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adapt for filling a hydraulic system with a fluid mixture

composed of at least a first fluid and a second fluid. The 200
filling device includes a fluid mixture circuit for being con- /
nected to the hydraulic system to allow the fluid mixture _ _
10 Main hydraulic system —
to circulate therein; a pressure sensor connected to the ’7

fluid mixture circuit for detecting a pressure of the fluid
mixture in the circuit and generating a first signal repre-
senting the pressure; a concentration sensor connected
to the fluid mixture circuit for detecting a concentration
of the second fluid in the fluid mixture and generating a
second signal representing the concentration; a first in-
coming line connected to the fluid mixture circuit for in-
troducing the first fluid from a first fluid resource to the
circuit; a second incoming line connected to the fluid mix- AN AN
ture circuit for introducing the second fluid from a second / Va
fluid resource to the circuit; and a controller electrically o1 302 307
connected with the pressure sensor and the concentra-

tion sensor for receiving the first and the second signals

and controlling the introduction of the first fluid and/or the

second fluid via the first incoming line and/or the second Fig. 1

incoming line based on the signals. The automatic filling

device can save the operator’s time due to the operator

only need to connect it to the hydraulic system and leave

it working.
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Description

FIELD OF THE INVENTION

[0001] The presentinvention relates to a filing device
for hydraulic systems, and especially relates to a filling
device that is able to automatically fill hydraulic systems
with a fluid mixture.

BACKGROUND OF THE INVENTION

[0002] There are many applications of hydraulic sys-
tems filled with a mixture of fluids. One of common ap-
plications is geothermal heat pumps working with a fluid
mixture. The fluid mixture is circulated in a closed loop
which is normally buried in the ground as a heat transfer
medium, and it consists of water mixed with glycol that
performs an anti-freezing function. Nowdays, geothermal
heat pumps are manually filled with individual pumps by
operators.

[0003] It is well known that pressure exists in every
fluid installation. In addition, since the glycol is more ex-
pensive than the water, it is needed to add the minimum
amount of glycol to achieve the fluid mixture that could
work at the lowest temperature required by the device.
Therefore, the filling process can become quite compli-
cated when the existing fluid mixture has a wrong pres-
sure and a wrong concentration of glycol. For example,
when the fluid mixture has a high pressure and a high
concentration of glycol, the hydraulic system has to be
partially emptied to reduce the pressure, and then reduce
the concentration of glycol by adding the water. Currently,
the operators have to continuously measure the pressure
of the fluid mixture to determine how much fluid mixture
must be extracted from the system, moreover, the oper-
ators have to continuously measure the concentration of
glycol to determine how much water must be added into
the system. Obviously, this will take a long time to reach
the target fluid concentration and the system pressure.

SUMMARY OF THE INVENTION

[0004] Itis an object of present invention to provide a
filing device for automatically filling hydraulic systems
working with a mixture of fluids, thereby reducing the time
that operators need to carry out the filling task.

[0005] According to the present invention there is pro-
vided a filling device adapt for filling a hydraulic system
with a fluid mixture composed of at least a first fluid and
a second fluid. The filling device includes a fluid mixture
circuit for being connected to the hydraulic system to al-
low the fluid mixture to circulate therein; a pressure sen-
sor connected to the fluid mixture circuit for detecting a
pressure of the fluid mixture in the circuit and generating
a first signal representing the pressure; a concentration
sensor connected to the fluid mixture circuit for detecting
a concentration of the second fluid in the fluid mixture
and generating a second signal representing the concen-
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tration; a firstincoming line connected to the fluid mixture
circuit for introducing the first fluid from a first fluid re-
source to the circuit; a second incoming line connected
to the fluid mixture circuit for introducing the second fluid
from a second fluid resource to the circuit; and a controller
electrically connected with the pressure sensor and the
concentration sensor for receiving the first and the sec-
ond signals and controlling the introduction of the first
fluid and/or the second fluid via the first incoming line
and/or the second incoming line based on the signals.
The automatic filling device can save the operator’s time
due to the operator only need to connect it to the hydraulic
system and leave it working.

[0006] Moreover, the filling device further includes a
first outgoing line connected to the fluid mixture circuit
for extracting the fluid mixture to a fluid recycling tank,
and a first outgoing electric valve connected in the first
outgoing line; wherein the controller is electrically con-
nected with the first outgoing electric valve to enable the
valve to open for extraction of the fluid mixture. In this
way, in case the fluid mixture needs to be extracted, the
fluid recycling tank can contain the extracted fluid mixture
for being reused.

