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(54) FILLING SYSTEM WITH THERMAL ACTUATING DEVICE

(57) The present invention discloses a filling system
for connecting a fluid supply to a pressurized fluid circuit.
The filling system includes a filling device and a thermal
actuating device. The filling device includes a main fluid
passageway having an inlet port adapted for connection
to the fluid supply and an outlet port adapted for connec-
tion to the fluid circuit, a manual valve interposed in the
main fluid passageway to open and close a first fluid path
defined by the main fluid passageway, and a bypass fluid
passageway connected between the inlet port and the

outlet port to conduct fluid around the manual valve. The
thermal actuating device is associated with the bypass
fluid passageway to open and close a second fluid path
defined by the bypass fluid passageway. As the cost of
a thermal actuating device is normally only a quarter of
the cost of a solenoid valve, and only one manual valve
is needed for the filling system, the cost, the size and the
complexity in structure and operation of the apparatus
can be greatly reduced.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a filling system
for a pressurized fluid circuit, and more particularly to a
filling system for a central heating circuit with a boiler.

BACKGROUND OF THE INVENTION

[0002] A typical domestic central heating circuit in-
cludes a gas or oil fired boiler for production of hot water,
the hot water is then distributed through a piping system,
such as radiators or under floor heating loop, to distribute
heat to the facility by having the hot water transfer heat
to surrounding air. The boiler circuit includes various
components and is operated with water under pressure,
however, the seals between the various components are
not perfect, and from time to time the pressure falls below
a value required for correct operation. In this case, addi-
tional water needs to be added manually or automatically
to the boiler circuit when the circuit is in a low water con-
dition.
[0003] As a traditional filling system illustrated in Fig.
1, the heating circuit is connected to a pressurized water
source, such as a water mains supply via a filling system
to be filled with water when a low water condition is de-
tected. The filling system has a manual tap 91 and a
manual valve 92 both connected in a direct line 81 be-
tween the water mains and the heating circuit, and a so-
lenoid valve 93 is disposed in a line 82 connected after
the manual tap 91 and around the manual valve 92. The
manual tap 91 is normally open, while the manual valve
92 and the solenoid valve 93 are both normally closed.
The manual valve 92 is turned on when the heating circuit
needs to be charged with water at a high flow rate. For
instance, on first installation of the heating circuit, the
circuit needs more than 50 liters of water, so the installer
need to turn on both the manual tap 91 and the manual
valve 92 to avoid a waste of time. During the daily oper-
ation, when a low water condition is detected by a pres-
sure sensor, the solenoid valve 93 is then activated by a
controller to allow water from the water mains to flow into
the heating circuit at a relative lower flow rate until the
pressure sensor detects that a predetermined water
pressure is reached.
[0004] However, the existing filling system is relatively
complex and costly.

SUMMARY OF THE INVENTION

[0005] It is an object of present invention to provide a
filling system that has low cost and complexity.
[0006] According to the present invention there is pro-
vided a filling system for connecting a fluid supply to a
pressurized fluid circuit. The fluid supply is preferably a
mins water supply, and the fluid circuit is preferably a
central heating circuit including a boiler. The filling system

