
bulent flow. For this reason, the flushing has in most
cases been totally neglected, which has resulted in se-
rious subsequent operational disturbances.

The object of the present invention is to pro-
vide a new apparatus which enables hydrauli~ and other
similar small-diameter pipe systems to be flushed effi-
ciently.

The apparatus according to the invention is
mainly characterized in that means for feeding a pres-
surized gas into the flushing liquid are arranged in
connection with the hydraulic pump means, and that the
flushing circuit includes valve means arranged to at
first be élosed when the pipe system has been filed
with flushing liquid and said pressurized gas, in order
to compress the gas entrained in the pipe system, and
thereafter to be opened for expanding the gas, in order
to create a forceful flushing pulse through the pipe
system.

In a preferred embodimeént of the invention, the
entire pipe system is at first filled with flushing
liquid, preferably oil, whererafter gas ard further oil
are alternately introduced pulsewise into the pipe sys-
tem, at least one liquid pressure accumulator being
provided at the outlet end of the pipe system to re-
ceive a volume of o0il corrasponding to the introduced
volume of said gas and further oil, respectively, and
to therebetween be emptied into zan o0il receiver tank.
When the pipe system has been substantially filled with
alternating gas and o0il columns, and compressed the
pipe system is opened into the receiver tank, whereat

v
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a forceful flushing pulse through the pipe system,
preferably in a direction opposite to the pulsewise
filling.

The entrained gas is préferably nitrogen. The
impurities flushed out are filtered off the flushing
liquid in a filter aggregate preferably arranged in a
return pump conduit between a collecting tank at the
outlet end of pipe system and the tank of the hydraulic
pump means. This is because the filter aggregate does
not resist the forceful liquid pulses. _

In the following the invention will be described

in more detail with reference to the attached drawing,

in which Figures 1 ar.d 2 shcocw schematically two embodi-
ments in the form of coupling diagrams.

In Figure 1, the pipe system to be cleaned is
designated with the reference numeral 1. The numeral 2
designates a pump means for the flushing liquid, gene-
rally oil; 3 designates a filter aggregate; 4 desig-
nates a container for gas, preferably nitrogen; 5 de-
signates a shut-off valve which can be opened and
clcosed intermitte'ntly; 6 designates a tank for collect-
ing the flushing liquid after the shut-off valve 5; 7
designates a tank of the pump 2; 8 designates a con-
necting conduit from the collecting tank 6 to the pump
tank 7; 9 designates a pump for transporting the flush-
ing liquid collected in the tark 6 to the tank 7; 10
and 11 designate a pressure regulating valve and a
pressure relief valve; 12 and 13 designate flow regu-
lating valves; 14 and 15 designate non-return valves.

The flushing is carried out in the following
way:

At first, the shut-o0ff valve 5 is kept open as
shown in the drawing, whereby the pipe system 1 is
filled simultaneously with flushing liquid from the
pump 2 and with gas, preferably nitrogen, from the con-
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tainer 4.

When the pipe system has been filled up, the
valve 5 is closed and the pressure rises in the pipe
system to a value set for the pressure regulating valve
11, e.g. 50 bar, whereby the non-return valve 14 in the
outlet conduit of the gas container 4 is closed and the
gas entrained by the flushing liquid is compressed
within the entire pipe system 1.

When the 1limit pressure of the valve 11 is
reached, the shut-off wvalve 5 is opened, whereby the
sudden pressure drop in the pipe system 1 causes the

gas compressed in the flushing liquid to be expanded

forcefully so that the pipe system 1 is emptied rapidly
by a forceful flow pulse which effectively loosens the
impurities on the inner walls of the pipe system. After
the flow pulse has weakened, the valve 5 is again
closed, and the flushing is continued in the same way
until the required c¢leanness of the pipe éystem has
been achieved.

The operation of the shut-cff valve 5 may be e.g.
time-based or simply based cin the sensing of the pres-
sure in the pipe system 1l; one skilled in the art will
not encounter any problems in effecting the flushing
process by means of commercially available equipment.