[0007] Furthermore, the filling device further includes
a third incoming line connected to the fluid mixture circuit
forintroducing a premixed fluid from a premixed fluid tank
to the circuit. This premixed fluid tank can be provided
by service companies with fluid premixed in the target
concentration of the fluid mixture circulating in the hy-
draulic system, which makes the filling device to use the
fluids resources more efficiently and reduce operation
time accordingly.

[0008] In one embodiment, the second and the third
incoming lines are connected to the fluid mixture circuit
via a common pump, and a first, a second, and a third
incoming electric valves are connected in the first, the
second, and the third incoming lines respectively.
[0009] Preferably, the controlleris electrically connect-
ed with the pump and the three incoming electric valves
for activating the common pump and selectively enabling
one or two or all of the three incoming electric valves to
open for introducing the first fluid and/or the second fluid
and/or the premixed fluid.

[0010] In a further embodiment, the filling device in-
cludes a second outgoing line connected to the fluid mix-
ture circuit for extracting the fluid mixture to the premixed
fluid tank, and a second outgoing electric valve connect-
ed in the second outgoing line; wherein the controller is
electrically connected with the second outgoing electric
valve to enable said valve to open for extraction of the
fluid mixture.

[0011] Preferably, when the controller decides to ex-
tract the fluid mixture, the controller first compares the
detected concentration with a predetermined concentra-
tion threshold, and if the detected concentration is equal
to or larger than said predetermined threshold, the con-
troller controls the extraction of the fluid mixture through
the second outgoing line, and if the detected concentra-
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tion is smaller than said predetermined threshold, the
controller controls the extraction of the fluid mixture
through the first outgoing line. In this way, the fluid recy-
cling tank can be reused in the case that a premixed fluid
with a lower concentration is needed, and the fluid
premixed tank can be reused in the case that a premixed
fluid with a higher concentration is needed.

[0012] Ina preferred embodiment, the filling device fur-
ther includes a main non-return valve disposed in the
fluid mixture circuit to restrict the fluid mixture to circulate
in a correct way.

[0013] Ina preferred embodiment, the filling device fur-
ther includes a first, a second, and a third non-return
valves disposed in the first, the second, and the third
incoming lines respectively to avoid the first fluid, the sec-
ond fluid, or the premixed fluid which has been extracted
to return to the first fluid resource, the second fluid re-
source, or the premixed fluid tank respectively.

[0014] In one embodiment, the first fluid is water, and
the second fluid is glycol.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] For a more complete understanding of the
presentinvention, and the advantages thereof, reference
is now made to the following descriptions taken in con-
junction with the accompanying drawings, in which:

Fig. 1 is a block diagram showing the configuration
of a filling device in accordance with a first embodi-
ment of present invention;

Fig. 2 is a block diagram showing the configuration
of a filling device in accordance with a second em-
bodiment of present invention;

Fig. 3 is a block diagram showing the configuration
of a filling device in accordance with a third embod-
iment of present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0016] Reference will now be made to the drawing fig-
ures to describe the preferred embodiments of the
present invention in detail. However, the embodiments
can notbe usedtorestrictthe presentinvention. Changes
such as structure, method and function obviously made
to those of ordinary skill in the art are also protected by
the present invention.

[0017] Referring to Fig. 1, in the first embodiment, a
filling device 101 is connected between a main hydraulic
system 200 and a first fluid resource 301, a second fluid
resource 302, and a fluid recycling tank 307. The main
hydraulic system 200 can be any hydraulic systems work-
ing with a mixture of fluids, and a geothermal heat pump
with a closed loop will be exemplified hereinafter for il-
lustrating the main hydraulic system of present invention.

10

15

20

25

30

35

40

45

50

55

The closed loop is generally buried in the ground with a
heat transfer fluid circulated therein for transferring heat
stored in the Earth as a heat source in winter and dissi-
pating heat into the ground as a heat sink in summer.
[0018] The fluid mixture can be water mixed with glycol
to avoid the water to be frozen when the temperature at
which the system works is below zero. In this embodi-
ment, the water is a first fluid, and the glycol is a second
fluid. The first fluid resource 301 can be a tank containing
pure water or a network of water, and the second fluid
resource 302 can be a tank containing pure glycol. It
would be apparent to those skilled in the art that, in other
embodiments, the main hydraulic system can work with
a fluid mixture composed of more than two kinds of fluids,
and in that case, more tanks respectively containing var-
iant kinds of fluids are needed for filling.

