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(54) A fan coil air conditioning system, a fan coil unit, and a method of controlling a fan coil air

conditioning system

(57)  According to a first aspect of the invention there
is provided a fan coil air conditioning system 1 comprises
at least one fan coil unit 3, the fan coil unit 3 comprising
a heat exchanger 9, at least one fan 19, a return air inlet
15 and a conditioned air outlet 17 for connection to a
conditioned air delivery duct 5 in a building. The heat
exchanger 9 comprises a cooling water connection 11A
for connecting to a source of cooling water, and a heating
water connection 13A for connecting to a source of heat-
ing water. The cooling water connection 11A and the
heating water connection 13A are each provided with a
respective motorised regulating flow valve 21, 23. The
fan 19is operative to draw air from the airinlet 15, through
the heat exchanger 9 to condition the temperature of the
air, the temperature being determined by the flow of cool-
ing or heating water through the heat exchanger 9, and
to pump the conditioned air through the conditioned air
outlet 17. The system 1 further comprises an air temper-
ature sensor operative to generate an air temperature
signal indicative of the temperature of the air returning
to the fan coil unit 3, and fluid temperature sensors 29
operative to generate fluid temperature signals indicative
of the temperature of the fluids at the heat exchanger 2.
The system 1 further comprises a controller operative to
receive the air temperature signal and the fluid temper-
ature signals, and also a duty signal indicative of the tem-
perature and volume flow rate of the conditioned air re-
quired for the conditioned air outlet 17 in question. The
controller subsequently generates a valve control signal
to control the motorised flow valves 21, 23 in dependence
upon the fluid temperature, air temperature and duty sig-

nals such that the flow rate of cooling and/or heating fluid
and the flow rate of air through the heat exchanger 9,
match the conditioned air duty required.
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Description

[0001] The present invention relates to a fan coil air
conditioning system, a fan coil unit and a method of con-
trolling a fan coil air conditioning system.

[0002] Fan coil air conditioning systems are found in
many buildings, and particularly, but not exclusively, in
larger commercial buildings such as office blocks for ex-
ample. Such a system typically comprises a number of
individual fan coil units. The system could comprise two
or three individual fan coil units through to a few thousand
individual units. These fan coil units are distributed
around the building, are usually installed above the false
ceiling, and each provide air conditioning to the particular
area of the building in which they are located. The air
conditioning demand in different areas will vary, and fan
coil units typically come in a number of fixed sizes. Thus,
once on site, each fan coil unit will be tuned to provide
the exact amount of heating and cooling required for its
location. The heating or cooling provided is controlled by
the supply of heating or cooling water to a heat exchanger
in the fan coil unit through which the air passes.

[0003] This site based tuning requires that, fan coil unit
by fan coil unit, the air volume required from the fans in
each unit is set and the heating and cooling water quan-
tities are set - this process is called commissioning. On
any building, commissioning is a substantial and lengthy
task, carried out by specialists as the building approach-
es handover to the building client.

[0004] The purpose behind fan coil commissioning is
to set each fan coil unit to provide its design performance
without over-performing or compromising/starving any
other fan coil unit or part of the system.

[0005] A fan coil unit is designed to provide cooling
and heating. The fan coil unit incorporates a controller to
blend those effects so that the required temperature in
all areas served by the fan coil units is maintained.
[0006] The heatexchanger of a fan coil unitis typically
in the form of copper coils through which the temperature
controlled water passes. Sometimes there is only a cool-
ing coil, sometimes only a heating coil and sometimes
(most often) both.

[0007] Fan coils units also incorporate fans that move
air through the unit. These pull air from the conditioned
space, pass it over the heat exchanger coil(s) and then
return it to the conditioned space. As the air passes over
the coil(s) it is conditioned by acquiring or losing heat,
the conditioned air then being delivered through ducts to
the required area of the building. The amount of heat
acquired or lost is governed by the amount of hot or cold
water passing through the coil(s) and this is in turn con-
trolled by a 'modulating control valve’ under the com-
mand of the fan coil controller. On a fan coil unit that is
designed to provide both heating and cooling, there will
be two modulating control valves, one to control the cool-
ing water flow, the other the heating water flow.