includes a filling device and a thermal actuating device.
The filling device includes a main fluid passageway hav-
ing an inlet port adapted for connection to the fluid supply
and an outlet port adapted for connection to the fluid cir-
cuit, a manual valve interposed in the main fluid passage-
way to open and close a first fluid path defined by the
main fluid passageway, and a bypass fluid passageway
connected between the inlet port and the outlet port to
conduct fluid around the manual valve. The thermal ac-
tuating device is associated with the bypass fluid pas-
sageway to open and close a second fluid path defined
by the bypass fluid passageway.
[0007] The thermal actuating device preferably in-
cludes a casing, a thermal actuator received in the cas-
ing, and a movable member cooperating with the thermal
actuator to be actuated to move between a first and a
second positions relative to the casing; wherein the mov-
able member is disposed in the casing and has one end
extending out of the casing, the end of the movable mem-
ber blocks the bypass fluid passageway when the mov-
able member is located at the first position and unblocks
the bypass fluid passageway when the movable member
is located at the second position.
[0008] The filling device may have a body, and the body
has a periphery wall defining the main fluid passageway
therein; wherein the bypass fluid passageway preferably
includes a channel defined in the periphery wall, and the
channel has one end communicating with the main fluid
passageway and the other end forming an opening on
an outer surface of the periphery wall; wherein the end
of the movable member abuts against the opening of the
channel to close the second fluid path when the movable
member is located at the first position.
[0009] Preferably, the channel has a section size
smaller than that of the main fluid passageway.
[0010] The bypass fluid passageway preferably in-
cludes a through hole defined in the periphery wall and
communicating with the main fluid passageway, and a
chamber defined by projection walls projecting from the
periphery wall; wherein the chamber communicates with
both the channel and the through hole.
[0011] Preferably, the projection walls define an aper-
ture in communication with the chamber, and a mem-
brane covers the aperture and has a central bore for be-
ing extended through by the movable member into the
chamber, wherein the central bore of the membrane has
a diameter smaller than that of the movable member.
[0012] In one embodiment, the thermal actuator has
thermally expandable material contained therein; when
the thermally expandable material expands, the movable
member moves relative to the casing from the first posi-
tion to the second position; when the thermally expand-
able material contracts, the movable member moves rel-
ative to the casing from the second position to the first
position.
[0013] The filling system preferably includes a pres-
sure sensor for monitoring pressure of fluid circulating in
the fluid circuit and a controller communicating with the
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pressure sensor and the thermal actuator.
[0014] The controller may activate the thermal actuator
by heating the thermally expandable material to actuate
the movable member to move from the first position to
the second position for opening the second fluid path
after the controller receives a signal representing that the
fluid pressure falls below a first pressure threshold from
the pressure sensor.
[0015] The controller may also estimate a remaining
time when the fluid pressure reaches a second pressure
threshold equal to or greater than the first pressure
threshold; and the controller may further deactivate the
thermal actuator by stopping heating the thermally ex-
pandable material when the remaining time is equal to a
fixed time interval, thereby actuating the movable mem-
ber to move from the second position to the first position
as the thermally expandable material cools down.
[0016] In one embodiment, the controller estimates the
remaining time based on the monitoring information of
the pressure sensor.
[0017] Preferably, the thermal actuating device further
includes a biasing element cooperating with the movable
member for biasing the movable member from the sec-
ond position to the first position.
[0018] Preferably, the manual valve is in a normally
closed condition for closing the first fluid path, and is man-
ually operable to an open condition for opening the first
fluid path.
[0019] In this way, as the cost of a thermal actuating
device is normally only a quarter of the cost of a solenoid
valve, and only one manual valve is needed for the filling
system, the cost, the size and the complexity in structure
and operation of the apparatus can be greatly reduced.
In addition, the nature of the thermally expandable ma-
terial employed by the thermal actuating device can
cause delays in control, and the aforementioned filling
system resolves this problem by using a new control al-
gorithm of calculating the remaining time of the filling op-
eration and stopping heating the thermally expandable
material for a fixed time interval ahead of the end of the
filling operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] For a more complete understanding of the
present invention, 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 schematic diagram illustrating a conven-
tional filling system connected between a water
mains supply and a heating circuit;

Fig. 2 is a schematic diagram illustrating a filling sys-
tem in accordance with one embodiment of present
invention, wherein the filing loop system is connect-
ed between the water mains supply and the heating
circuit;

Fig. 3 is a schematic sectional view of a combination
of a filling device and a thermal actuating device used
in the filling system shown in Fig. 2, wherein the filling
device is in a closed condition;

Fig. 4 is a schematic sectional view similar to Fig. 3,
wherein the filling device is operated to feed water
at a high flow rate;

