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(54) SYSTEM FOR COOLING A ROOM AND VALVE ASSEMBLY

(57)  System for cooling a room and valve assembly.
A valve assembly comprising a valve with an inlet (3c),
an outlet (3b), a fluid path connecting the inlet (3c) to the
outlet (3b), a valve member disposed in the fluid path,
and a valve actuator (6) configured to move the valve
member such that it obturates the fluid path, and a valve
controller (7) thatis communicatively coupled to the valve
actuator (6), the valve controller (7) being configured to

FIG1

receive first data indicative of temperature, to receive
second data indicative of humidity of air, to receive third
data related to a temperature of a fluid in the fluid path,
to determine a dewpoint estimate from the data, to de-
termine a fluid temperature estimate from the third data,
to compare the dewpoint estimate to the fluid tempera-
ture estimate and to send an instruction to the valve ac-
tuator (6) accordingly.
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Description
Backround

[0001] The disclosure relates to a system for cooling
aroom and to a valve assembly.

[0002] Structures with spaces and / or with rooms
might comprise cooling devices to ensure the comfort of
their occupants. Often, a cooling device is mounted en-
tirely or mostly outside the boundaries of each room,
which usually consist of its walls, doors, ceiling and floor,
for reducing non-uniform cooling or noise. In the case of
buildings, the main machinery of the cooling device typ-
ically is mounted on the rooftop or in the cellar, but its
conduits for the coolant and its valves or its dampers for
acting on the flow thereof are mounted behind the walls
or above the ceilings.

[0003] For improving comfort further, the rooms typi-
cally contain a temperature sensor that is configured and
mounted for sensing the air temperature therein.

Summary

[0004] The instant disclosure teaches a valve assem-
bly capable of inhibiting condensation on outer surfaces
of ceiling-mounted cooling devices. To thatend, the valve
assembly comprises a communication interface and is
operable to receive data indicative of humidity and / or
temperature via the interface. The valve assembly also
provides a processor configured to determine dewpoint
values from the data received. The assembily is sufficient-
ly smart such that its processor can compare the calcu-
lated dewpoint to a temperature of a fluid flowing through
a cooling battery. Flow through the cooling battery will
be disabled by the valve if fluid temperature is too low,
in particular if fluid temperature falls below the calculated
dewpoint.

[0005] The above problems are resolved by a valve
assembly in accordance with the main claims of this dis-
closure. Preferred embodiments of the present disclo-
sure are covered by the dependent claims.

[0006] It is arelated object of the instant disclosure to
provide a valve assembly wherein data indicative of the
temperature of a fluid flowing through a cooling battery
are obtained by measurement upstream of the cooling
battery.

[0007] It is another object of the instant disclosure to
provide a valve assembly wherein the valve assembly
and / or the processor of the valve assembly provide an
interface such that the valve assembly may retrieve data
from various devices remote from the valve assembly.
These include, but are not limited to, mobile handheld
devices, room units, room controllers, controllers of heat-
ing, ventilation and / or air-conditioning installations etc.

Brief description of the drawings

[0008] Various features will become apparent to those
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skilled in the art from the following detailed description
of the disclosed non-limiting embodiments. The drawing
that accompanies the detailed description can be briefly
described as follows:

FIG 1 is a schematic of a system with a smart valve
according the instant disclosure.

Detailed description

[0009] In order to inhibit condensation occurring on
cold surfaces of the cooling device, the system further
comprises at least one humidity sensor and at least one
regulating device that is configured to set the valve or to
set the damper or to influence the temperature of the
coolant in the conduit not just on the basis of signals
obtained from the temperature sensor, but also on the
basis of signals obtained from the humidity sensor.
[0010] For instance, so-called chilled ceilings are de-
ployed to cool down the room temperature, typically with
water as the coolant. If the supply water temperature is
too low, condensed water appears. This can in the long
run compromise the building structure or create water
marks on ceilings. The lower limit for the supply water
temperature depends on the surrounding air temperature
and humidity.

[0011] In such chilled ceilings and in similar cooling
devices, dewpoint switches are mounted to every supply
water pipe. They switch off the supply water when the
relative humidity of the air close to the pipe approaches
100% relative humidity. Mounting them, cabling them to
a controller and testing the wiring is cumbersome, espe-
cially since there is often little room in the ceiling with lots
of piping, cabling and insulations.