[0019] The filling device 101 can include a housing 10
for receiving all of components of the device. A fluid mix-
ture circuit 178 is received in the housing 10. The fluid
mixture circuit 178 can be a main pipe with two ends
extending out of the housing 10 to be connected with the
closed loop of the geothermal heat pump for introducing
the fluid mixture and circulating it in the filling device 101
and the geothermal heat pump (namely the main hydrau-
lic system 200). A pressure sensor (PT) 11 is disposed
in the housing and connected to the fluid mixture circuit
178 to detect a pressure of the fluid mixture. It is well
known that the pressure sensor usually acts as a trans-
ducer, and it generates an electrical signal as a function
of the pressure imposed by the fluid mixture. A concen-
tration sensor (GS) 12 is also disposed in the housing 10
and connected to the fluid mixture circuit 178 to detect a
concentration of the second fluid, namely the glycol in
the fluid mixture. Those skilled in the art can understand
that an electronic automatic glycol-concentration meas-
urement sensor can be used as the concentration sensor.
In a preferred embodiment, a main non-return valve 154
is connected in the fluid mixture circuit 178 to restrict the
fluid mixture to circulated in a correct way.

[0020] As shown inFig. 1, afirstincoming line 171 and
a second incoming line 172 are connected to the fluid
mixture circuit 178 via a common pump 13. The first and
the second incoming lines 171, 172 each has a distal end
extending out of the housing 10 and immersing in the
fluid contained in the water tank 301 or the glycol tank
302 for introducing the water or the glycol to the fluid
mixture circuit 178 under action of the pump 13. Moreo-
ver, a first incoming electric valve 141 is connected in
the first incoming line 171 to be selectively activated on,
and a second incoming electric valve 142 is connected
inthe secondincomingline 172to be selectively activated
on. The first/second incoming electric valve can be a mo-
torized valve. The incoming lines can be flexible pipes.
In a preferred embodiment, a first non-return valve 151
and a second non-return valve 152 are connected in the
first and the second incoming lines 171, 172 respectively
to avoid the first fluid or the second fluid which has been
extracted by the pump 13 to return to the corresponding
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tank.

[0021] Afirstoutgoingline 177 is connected to the fluid
mixture circuit 178, and it has one distal end extending
out of the housing 10 and into the fluid recycling tank 307
for extracting the fluid mixture to the recycling tank 307.
Since the glycol is expensive, the fluid recycling tank 307
containing the fluid mixture can be reused. The outgoing
line can also be a flexible pipe. A first outgoing electric
valve 147 is connected in the first outgoing line 177 to
be selectively activated on. A controller 16 is disposed
inthe housing 10 and electrically connected with the pres-
sure sensor 11, the concentration sensor 12, the com-
mon pump 13, the first and the second incoming electric
valve 141, 142, and the first outgoing electric valve 147.
The controller 16 may be an electronic control system
incorporating a Micro Controller Unit (MCU). Of course,
the controller 16 can also use other types of integrated
circuits, such as Application Specific Integrated Circuit
(ASIC) and Field Programmable Gate Array (FPGA) etc..
In general, the controller 16 real-timely or periodically
receives a first signal from the pressure sensor repre-
senting the pressure of the fluid mixture and a second
signal from the concentration sensor representing the
concentration of the glycol in the fluid mixture, then con-
troller 16 gets to know if the pressure and the concentra-
tion is within the range of target tolerance, or high, or low.
Thus, the controller can decide to do nothing, or activate
the pump 13 and one or both of the first and the second
incoming electric valves 141, 142 to introduce the first
and/or the second fluid, or enable the first outgoing elec-
tric valve 147 to open for extraction of the fluid mixture
outside. The operation of the filling device in this embod-
iment will be described in details hereinafter.

[0022] Refer to Fig. 1, the controller 16 receives the
first signal from the pressure sensor 11 and the second
signal from the concentration sensor 12 in real time or
periodically. If the detected pressure and concentration
are both within the range of the target tolerance, the filling
device will do nothing.