Fig. 5 is a schematic sectional view similar to Fig. 3,
wherein the filling device is operated to feed water
at a low flow rate.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0021] 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 not be used to restrict the present invention. Changes
such as structure, method and function obviously made
to those of ordinary skill in the art are also protected by
the present invention.
[0022] Fig. 2 illustrates an embodiment of an filling sys-
tem for connecting a water mains supply to a pressurized
heating circuit to automatically feed water to the heating
circuit when a low water condition is detected in the heat-
ing circuit. In this embodiment, the heating circuit in-
cludes a gas or oil fired boiler for production of hot water,
the hot water is then distributed through a piping system,
such as radiators or under floor heating loop, to distribute
heat to the facility by having the hot water transfer heat
to surrounding air. Those skilled in the art will also un-
derstand that the filling system of present invention could
also be used in any other cases that a pressurized fluid
circuit needs to be automatically filled with fluid from a
fluid supply.
[0023] Referring to Figs. 2 and 3, the filling system 100
includes a filling device 1, a thermal actuating device 21,
a controller 3, and a pressure sensor 4. As shown in Fig.
3, the filling device 1 includes a generally tubular body
10 with a periphery wall and a central main fluid passage-
way 14 defined by the periphery wall. The body 10 has
an inlet port 11 adapted for connection to the water mains
supply and an outlet port 12 adapted for connection to
the heating circuit. A manual valve 13 is interposed in
the main fluid passageway to open and close a first fluid
path defined by the main fluid passageway 14, and a
bypass fluid passageway 15 is connected between the
inlet port 11 and the outlet port 12 to conduct water around
the manual valve 13. In this embodiment, the body 10
has a lower vertical portion (not shown) upstanding from
the periphery wall and defining the inlet port 11 therein,
and an upper vertical portion upstanding from the periph-
ery wall and defining the outlet port 12 therein.
[0024] The manual valve 13 may take forms of a plug
valve provided at the bottom of the body 10 with its plug
portion being insertable into the main fluid passageway
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14. Fig. 3 and Fig. 5 show a normally closed condition of
the manual valve 13, wherein the plug portion of the man-
ual valve is inserted into the main fluid passageway 14
to block water flow from the water mains supply via the
inlet port to enter the main fluid passageway 14. Fig. 4
shows an opened condition of the manual valve 13,
wherein the manual valve is rotated with its plug portion
exiting from the main fluid passageway 14 to allow water
flow from the water mains supply passing through the
inlet port to enter the main fluid passageway 14. If the
manual valve 13 is rotated to have it plug portion retreat
to a maximum position as shown in Fig. 4, the water flow
will have a high flow rate.
[0025] The bypass fluid passageway 15 includes a
channel 151 defined in the periphery wall. As shown in
Fig. 3, the channel 151 has one end at its bottom for
communicating with the main fluid passageway 14 and
the other end forming an opening on an outer surface of
the periphery wall. The channel 151 has a section size
much smaller than that of the main fluid passage way 14,
by this means, the water flow passing through the chan-
nel 151 has a flow rate much lower than that only passing
through the main fluid passageway 14. The bypass fluid
passageway 15 also includes a through hole 152 defined
in the periphery wall and communicating with the main
fluid passageway 14, and a chamber 153 defined by pro-
jection walls projecting from the periphery wall for com-
municating with both the channel 151 and the through
hole 153. The projection walls define an aperture in com-
munication with the chamber 153, and a membrane 154
is attached to the projection walls for covering the aper-
ture. The membrane 154 has a central bore for cooper-
ating with a movable member of the thermal actuating
device 21 that will be described in detail hereinafter. In
addition, a non-return valve 16 is provided in the main
fluid passageway 14 to prevent water in the heating circuit
from flowing into the water mains. Refer to Fig. 3, in this
embodiment, the non-return valve 16 is disposed in the
upper vertical portion and close to the outlet port 12.
[0026] As illustrated in Figs. 3 to 5, the thermal actu-
ating device is associated with the bypass fluid passage-
way 15 to open and close a second fluid path defined by
the bypass fluid passageway. The thermal actuating de-
vice may include a casing 210, a thermal actuator 211
retained in the casing, and a movable member 212 co-
operating with the thermal actuator. The casing 210 is
usually made of thermoplastic material and mounted fix-
edly with respect to the filing device 1. The thermal ac-
tuator is a small electric linear motor based on a temper-
ature sensitive element, and it can perform a linear stroke
with a considerable load with a silent and slow movement.
In this embodiment, the thermal actuator 211 has a body
made of electrically and thermally conductive material
(e.g. steel) and containing thermally expandable materi-
al, such as was therein, and a piston 2111 at least partially
immersed into the body. The piston 2111 engages with
and drives the movable member 212 to move between
a first position (as shown in Figs. 3 and 4) and a second