[0012] Likewise, known data centre cooling devices in-
clude such dewpoint switches near coolant pipes or, al-
ternatively, absolute humidity sensors in the flow path of
the coolant air to or from the servers, as is described in
the article "HUMIDITY IN THE DATA CENTER: DO WE
STILL NEED TO SWEAT IT?" by Jeff Clark in the Data
Center Journal of 27 March, 2012.

[0013] Accordingtothe disclosure, the humidity sensor
is configured and mounted for sensing humidity in the
room. Surprisingly, this measurement within the room
can have a disproportionally large effect in inhibiting con-
densation in adjacent spaces. In this way, a single hu-
midity sensor can be used both to improve comfort in the
room and to inhibit condensation elsewhere, while avoid-
ing the efforts to install any in inaccessible places.
[0014] Onthe basis of room temperature and room hu-
midity, aware of easily established values for local heat
transmission to and local heat absorption by the cooling
device, the regulating device calculates whether the tem-
perature and flow of the supply water likely would cause
condensation on the supply conduit anywhere above the
ceiling. If there is such arisk, the valve would reduce the
flow of coolant, or the cooler unit would produce coolant
of a higher temperature, or both, or the valve would stop
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the flow of coolant altogether.

[0015] In a preferred embodiment of the disclosure,
the humidity sensor is mounted such that it is accessible
for air in the room at all times. The humidity sensor might
be mounted within the room, maybe to a desk or as part
of a portable electronic device, but, if there is a ventilation
system, outside the air inlet conduit thereof, lest it meas-
ures only the air that the ventilation system produces.
Preferably, the humidity sensor is mounted at the inside
of the boundary of the room, say to a wall or to the ceiling.
[0016] In a preferred embodiment of the disclosure,
the regulating device is configured for calculating an es-
timate of relative humidity at the cooling device, prefer-
ably in an area thereof, more preferably in an area thereof
that has been selected for high relative humidity or for
relative position to the boundary of the room, at least on
the basis of signals obtained from the temperature sensor
and from the humidity sensor, advantageously by using
at least stored values for calculating an estimate of the
heat transport through the boundary of the room outside
which the cooling device is mounted, or by using at least
stored values for calculating an estimate of the heat sink
effect of the cooling device, or by using at least both
stored values.

[0017] The instant disclosure teaches a system,
wherein the cooling device 4 is mounted at least in part
above the ceiling 2 of the room 1.

[0018] Thedisclosure further concerns a valve assem-
bly and / or a valve according to claim 1.

[0019] The instant disclosure teaches a valve assem-
bly and / or a valve comprising

a valve with at least an inlet 3c, at least an outlet 3b, a
fluid path connecting the atleast aninlet 3c to the at least
an outlet 3b, a valve member disposed in the fluid path,
and

with a valve actuator 6 mechanically coupled to the valve
member and configured to move the valve member such
that the valve member obturates the fluid path, and

the valve assembly further comprising a valve controller
7 that is communicatively coupled to the valve actuator
6, the valve controller 7 being configured to receive first
data indicative of a temperature inside a structure 1,

to receive second data indicative of a humidity of air in-
side the structure 1,

to receive third data related to a temperature of a fluid in
the fluid path,

to determine a dewpoint estimate from the first and from
the second data,

to determine a fluid temperature estimate from the third
data,

to compare the dewpoint estimate to the fluid tempera-
ture estimate,

to generate an instruction for the valve actuator 6 to move
the valve member, wherein the instruction is generated
on the basis of the comparison between the dewpoint
estimate and the fluid temperature estimate,

to send the generated instruction to the valve actuator 6.
[0020] Inanembodiment, the valve controller 7 is con-
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figured to generate an instruction for the valve actuator
6 to move the valve member such that the valve member
obturates the fluid path, if the fluid temperature estimate
is less than the dewpoint estimate by a pre-determined
threshold.