[0008] The fan coil control strategy will continually
monitor the temperature of the area concerned and mod-
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ulate the position of the heating and cooling modulating
control valves accordingly to provide sufficient water vol-
ume to satisfy the demand at anytime. It should be noted
that the heating and cooling valves are never open at the
same time.

[0009] Beyond these ‘'modulating control valves’ but
still local to the fan coil, there is generally another valve
called a ’'regulating valve’ or a ’double regulating valve’.
These limit the maximum amount of water available to
each unit; again one valve being provided for the heating
coil and one for the cooling coil. The reason this adjust-
ment is necessary is because it stops fan coil units close
to the source of heating and cooling water, stealing water
which might be required further away on the system. It
also stops one or other fan coil unit over performing, ie
providing too much heating or cooling effect.

[0010] Itshould be noted here that the modulating con-
trol valves and the regulating valves come in a number
of different styles and combinations.

[0011] The maximum design water flow rates (one for
heating and one for cooling) for each fan coil are calcu-
lated such that each fan coil can only provide the duty it
was selected to provide, but no more. The duty is the
amount of heating or cooling effect the unit was selected
to provide for the area in which it is installed. The cooling
duty will be sufficient to counter/offset all the calculated
heat gains in the summer months (EG heat acquired from
solar effects, people and machines) and the heating duty
will be sufficient to cover all the heating losses in the
winter months (EG heat lost through the fabric of the
building to the outside).

[0012] When a building has been commissioned, this
means that, amongst many other things, these water flow
rates will have been measured at each fan coil unit, the
regulating valves at each fan coil unit adjusted and set,
and then the whole system proved to the client.

[0013] Water flow rate measurement is currently
achieved by a pressure differential orifice plate (one per
temperature control coil) connected to a manometer. The
water passing through the orifice plate (and therefore on
to the fan coil unit) presents a pressure drop across the
plate, the more water the higher the pressure drop ob-
served. Cross referencing to the orifice plate manufac-
turer’s graphs will give the flow rate for any given pressure
differential read (within a range).

[0014] The orifice plates come in a number of different
styles and are sometimes combined with the modulating
control valves and the regulating valves.

[0015] The water flow rate has been used historically
because it is evidence that the fan coil unit is receiving
sufficient heated and/or cooled water to provide the heat-
ing and/or cooling duty the designer wanted in that area
of the building.

[0016] There are many types and combinations of
modulating valve, regulating valve and orifice plates. To
set, check or reset the flow rate values nonetheless al-
ways requires a physical visit to the fan coil unit or units
in question.
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[0017] Presently, a commissioning person physically
visits every fan coil unit and measures the pressure dif-
ferential, manually via the orifice plate, uses this to de-
termine the water flow rate via the manufacturer’s infor-
mation, and then adjusts the regulating valve as neces-
sary to provide the required water flow and consequently
the required duty.

[0018] This process is very laborious and time con-
suming, especially if relatively large numbers of fan coll
units are provided. For example, the process may take
several weeks. Access to some of the fan coil units can
also typically be relatively restricted. The commissioning
process is therefore also relatively expensive.

[0019] The present invention stems from some work
in trying to alleviate these problems.

[0020] According to a first aspect of the invention there
is provided a fan coil air conditioning system comprising
at least one fan coil unit, the fan coil unit comprising a
heat exchanger, at least one fan, a return air inlet and a
conditioned air outlet for connection to a conditioned air
delivery ductin a building, the heat exchanger comprising
a cooling water connection for connecting to a source of
cooling water, and a heating water connection for con-
necting to a source of heating water, the cooling water
connection and the heating water connection each being
provided with a respective motorised regulating flow
valve, the fan being operative to draw air from the air
inlet, through the heat exchanger to condition the tem-
perature of the air, the temperature being determined by
the flow of cooling or heating water through the heat ex-
changer, and to pump the conditioned air through the
conditioned air outlet, the system further comprising an
air temperature sensor operative to generate an air tem-
perature signal indicative of the temperature of the air
returning to the fan coil unit, and fluid temperature sen-
sors operative to generate fluid temperature signals in-
dicative of the temperature of the fluids at the heat ex-
changer, the system further comprising a controller op-
erative to receive the air temperature signal and the fluid
temperature signals, and also a duty signal indicative of
the temperature and volume flow rate of the conditioned
air required for the conditioned air outlet in question, the
controller being operative to subsequently generate a
valve control signal to control the motorised flow valves
in dependence upon the fluid temperature, air tempera-
ture and duty signals such that the flow rate of cooling
and/or heating fluid and the flow rate of air through the
heat exchanger, match the conditioned air duty required.
[0021] A humidity sensor is preferably provided oper-
ative to generate a signal indicative of the relative humid-
ity of the air returning to the fan coil unit.