position (as shown in Fig. 5) relative to the casing 210.
The body is in contact with an electrical heater (not
shown), usually a PTC (Positive Temperature Coeffi-
cient) thermistor, so that the heat produced by the PTC
thermistor is transferred to the thermally expandable ma-
terial to make it expand.
[0027] The movable member 212 is received in the
casing 210 and has a shaft portion extending out of the
casing. The shaft portion has a distal end that is able to
abut against the opening of the channel 151 to close the
second fluid path when the movable member 212 is lo-
cated at the first position and uncover the opening to
open the second fluid path when the movable member
212 is located at the second position. The shaft portion
of the movable member 212 extends through the central
bore of the membrane 154 and has a diameter a bit larger
than that of the central bore for avoidance of a fluid leak-
age through the connection between the shaft portion
and the membrane 154. The thermal actuating device
further includes a biasing element 213 cooperating with
the movable member 212 for biasing the movable mem-
ber from the second positon to the first position. In present
embodiment, the biasing element 213 can be a spring
disposed between an inner wall of the casing 210 and
the other end of the movable member 212 opposing to
the end of the movable member 212 extending out of the
casing 210. The spring 213 is able to be stretched and
compressed along the movement direction of the mova-
ble member 212.
[0028] Also referring to Fig. 2, the filling system 100
further includes a pressure sensor 4 for monitoring pres-
sure of water circulating in the heating circuit and a con-
troller 3 electrically connecting with the pressure sensor
4 and the thermal actuator 211. The controller 3 may be
embodied in hardware or software as a digital microcon-
troller or microprocessor or an analog circuit, for exam-
ple, and/or by a digital IC such as a digital signal proc-
essor or an application specific integrated circuit (ASIC).
In this embodiment, the filling system 100 is embedded
in the heating circuit, that is, the filling device 1 and the
thermal actuating device 21 are installed in the boiler as
parts of the boiler, and the controller 3 can be an existing
boiler management unit with new water filling instruc-
tions, and the pressure sensor 4 is the existing one lo-
cated in the heating circuit. Person skilled in the art will
recognize that the filling system could also be a separate
apparatus with part or all of the components including
the filling device, the thermal actuating device, a control-
ler specific for automatic filling operation, and so on. This
separate filling system can be connected to the heating
circuit and the water mains supply via pipe lines/fittings
and electrical lines/connectors to perform the automatic
filling operation.
[0029] Referring to Fig. 3, in conjunction with Fig. 5,
during the daily operation, the pressure sensor 4 moni-
tors pressure of water circulating in the heating circuit.
When the detected water pressure is larger than a first
pressure threshold indicating a critical pressure level be-
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low which the heating circuit is in a low water condition,
no water filling operation is needed. In this case, the man-
ual valve 13 keeps the normal closed condition to block
the main fluid passageway 14, and the end of the mov-
able member 212 abuts against the opening of the chan-
nel 151 to block the bypass fluid passageway 15. When
the detected water pressure falls below the first pressure
threshold, which means the heating circuit is in a low
water condition, on receiving the signal representing this
low water condition from the pressure sensor 4, the con-
troller 3 activates the thermal actuator 211 by energizing
the PTC thermistor, the thermally expandable material
contained in the thermal actuator is then heated and ex-
pands accordingly. The piston 2111 is pushed with the
expansion of the thermally expandable material, and the
movable member 212 is driven by the piston 2111 to
move inward the casing 210 form the first position toward
the second position. During the period, the end of the
movable member 212 out of the casing 210 uncovers the
opening of the channel 151 to unblock the bypass fluid
passageway, therefore, water flow from the water mains
supply via the inlet port 11 sequentially passes through
the channel 151, the chamber 153, and the through hole
152 and enters the main fluid passageway 14, and further
exits from the outlet port 12 to be filled in the heating
circuit. Meanwhile, the spring 213 is compressed by the
other end of the movable member 212 within the casing
210 against the inner wall of the casing 210.
[0030] As water flows through the bypass fluid pas-
sageway 15 at a lower and steady flow rate, the controller
3 can estimate how much time the water pressure of the
heating circuit can reach a second pressure threshold
indicating an acceptable pressure level above which the
normal heating operation can be conducted, in other
words, the controller can estimate a remaining time when
the filling operation is supposed to be ended. For exam-
ple, the controller 3 continuously receives the monitoring
information of the pressure sensor 4 and can get to know
how much time it need to increase the pressure of 0.1
bar, and then estimates how much time the filling oper-
ation can finish. The second pressure threshold may be
equal to or greater than the first pressure threshold. The
controller 3 will deactivate the thermal actuator 211 by
de-energizing the PTC thermistor for a fixed time interval
before the end of the filling operation, thus, the thermally
expandable material stops being heated and contracts
accordingly, and the movable member 212 together with
the piston 2111 is driven by the biasing means 213 under
the effect of elastic restoring force of the compressed
spring to move relative to the casing from the second
position toward the first position. When the thermally ex-
pandable material completely cools down, the movable
member 212 returns to the first position where the open-
ing of the channel 151 is covered again by the end of the
movable member 212 so that the bypass fluid passage-
way 15 is blocked again, at this time, the water pressure
of the heating circuit reaches the second pressure thresh-
old. The fixed time interval can be determined based on

the relationship between the cooling time and the con-
tracted stroke of the thermally expandable material. For
example, the controller 3 can know in advance the time
required for the thermally expandable material to com-
pletely cool down during the movement of the movable
member 212 from the second position to the first position,
e.g. two minutes, therefore, the controller stops heating
when the remaining time is equal the two minutes.
[0031] The cost of a thermal actuating device is nor-
mally only a quarter of the cost of a solenoid valve, and
only one manual valve is needed for the filling system,
therefore, the cost, the size and the complexity in struc-
ture and operation of the apparatus can be greatly re-
duced. In addition, the nature of the thermally expandable
material employed by the thermal actuating device can
cause delays in control, and the aforementioned filling
system resolves this problem by using a new control al-
gorithm of calculating the remaining time of the filling op-
eration and stopping heating the thermally expandable
material for a fixed time interval ahead of the end of the
filling operation.
[0032] 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
by the broadest general meaning of the terms in which
the appended claims are expressed.