[0021] Inan embodiment, the valve controller 7 is con-
figured to generate an instruction for the valve actuator
6 to move the valve member such that the valve member
obturates the fluid path, if the fluid temperature estimate
is less than the dewpoint estimate by a pre-determined
threshold, wherein the instruction is generated on the
basis of the comparison between the dewpoint estimate
and the fluid temperature estimate.

[0022] Itis envisaged that the pre-determined thresh-
old is a temperature. According to an aspect, the pre-
determined threshold is 1 Kor 2 Kor 5 K or at least 1 K
or atleast2 Kor atleast 5 K. In a particular embodiment,
the valve controller 7 comprises a memory, in particular
a memory storing the pre-determined threshold.

[0023] Itis also envisaged that the structure is a space
(of a building) and / or is a room, in particular a room of
a building. According to an aspect, the temperature es-
timate is a temperature value. According to an aspect,
the dewpoint estimate is a dewpoint value. According to
an aspect, the fluid temperature estimate is a value of
fluid temperature.

[0024] In a particular embodiment, the valve controller
7 comprises an interface for communicating with the
valve actuator 6 through a bus. The interface may, by
way of non-limiting example, be an 12C interface. The
bus may, by way of non-limiting example, be an 12C bus.
It is also envisaged that the valve controller 7 is config-
ured to send the generated instruction to the valve actu-
ator 6 via the interface of the valve controller 7. It is still
envisaged that the valve controller 7 is configured to send
the generated instruction to the valve actuator 6 via the
interface of the valve controller 7 and via the bus.
[0025] In a related embodiment, the valve actuator 6
comprises an interface for communicating with the valve
controller 7 through a bus. The interface of the valve ac-
tuator 6 may, by way of non-limiting example, be an 12C
interface. The bus may, by way of non-limiting example,
be an 12C bus.

[0026] In a preferred embodiment of the disclosure,
the valve comprises at least a temperature sensor dis-
posed in the fluid path, the valve controller 7 is commu-
nicatively coupled to the at least a temperature sensor,
and the valve controller 7 is configured to receive third
datain the form of a signal from the atleast atemperature
Sensor.

[0027] Ina preferred embodiment, the valve comprises
at least one temperature sensor (such as a PT100 sen-
sor) disposed in the fluid path,

the valve controller 7 comprises an analog-to-digital con-
verter,

the analog-to-digital converter is communicatively cou-
pled to the at least a temperature sensor, and

the analog-to-digital converter is configured to receive a
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signal from the at least a temperature sensor and to con-
vert the received signal to third data in the form of a digital
representation of the received signal,

wherein the valve controller 7 comprises a processing
unit, the processing unit of the valve controller 7 being
configured to receive third data from the analog-to-digital
converter.

[0028] In another preferred embodiment, the valve
controller 7 provides a bus connection and is configured
to receive first data and second data from a room con-
troller 9 and / or room unit 9 disposed in a structure via
the bus connection.

[0029] In another preferred embodiment, the valve
controller 7 provides an interface to a bus connection and
is configured to receive first data and second data from
a room controller 9 and / or room unit 9 disposed in a
structure via the interface.

[0030] In another preferred embodiment, the valve
controller 7 provides an interface to a bus connection and
is configured to receive first data and second data orig-
inating from a room controller 9 and / or room unit 9 dis-
posed in a structure using a pre-determined bus protocol
via the interface.

[0031] In aparticular embodiment, the pre-determined
bus protocol is a pre-determined digital bus protocol. The
pre-determined bus protocol may, by way of non-limiting
example, be a pre-determined bus protocol of a CAN-
bus (controller area network) under ISO 11898-1:2015.
[0032] According to a related aspect, the interface to
a bus connection is an interface to a wireless bus con-
nection.

[0033] In arelated embodiment, the room controller 9
and / or room unit 9 preferably is arranged at a location
remote from the valve controller 7 such as at least 1 m
or atleast 2 m or at least 5 m from the valve controller 7.
[0034] In a related embodiment, the room controller 9
and / or room unit 9 preferably is arranged at a location
remote from the valve assembly such as at least 1 m or
at least 2 m or at least 5 m from the valve assembly.