[0022] Preferably the air temperature sensor compris-
es a sensor at the air inlet operative to measure the tem-
perature of the air returning to the fan coil unit from the
building. Preferably the air temperature sensor compris-
es a sensor at the conditioned air outlet operative to
measure the temperature of the conditioned air leaving
the fan coil unit to the building.

10

15

20

25

30

35

40

45

50

55

[0023] Preferably the fluid temperature sensors com-
prise sensors at the cooling water connections operative
to measure the temperature of the cooling water flow to
and return from the cooling heat exchanger, and further
comprise sensors at the heating water connections op-
erative to measure the temperature of the heating water
flow to and return from the heating heat exchanger.
[0024] The controller may comprise a remote control-
ler and a fan coil unit controller, the remote controller
being operative to form a data connection with the or
each fan coil unit controller. The controller may alterna-
tively comprise a fan coil unit controller on the fan coil
unit itself.

[0025] Preferably the system comprises a plurality of
fan coil units.

[0026] Preferably each fan coil unit is provided with a
unique identification, a signal indicative of the identifica-
tion being provided to the controller.

[0027] According to a second aspect of the invention
there is provided a fan coil unit comprising a heat ex-
changer, at least one fan, a return air inlet and a condi-
tioned air outlet for connection to a conditioned air deliv-
ery duct in a building, the heat exchanger comprising a
cooling water connection for connecting to a source of
cooling water, and a heating water connection for con-
necting to a source of heating water, the cooling water
connection and the heating water connection each being
provided with a respective motorised regulating flow
valve, the fan being operative to draw air from the air
inlet, through the heat exchanger to condition the tem-
perature of the air, the temperature being determined by
the flow of cooling or heating water through the heat ex-
changer, and to pump the conditioned air through the
conditioned air outlet, the fan coil unit further comprising
an air temperature sensor operative to generate an air
temperature signal indicative of the temperature of the
air returning to the fan coil unit, and fluid temperature
sensors operative to generate afluid temperature signals
indicative of the temperatures of the water at the heat
exchangers, the fan coil unit further comprising a fan coil
controller operative to receive the air temperature signal
and the fluid temperature signal, and also a duty signal
indicative of the temperature and volume flow rate of the
conditioned air required for the conditioned air outlet in
question, the controller being operative to subsequently
generate a valve control signal to control the motorised
flow valves in dependence upon the fluid temperature,
air temperature and duty signals such that the flow rate
of cooling and/or heating fluid and the flow rate of air
through the heat exchanger, match the conditioned air
duty required.

[0028] A humidity sensor is preferably provided oper-
ative to generate a signal indicative of the relative humid-
ity of the air returning to the fan coil unit.

[0029] Accordingtoathirdaspectoftheinventionthere
is provided an electronic controller arranged to control
the fan coil air-conditioning system of the first aspect of
the invention.
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[0030] The electronic controller may be mounted on
the fan coil unit, or may be remote from the fan coil unit
and connected thereto via a suitable data connection.
The data connection may be a wired or wireless connec-
tion.

[0031] The controller may comprise an electronic data
processor comprising software arranged to enable the
data processor to control the fan coil air conditioning sys-
tem.

[0032] The controller may comprise an electronic data
processor comprising hardware arranged to enable the
data processor to control the fan coil air conditioning sys-
tem.