Claims

1. A filling system (100) for connecting a fluid supply to
a pressurized fluid circuit, characterized in that said
filling system comprises:

a filling device (1) comprising a main fluid pas-
sageway (14) having an inlet port (11) adapted
for connection to the fluid supply and an outlet
port (12) adapted for connection to the fluid cir-
cuit, a manual valve (13) interposed in the main
fluid passageway to open and close a first fluid
path defined by the main fluid passageway, and
a bypass fluid passageway (15) connected be-
tween the inlet port and the outlet port to conduct
fluid around the manual valve; and
a thermal actuating device (21) associated with
the bypass fluid passageway to open and close
a second fluid path defined by the bypass fluid
passageway.

2. A filling system according to claim 1, characterized
in that the thermal actuating device comprises a cas-
ing (210), a thermal actuator (211) received in the
casing, and a movable member (212) cooperating
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with the thermal actuator to be actuated to move be-
tween a first and a second positions relative to the
casing; wherein the movable member is disposed in
the casing and has one end extending out of the
casing, said end of the movable member blocks the
bypass fluid passageway when the movable mem-
ber is located at the first position and unblocks the
bypass fluid passageway when the movable mem-
ber is located at the second position.

3. A filling system according to claim 2, characterized
in that the filling device has a body (10), and the
body has a periphery wall defining said main fluid
passageway (14) therein; wherein the bypass fluid
passageway comprises a channel (151) defined in
the periphery wall, and the channel has one end com-
municating with the main fluid passageway and the
other end forming an opening on an outer surface of
the periphery wall; wherein said end of the movable
member abuts against the opening of the channel to
close the second fluid path when the movable mem-
ber is located at the first position.

4. A filling system according to claim 3, characterized
in that the channel has a section size smaller than
that of the main fluid passageway.

5. A filling system according to claim 3, characterized
in that the bypass fluid passageway further compris-
es a through hole (152) defined in the periphery wall
and communicating with the main fluid passageway,
and a chamber (153) defined by projection walls pro-
jecting from the periphery wall; wherein the chamber
communicates with both the channel and the through
hole.

6. A filling system according to claim 5, characterized
in that said projection walls define an aperture in
communication with the chamber, and a membrane
(154) covers said aperture and has a central bore
for being extended through by the movable member
into the chamber, wherein said central bore of the
membrane has a diameter smaller than that of the
movable member.

7. A filling system according to claim 2, characterized
in that said thermal actuator has thermally expand-
able material contained therein; when the thermally
expandable material expands, the movable member
moves relative to the casing from the first position to
the second position; when the thermally expandable
material contracts, the movable member moves rel-
ative to the casing from the second position to the
first position.

8. A filling system according to claims 7, characterized
in that said system further comprise a pressure sen-
sor (4) for monitoring pressure of fluid circulating in

the fluid circuit and a controller (3) communicating
with the pressure sensor and the thermal actuator.

9. A filling system according to claims 8, characterized
in that said controller activates the thermal actuator
by heating the thermally expandable material to ac-
tuate the movable member to move from the first
position to the second position for opening the sec-
ond fluid path after the controller receives a signal
representing that the fluid pressure falls below a first
pressure threshold from the pressure sensor.

10. A filling system according to claims 9, characterized
in that the controller estimates a remaining time
when the fluid pressure reaches a second pressure
threshold equal to or greater than the first pressure
threshold; and the controller deactivates the thermal
actuator by stopping heating the thermally expand-
able material when the remaining time is equal to a
fixed time interval, thereby actuating the movable
member to move from the second position to the first
position as the thermally expandable material cools
down.

11. A filling system according to claim 10, characterized
in that the controller estimates the remaining time
based on the monitoring information of the pressure
sensor.

12. A filling system according to claims 2 or 10, charac-
terized in that the thermal actuating device further
comprises a biasing element (213) cooperating with
the movable member for biasing the movable mem-
ber from the second position to the first position.

13. A filling system according to claims 1, characterized
in that the manual valve is in a normally closed con-
dition for closing the first fluid path, and is manually
operable to an open condition for opening the first
fluid path.
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