[0023] If the detected pressure exceeds the range of
pressure target tolerance, which means the pressure of
the fluid mixture is high, then the controller 16 checks
whether the detected concentration is within the range
of concentration target tolerance. If the concentration is
in the target concentration range, the controller 16 only
activates the first outgoing electric valve 147 to open the
fluid path defined by the first outgoing line 177 to extract
the fluid mixture into the fluid recycling tank 307 till the
pressure falls back into the target pressure range. If the
concentration also exceeds the target concentration
range, which means the concentration of glycol in the
fluid mixture is high, the controller 16 first activates the
first outgoing electric valve 147 to discharge certain
amount of the mixture of fluids, then activates the pump
13 and the first incoming electrical valve 141 to add the
water from the water tank 301 into the fluid mixture circuit
178 till the concentration falls back into the target con-
centration range. During the period, the controller 16
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monitors the pressure and concentration and determines
how much fluid mixture needs to be extracted and then
how much water needs to be added. If the concentration
falls below the target concentration range, which means
the concentration of glycol in the fluid mixture is low, the
controller 16 first activates the first outgoing electric valve
147 to discharge certain amount of the mixture of fluids,
then activates the pump 13 and the second incoming
electrical valve 142 to add the glycol from the glycol tank
302 into the fluid mixture circuit 178 till the concentration
rises up into the target concentration range. In this case,
[0024] If the detected pressure falls below the range
of pressure target tolerance, which means the pressure
of the fluid mixture becomes low, then the controller 16
checks whether the detected concentration is within the
range of concentration target tolerance. If the concentra-
tion is in the target concentration range, the controller 16
activates the pump 13, the first and the second incoming
electrical valves 141, 142 to add the water and the glycol
into the fluid mixture circuit 178 till the pressure rises up
into the range of pressure target tolerance. If the concen-
tration exceeds the target concentration range, which
means the concentration of glycol in the fluid mixture is
high, the controller 16 can activate the pump 13 and the
first incoming electric valve 141 to only add water into
the fluid mixture circuit 178, also, the controller 16 can
activate the pump 13, the first incoming electrical valve
141, and the second incoming electrical valve 142 to add
both water and glycol into the fluid mixture circuit 178 till
pressure rises up into the pressure target range and the
concentration falls back into the target concentration
range. If the concentration falls below the target concen-
tration range, which means the concentration of glycol in
the fluid mixture is low, the controller 16 can activate the
pump 13 and the second incoming electrical valve 142
to only add the glycol into the fluid mixture circuit 178,
also, the controller 16 can activate the pump 13, the first
incoming electric valve 141, and the second incoming
electric valve 142 to add both water and glycol into the
fluid mixture circuit 178 till both the pressure and the con-
centration rise up into the range of target tolerance.

[0025] Referring to Fig. 2, which shows a second em-
bodiment of a filling device 102. Compared with the first
embodiment, the filling device 102 further includes a third
incoming line 173 that is connected to the fluid mixture
circuit 178 via the common pump 13. A third incoming
electric valve 143 is connected in the third incoming line
173. This third incoming electric valve 143 can be a mo-
torized valve, and it is electrically connected to the con-
troller 16. A premixed fluid tank 303 is provided, and the
third incoming line 173 can extend out of the housing 10
and has one distal end immersing in the fluid contained
in the tank 303. This premixed fluid tank 303 can be pro-
vided by service companies, and it contains a pre-mixed
fluid composed of water and glycol. The premixed fluid
may have a concentration of glycol which is the same as
thatin the fluid mixture of the main hydraulic system 200.
In a preferred embodiment, a third non-return valve 153
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is connected in the third incoming line 173 to avoid the
fluid mixture which has been extracted to return to the
tank 303.

[0026] The operation of the filling device 102 is similar
to that of the filling device 101 in the first embodiment,
and in the case that the filling device 102 needs to add
the fluid mixture only with the target concentration into
the main hydraulic system 200, the pump 13 and the third
incoming electric valve 143 are activated to directly in-
troducing the premixed fluid from the tank 303 into the
fluid mixture circuit 178. In this way, the operation be-
comes easier and the operation time can be reduced. In
an alternative embodiment, the premixed fluid can have
a concentration of glycol which is higher than the con-
centration in the fluid mixture of the main hydraulic sys-
tem 200. In this case, the premixed fluid can be intro-
duced into the main hydraulic system 200 together with
the water from the water tank 301 to reach the target
concentration.

[0027] Fig. 3 shows a third embodiment of a filling de-
vice 103. Compared with the second embodiment, the
filling device 103 further includes a second outgoing line
174 connected to the fluid mixture circuit 178. The second
outgoing line 174 has one distal end extending out of the
housing 10 and into the premixed fluid tank 303. A second
outgoing electric valve 144 is connected in the second
outgoing line 174. The second outgoing electric valve
144 can be a motorized valve, and it is electrically con-
nected to the controller 16.