[0035] FIG 1 shows a system according to the instant
disclosure.
[0036] ON FIG 1, room 1 contains a wall-mounted

room controller 9 and / or room unit 9 with a temperature
sensor that is configured and mounted for sensing the
air temperature in the room and with a humidity sensor
is configured and mounted for sensing humidity in the
room. The humidity sensor is configured for sensing ab-
solute humidity.

[0037] In an embodiment, room controller 9 and / or
room unit 9 comprises a microcomputer such as a single
core microcomputer and / or an analogue circuit.
[0038] Above ceiling 2, a conduit 3a - 3c of a cooling
device 4 is mounted. A valve 5 has an inlet 3c, an outlet
3b and a fluid path that connects them, as well as a valve
member disposed in the fluid path, and a valve actuator 6.
[0039] A regulating device 7 is configured to set valve
5 in the conduit at least on the basis of signals obtained
from the temperature sensor and from the humidity sen-
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sor. For this, the regulating device 7 calculates an esti-
mate of relative humidity at the conduit 3a - 3c over its
entire length across the ceiling on the basis of signals
from the temperature sensor, from the humidity sensor
and from an non-depicted temperature sensor for the
temperature of the coolant, by using stored values for
calculating an estimate of the heat transport through the
ceiling 2, mainly the ceiling area and a ceiling material
value that represents the rate of warm room air rising
through the ceiling 2 per unit area, and by using stored
values for calculating an estimate of the heat sink effect
of the cooling device 4, mainly the surface area of the
conduit 3a - 3c.

[0040] Inanalternative embodiment, the regulating de-
vice has been integrated into and is a part of the room
controller 9 and / or room unit 9.

[0041] Inanother alternative embodiment, the regulat-
ing device is a controller 7 of a valve assembly 8 that
also includes valve 5. Then the controller 7 is configured
to send an instruction to the valve actuator 6 according
to its determination of a dewpoint estimate and of the
fluid temperature estimate. For instance, the controller
might cause the valve member close if the difference
drops below a pre-determined threshold, or a threshold
that varies with the speed of approach or other circum-
stances.

[0042] It is envisaged that the regulating device and /
or the valve assembly connect to a power supply. The
power supply may, by way of non-limiting example, be a
flow battery. The power supply may, by way of another
non-limiting example, be a flow battery comprising (a re-
silient form of) viologen (in the negative electrolyte) and
/ or ferrocene (in the positive electrolyte). The power sup-
ply may, by way of another non-limiting example, be a
flow battery comprising water-soluble form of ferrocene
(for storing electric charge), in particular functionalised
ferrocene.

[0043] Any steps of a method according to the present
application may be embodied in hardware, in a software
module executed by a processor, in a cloud computing
arrangement, or in a combination thereof. The software
may include a firmware, a hardware driver run in the op-
erating system, or an application program. Thus, the dis-
closure also relates to a computer program product for
performing the operations presented herein. If imple-
mented in software, the functions described may be
stored as one or more instructions on a computer-read-
able medium. Some examples of storage media that may
be used include random access memory (RAM), read
only memory (ROM), flash memory, EPROM memory,
EEPROM memory, registers, a hard disk, a removable
disk, other optical disks, or any available media that can
be accessed by a computer or any other IT equipment
and appliance.

[0044] It should be understood that the foregoing re-
lates only to certain embodiments of the disclosure and
that numerous changes may be made therein without
departing the scope of the disclosure as defined by the
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following claims. It should also be understood that the
disclosure is not restricted to the illustrated embodiments
and that various modifications can be made within the
scope of the following claims.

Reference numerals

[0045]

1 room

2 ceiling

3a, 3b, 3c  refrigerant conduits, in particular water
conduits

3b valve outlet

3c valve inlet

4 cooling battery

5 valve

6 actuator

7 controller

8 valve assembly

9 room controller / room unit

Claims

1. A valve assembly comprising

a valve with at least an inlet (3c), at least an outlet
(3b), a fluid path connecting the at least an inlet (3c)
to the at least an outlet (3b), a valve member dis-
posed in the fluid path, and

with a valve actuator (6) mechanically coupled to the
valve member and configured to move the valve
member such that the valve member obturates the
fluid path, and