[0033] According to a fourth aspect of the invention
there is provided a method of controlling a fan coil air
conditioning system comprising at least one fan coil unit,
the fan coil unit comprising a heat exchanger, at least
one fan, a return air inlet and a conditioned air outlet for
connection to a conditioned air delivery duct in a building,
the heat exchanger comprising a cooling water connec-
tion for connecting to a source of cooling water, and a
heating water connection for connecting to a source of
heating water, the cooling water connection and the heat-
ing water connection each being provided with a respec-
tive motorised regulating flow valve, the fan being oper-
ative to draw air from the air inlet, through the heat ex-
changer to condition the temperature of the air, the tem-
perature being determined by the flow of cooling or heat-
ing water through the heat exchanger, and to pump the
conditioned air through the conditioned air outlet, the sys-
tem further comprising an air temperature sensor oper-
ative to generate an air temperature signal indicative of
the temperature of the returning to the fan coil unit, and
fluid temperature sensors operative to generate fluid tem-
perature signals indicative of the temperature of the fluids
at the heat exchanger, the system further comprising a
controller, the method comprising steps of using the con-
troller:

to receive the air temperature signal and the fluid
temperature signals, and also a duty signal indicative
of the temperature and volume flow rate of the con-
ditioned air required for the conditioned air outlet in
question, and

to subsequently generate a valve control signal to
control the motorised flow valves in dependence up-
on the fluid temperature, air temperature and duty
signals such that the flow rate of cooling and/or heat-
ing fluid and the flow rate of air through the heat
exchanger, match the conditioned air duty required.

[0034] A humidity sensor is preferably provided, oper-
ative to generate a signal indicative of the relative humid-
ity of the air returning to the fan coil unit.

[0035] Other aspects of the present invention may in-
clude any combination of the features or limitations re-
ferred to herein.

[0036] The presentinvention may be carried into prac-
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tice in various ways, but embodiments will now be de-
scribed by way of example only with reference to the
accompanying drawings in which:

Figure 1 is a schematic of a fan coil air conditioning
system in accordance with the present invention,
comprising a single fan coil unit; and

Figure 2 is a schematic of the system of Figure 1
comprising a plurality of fan coil units.

[0037] Referring to the figures, a fan coil air condition-
ing system 1 comprises a plurality of fan coil units 3 each
having fluid connections to temperature controlled water,
and being connected to conditioned air delivery ducts 5,
each duct 5 leading from the fan coil unit 3 to an area of
the building where conditioned air is required. The ducts
5 can lead to the same or different areas as required,
and any number of ducts 5 can be connected to a given
fan coil unit 3 as required. In this example each fan coll
unit 3 is connected to three ducts 5.

[0038] Each fan coil unit 3 comprises a usually oblong
housing 7 in which a heat exchanger 9 comprising two
temperature control coils are provided. One coil is con-
nected to a source of chilled water via a chilled water
inlet 11A and a chilled water return 11B, whilst the other
coil is connected to a source of heated water via a heated
water inlet 13A and a heated water return 13B. The heat
exchanger 9 further comprises a return air inlet 15 and
an air outlet 17, the air inlet 15 receiving return air (un-
conditioned air) from the building.

[0039] Each fan coil unit 3 further comprises three fans
19, the fans 19 being positioned between the heat ex-
changer air outlet 17 and the ducts 5. The fans 19 are
operative to draw air through the air inlet 15, across the
temperature control coils, and out of the fan coil unit 3
via conditioned air outlets 18 connected to the ducts 5.
[0040] Afan coil unit controller 20 is provided to control
the heat exchange coil 9 and the fans 19.

[0041] In accordance with the invention, each fan coil
unit 3 comprises a pair of motorised regulating water flow
control valves, one valve 21 being connected to the
chilled water inlet 11A, the other valve 23 being connect-
ed to the heating water inlet 13A. The water flow control
valves 21, 23 can alternatively be positioned on the
chilled and heating water returns 11B, 13B. Each valve
21, 23 comprises a respective actuator 21A, 23A, these
being controlled by the controller 20. Movement of the
valves 21, 23 by actuators 21A, 23A using the controller
20 varies the flow rate of cooling or heated water into the
heat exchanger 9 and thus conditions the temperature
of air being drawn around the temperature control coils
by the fans 19. The degree of conditioning of the air is
also determined by the volume flow rate of air across the
coils as determined by the speed of operation of the fans
19, this also being controlled by the controller 20.
[0042] Each fan coil unit3further comprises an airtem-
perature sensor operative to generate an air temperature
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signal indicative of the temperature of the air returning
to the fan coil unit 3, a humidity sensor 32 operative to
generate a signal indicative of the relative humidity of the
air returning to the fan coil unit 3, and fluid temperature
sensors operative to generate fluid temperature signals
indicative of the temperatures of the fluids at the heat
exchanger 9.