[0028] In operation, the controller 16 detects the pres-
sure and the concentration of the fluid mixture in real time
or periodically. In case the pressure exceeds the range
of target tolerance, the controller 16 will compare the de-
tected concentration with a predetermined concentration
threshold, and if the detected concentration is equal to
or larger than the predetermined threshold, the controller
16 will activate the second outgoing electric valve 144 to
extract the fluid mixture into the premixed fluid tank 303
through the second outgoing line 174; if the detected con-
centration is smaller than the predetermined threshold,
the controller 16 will activate the first outgoing electric
valve 145 to extract the fluid mixture to the fluid recycling
tank 305 through the first outgoing line 175. The prede-
termined concentration threshold may have a value that
is larger than that of the target concentration of the fluid
mixture. In this way, the fluid recycling tank 305 can be
reused in the case that a premixed fluid with a lower con-
centration is needed, and the fluid premixed tank 303
can be reused in the case that a premixed fluid with a
higher concentration is needed.

[0029] It is to be understood, however, that even
though numerous, characteristics and advantages of the
present invention have been set forth in the foregoing
description, together with details of the structure and
function of the invention, the disclosed is illustrative only,
and changes may be made in detail, especially in matters
of number, shape, size, and arrangement of parts within
the principles of the invention to the full extent indicated
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by the broadest general meaning of the terms in which
the appended claims are expressed.

Claims

1. Afilling device (101, 102, 103) adapt for filling a hy-
draulic system (200) with a fluid mixture composed
of at least a first fluid and a second fluid, said filling
device comprising:

a fluid mixture circuit (178) for being connected
to the hydraulic system to allow the fluid mixture
to circulate therein;

a pressure sensor (11) connected to the fluid
mixture circuit for detecting a pressure of the
fluid mixture in the circuit and generating a first
signal representing the pressure;

a concentration sensor (12) connected to the
fluid mixture circuit for detecting a concentration
of the second fluid in the fluid mixture and gen-
erating a second signal representing the con-
centration;

a firstincoming line (171) connected to the fluid
mixture circuit for introducing the first fluid from
a first fluid resource (301) to the circuit;

a second incoming line (172) connected to the
fluid mixture circuit for introducing the second
fluid from a second fluid resource (302) to the
circuit; and

a controller (16) electrically connected with the
pressure sensor (11) and the concentration sen-
sor (12) for receiving the first and the second
signals and controlling the introduction of the
first fluid and/or the second fluid via the first in-
coming line (171) and/or the second incoming
line (172) based on the signals.

2. Afilling device according to claim 1, further compris-
ing a first outgoing line (177) connected to the fluid
mixture circuit for extracting the fluid mixture to a
fluid recycling tank (307), and a first outgoing electric
valve (147) connected in the first outgoing line;
wherein the controller is electrically connected with
the first outgoing electric valve to enable said valve
to open for extraction of the fluid mixture.

3. Afilling device according to claim 2, further compris-
ing a third incoming line (173) connected to the fluid
mixture circuit for introducing a premixed fluid from
a premixed fluid tank (303) to the circuit.

4. Afilling device according to claim 3, wherein the first,
the second and the third incoming lines are connect-
ed to the fluid mixture circuit via a common pump
(13), and afirst, a second, and a third incoming elec-
tric valves (141, 142, 143) are connected in the first,
the second, and the third incoming lines (171, 172,
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173) respectively.

Afilling device according to claim 4, wherein the con-
troller is electrically connected with the pump and
the three incoming electric valves for activating the
common pump and selectively enabling one or two
or all of the three incoming electric valves to open
for introducing the first fluid and/or the second fluid
and/or the premixed fluid.

Afilling device according to claim 3, further compris-
ing a second outgoing line (174) connected to the
fluid mixture circuit for extracting the fluid mixture to
the premixed fluid tank (173), and a second outgoing
electric valve (144) connected in the second outgo-
ing line; wherein the controller is electrically connect-
ed with the second outgoing electric valve to enable
said valve to open for extraction of the fluid mixture.

A filling device according to claim 6, wherein when
the controller decides to extract the fluid mixture, the
controller first compares the detected concentration
with a predetermined concentration threshold, and
if the detected concentration is equal to or larger than
said predetermined threshold, the controller controls
the extraction of the fluid mixture through the second
outgoing line, and if the detected concentration is
smaller than said predetermined threshold, the con-
troller controls the extraction of the fluid mixture
through the first outgoing line.

Afilling device according to claim 1, further compris-
ing a main non-return valve (154) disposed in the
fluid mixture circuit to restrict the fluid mixture to cir-
culate in a correct way.

Afilling device according to claim 1, further compris-
ing a first, a second, and a third non-return valves
(151, 152, 153) disposed in the first, the second, and
the third incoming lines respectively to avoid the first
fluid, the second fluid, or the premixed fluid which
has been extracted to return to the first fluid resource,
the second fluid resource, or the premixed fluid tank
respectively.

Afilling device according to claim 1, wherein the first
fluid is water, and the second fluid is glycol.
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