In Figure 2, the pipe system to be cleaned is
designated with the reference numeral 20. The reference
numeral 21 designates a motor for two cooperating pumps
22 and 23 for the flushing liquid, generally oil. The
reference numeral 24 designates a filter aggregate; 25
designates a valve for removing gas from the flushing
liquid; 26 designates a pressure relief valve for the
pump 23, in the present case set to 35 bar, for in-
stance; 27 designates a non-return valve; 28a and 28b
designate control valves for filling the pipe system
with oil and, respectively, for emptying the pipe sys-
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tem during the flushing operation. 29 designates a con-
tainer for gas, preferably nitrogen; 30 designates a
pressure reducing valve for the gas, set to 12 bar, for
instance; 31 designates a contrbl valve for supplying
gas to the pipe system 20; 32 designates a control val-
ve for two parallel pressure accumulators 33a and 33D,
both set to a counter pressure of 7 bar, for instance,
and having a volume of e.g. 0.7 litres. 34 designates a
conventional shut-off valve which is closed except for
when the pipe system 20 is emptied after finalized
flushing; 35 designates a valve for regulating the
flushing flow rate; 36 designates a valve which con-
nects the pump 22 either to an o0il tank 37 or to fill-
ing from a barrel 38; and 39 designates a receiving
tank for the flushing liquid. The o0il conduit through
the wvalve 35, to the tank 39 ends slightly above the
surface of the liquid. 41 designates connecting hoses
to and from the pipe system 20. 42 and 43 designate co-
lumns of gas and oil, respectively, 44 is a partition
wall between the tanks 37 and 39, and 45 designates a
pressure relief value set to e.g. 12 bar.

In addition to those mentioned abqve, typical
values for the pipe system 20, for instance, are an in-
ner diameter of 13 mm and a length of 200 m, or an in-
ner diameter of 6 mm and a length of up to 1000 m; for
the oil tank 200 1; for the pumps 22 and 23 about 12
and 10 l1/minute, respectively; and for the motor 21 1.1
KW.

The apparatus operates in the following way:

When the motor 21 is running, the pump 22 pumps
oil through the filter 24 to the pump 23, from where
the o0il is further passed back to the tank when the
valve 28 is in center position, the situation in the
drawing. As the capacity of the pump 22 is a little
greater than the capacity of the pump 23, part of the
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greater than the capacity of the punp 23, part of the
0il passes through the valve 27, and the degasifying
valve 25 removes air and gas from the oil.

The flushing of the pipe system 20 is initiated
by £filling it with oil; the valve 28b is connected, to
the left of the position in figure 3, so that oil flows
into the pipe system. After the pipe system is full,
the valve 28 is returned to center position.

The valve 32 is still in the position shown in
figure 2, connecting the accumulator 33a to the pipe
system 20 and the accumulator 33b to the tank 39. The
valve 31 is opened and gas flows from the container 29
into the inlet end of the pipe system 20, to the left
in figure 2, and the accumulator 33a receives a corre-

sponding volume of oil. When the pressure in the accu-

. mulator 33a has reached the value determined by the

valve 30, e.g. 12 bar, the valve 31 is closed. A short
gas column 42 has been formed at the inlet end of the
pipe system 20. The valve 28a is now connected, to the
right from the position in figure 2, and the valve 32
is shifted to the left from the position in figure 2 to
empty the accumulator 33a to the tank 39 and to connect
the accumulator 33b to the pipe system 20. 0il flows
into the inlet end of the pipe system 20 and a cor-
responding amount of oil is received by the accumulator
33b, until the pressure reaches the value set by the
pressure regulating valve 45, e.g. 12 bar. There is now
an oil column 43 after the afore-mentioned gas co-lumn
42 at the inlet end of the pipe system 20. The mem-
branes of the pressure accumulators 33a and 33b yield
as the pre-charged gas in the accumulators is com-
pressed, the accumulators receive a volume correspond-
ing to the difference between the pressure of the re-
spective medium fed into the inlet of the system 20 and

the pre-charged counter-pressure of the accumulators,
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setting the above-mentioned pressures.

The pulsewise filling of the pipe system alternate-
ly with gas and oil is continued in this way preferably
until the system is substantially filled with alter-
nating short gas. columns 42 and oil columns 43, as
shown in the drawing.

Thereafter the pressure in the pipe system 20 is
raised to the set value of the regulating valve 26,
e.g. 35 bar, to further compress the gas entrained in
the pipe system 20. The valve 28a is connected and the
valvé 32 is in the position shown in figure 2.