the valve assembly further comprising a valve con-
troller (7) that is communicatively coupled to the
valve actuator (6), the valve controller (7) being con-
figured to receive first data indicative of a tempera-
ture inside a structure (1),

to receive second data indicative of a humidity of air
inside the structure (1),

to receive third data related to a temperature of a
fluid in the fluid path,

to determine a dewpoint estimate from the first and
from the second data,

to determine a fluid temperature estimate from the
third data,

to compare the dewpoint estimate to the fluid tem-
perature estimate,

to generate an instruction for the valve actuator (6)
to move the valve member, wherein the instruction
is generated on the basis of the comparison between
the dewpoint estimate and the fluid temperature es-
timate,

to send the generated instruction to the valve actu-
ator (6).

The valve assembly according to claim 1,
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wherein the valve comprises at least one tempera-
ture sensor disposed in the fluid path, and wherein
the valve controller (7) is communicatively coupled
to the at least one temperature sensor,

wherein the valve controller (7) is configured to re-
ceive third data in the form of a signal from the at
least one temperature sensor.

The valve assembly according to any of the claims
1to 2,

wherein the valve controller (7) provides a bus con-
nection,

wherein the valve controller (7) is configured to re-
ceive first data and second data from a room unit (9)
disposed inside the structure (1) via the bus connec-
tion.

The valve assembly according to claim 3,
wherein the room unit (9) is arranged at a location
remote from the valve controller (7).

A system for cooling a room (1) of a structure, com-
prising at least

a cooling device (4) that is mounted outside or es-
sentially outside the boundary of the room (1), which
cooling device (4) comprises at least one conduit (3a
- 3c)foracoolantand atleastone valve (5) ordamper
for acting on the flow of the coolant in the conduit
(3a - 3c),

atemperature sensorthatis configured and mounted
for sensing the air temperature in the room (1),

a humidity sensor,

a regulating device (7) that is configured to set the
valve (5) or damper or to influence the temperature
of the coolant in the conduit at least on the basis of
signals obtained from the temperature sensor and
from the humidity sensor,

characterised in that

the humidity sensor is configured and mounted for
sensing humidity in the room (1).

A system according to any of the preceding claims,
wherein the humidity sensor is mounted such that it
is accessible for air in the room (1) at all times.

A system according to any of the preceding claims,
wherein the humidity sensor is mounted within the
room and, if there is a ventilation system for the room
(1), outside the air inlet conduit thereof.

A system according to any of the preceding claims,
wherein the humidity sensor is mounted at the inside
of the boundary of the room (1) such as a wall or a
door or a ceiling or a floor of the room.

A system according to any of the preceding claims,
wherein the humidity sensor is configured for sens-
ing absolute humidity.
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A system according to any of the preceding claims,
wherein the cooling device (4) is mounted above the
ceiling (2) of the room (1).

A system according to any of the preceding claims,
wherein the regulating device (7) is configured for
calculating an estimate of relative humidity at the
cooling device (4) at least on the basis of signals
obtained from the temperature sensor and from the
humidity sensor.

A system according to any of the preceding claims,
wherein the regulating device (7) is configured for
calculating an estimate of the relative humidity at the
cooling device (4) in an area thereof at least on the
basis of signals from the temperature sensor and
from the humidity sensor.

A system according to any of the preceding claims,
wherein the regulating device (7) is configured for
calculating an estimate of the relative humidity at the
cooling device in an area thereof that has been se-
lected for high relative humidity or for relative position
to the boundary of the room (1), at least on the basis
of signals from the temperature sensor and from the
humidity sensor.

A system according to any of the preceding claims,
wherein the regulating device (7) is configured for
calculating an estimate of relative humidity at the
cooling device (4) in an area thereof, by using atleast
stored values for calculating an estimate of the heat
transport through the boundary of the room (1) out-
side which the cooling device (4) is mounted, at least
on the basis of signals from the temperature sensor
and from the humidity sensor.

A system according to any of the preceding claims,
wherein the regulating device (7) is configured for
calculating an estimate of the relative humidity at the
cooling device in an area thereof, by using at least
stored values for calculating an estimate of the heat
sink effect of the cooling device (4), at least on the
basis of signals from the temperature sensor and
from the humidity sensor.
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