Upon reaching the set pressure of e.g. 35 bar, the
valve 28b is connected, to the left from the position
in the drawing, so that the pipe system communicates
openly with the receiving tank 39, and the mixture of
0oil and gas contained in the pipe system is emptied ra-
pidly in a forceful flow pulse in a direction opposite
to the pulsewise filling. The pipe system is preferably
flushed with oilfor a while, whereafter a new pulsewise
filling is initiated. The flushing process continues in
this way until the pipe system is clean. The pipe sys-
tem is emptied by means of gas, whereby the valve 34
and the valve 31 are opened so that the oil flows into
the tank 39. i

Impurities are loosened partly during the pulse-
wise filling of the pipe system with gas and liquid and
partly during the forceful emptying of the pipe system.
The cleaning is made even more effective by carrying
out the filling and repectively the emptying of the
pipe system in opposite directions. By alternately
filling the pipe system with short gas columns and
short liquid columns, it is possible to avoid problems
which arise in the metering of the amounts and the
pressures of oil and gas, respectively, when gas and
0il are fed simultaneously into the pipe system. Condi-
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tions for obtaining an efficient mixing of oil and gas
when they are fed simultanously into the pipe system
vary considerably depending on the dimensions of the
pipe system; moreover, they are difficult to determine
in advance. |

The flushing time depends on the diameter and
length of the pipe system as well as on the amount of
impurities. Guidance is easily obtainable through expe-
rience. The same applies to the operation of the va-
rious valves which may be e.g. time-based or simply
based on the sensing of the pressure in the pipe system
20; one skilled in the art will not encounter any prob-
lems in effecting the flushing process by means of any
commercially available equipment.

The impurities flushed out of the pipe system
have to be filtered off the flushing liquid. Existing
filter aggregates do not obviously withstand the oc-
curring forceful 1liquid pulses, wherefore the filter
aggregate should not be placed in direct connection
with the pipe system. The forceful pulses of the flush-
ing liquid are preferably collected in a tank 6 and 39,
respectively, arranged for the purpose, wherefrom the
flushing liquid is pumped into a tank 7 and 37, respec-
tively, for the flushing punmp 2, through a separate
conduit 8, Figure 1; or it is allowed to flow over a
partition wall 44 into the tank 37 as shown in Figure
2. The flow through the filter aggregate included in a
separate circuit can thus be maintained on an even, re-
latively low level.

In the drawing, the inlet and outlet ends of the
pipe systems 1 and 20, respectively, are situated close
to each other. If the inlet and outlet ends of the pipe
system are far apart, it may be preferable to have one
flushing apparatus at each end and to flush the pipe
system alternately in both directions. In the embodi-

PCT/F187/00138
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ment of Figure 1, the conduit 8 would lead from the
motor 9 to the tank 7 of the other motor aggregate at
the outlet end of the pipe system and an additional
valve 5, with a receiver tank and filtering means would

5 be provided at the inlet end of the pipe system. The
apparatus according to Figure 8 would be divided in a
similar manner.
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Claims:

1. An apparatus for flushing hydraulic small-
diameter pipe systems or the like, or a part of such a
pipe system, comprising a hydraulic phmp means for
flushing 1liquid through the pipe system, and filter
means, c haracterized in that

means for feeding a pressurized gas into the
flushing 1liquid are arranged in connection with the
hydraulic pump means, and

that the flushing circuit includes valve means
arranged tQE3§ first be closed when the pipe system has
been é&&ed)w1th flushing liquid and said. pressurized
gas, in order to compress the gas entrained in the pipe
systen, and thereafter to be opened for expanding the
gas, in order to create a forceful f;ushing pulse
through t 1e pipe system.

2. An apparatus according to claim 1, c h a r -
a cterized in that the flushing circuit in-
cludes means for periodically filling the pipe system
alternately with columns of gas and liquid.

3. An apparatus according to claim 2, c h a r -
acterized in that the means for filling the
pipe system with pressurized gas and liquid comprise at
least one pressure liquid accumulator connectable to
the pipe system to receive an amount of liquid corre-
sponding to the volume of gas and liquid, respectively,
alternately fed into the pipe system, and arranged to
be emptied into a receiving tank.

4. An apparatus according to claim 3, char -
acterized in that it comprises two pressure
liquid accumulators arranged to be alternately con-
nected to the pipe system and, respectively, emptied
to the receiving tank.

5. An apparatus according to claim 2, c h a r -

PCT/FI87/00138
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acterized in that the valve means is arranged
to lead the forceful flow pulse through the pipe system
in a direction opposite to the periodical alternate
filling of the pipe system with gas and liquid, respec-
tively. 4

6. An apparatus according to claim 1, c ha r -
acterized in that a tank is arranged after the
valve means, for collecting the flushing liquid, that
said collecting tank is connected to a tank of the hy-

10 draulic pump means through a pump conduit, and that a

filter of the apparatus is arranged in said pump con-
duit.
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