[0043] In this example, the air temperature sensor
comprises an air inlet temperature sensor 25, and a con-
ditioned air temperature sensor 27 located in the housing
7 between the fans 19 and ducts 5 at the conditioned air
outlets 18.

[0044] The humidity sensor 32 is located adjacent the
air inlet temperature sensor 25.

[0045] In this example the fluid temperature sensor
comprises a cooling water flow temperature sensor 29,
located adjacent the cooling water inlet valve 21, a cool-
ing return water temperature sensor 29a located on the
chilled water return pipework 11 B, a heating water flow
temperature sensor 31 located adjacent the heating wa-
ter inlet valve 23 and a return heating water sensor 31A
located on the heated water return pipework 13B.
[0046] Each of these sensors 25 to 31 generates a
respective fluid or air temperature signal that is received
and processed by the controller 20.

[0047] The above described system 1 is arranged to
enable every fan coil unit 3 in the system to be remotely
interrogated for data that will, through calculation, quan-
tify that an adequate design cooling/heating water flow
rate is being provided to each unit 3 to provide the re-
quired conditioning to the air pumped by that unit 3, and
if it is not, to remotely adjust the control valves 21, 23
such thatitis. This reduces system commissioning times
from what can be several weeks to several hours.
[0048] In contrast to the prior art system and associ-
ated commissioning described above, instead of meas-
uring the cooling and heating water flow rate, the system
1 calculates the cooling and heating duties directly from
the signals generated by the air temperature sensors,
the humidity sensor 32 and the fluid temperature sensors.
If those calculated duties are either too large or too small
(an indication that the design water flow rates are either
too large or too small), the system 1 adjusts the maximum
design water flows to that unit 3 correcting the over per-
formance or shortfall in performance.

[0049] The controller 20 uses this feedback to calcu-
late the cooling and heating water flow rates and then, if
required, automatically calculates corrections to the
valve control positions for the valves 21, 23 of every fan
coil 3 in the system 1.

[0050] So, the system 1 measures the air and water
temperatures directly and then uses that sensor data to
calculate the duty and, if necessary, to correct the regu-
lating valves 21, 23 remotely.

[0051] Each fan coil unit 3, in this example, incorpo-
rates six temperature sensors 25, 27, 29, 29a, 31, 313,
and a humidity sensor 32.

[0052] These sensors measure:-
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*  Thetemperature of the air returning to the unit 3 from
an area of the building - ie the temperature of the
area of the building in question

e The humidity of the air returning to the unit 3 from
an area of the building - ie the humidity of the area
of the building in question

* The temperature of the conditioned air leaving the
unit 3 having been cooled or heated by the heat ex-
changer 9

e  The temperature of the cooling water going to the
unit 3

*  Thetemperature of the cooling water leaving the unit
3

* The temperature of the heating water going to the
unit 3

*  Thetemperature of the heating water leaving the unit
3.

[0053] During manufacture of each fan coil unit 3, its
controller 20 is provided with the following information
about the unit 3 it will be controlling:

e The fan coil unique unit reference number (ID). This
is so that the system 1 can identify each individual
fan coil unit 3

* The design cooling and heating duties - ie the max-
imum cooling and heating the unit 3 is required to
provide when installed in the building

e The air volume the unit 3 is designed to circulate

e The calculated cooling water flow rate required to
achieve the design cooling duty

* The calculated heating water flow rate required to
achieve the design heating duty

*  The design cooling and heating water flow temper-
atures

* The design entering (inlet) air conditions for both
temperature, and humidity, (both in summer and win-

ter)

* Thedesignleaving (outlet) air temperatures, heating
and cooling.

[0054] The system 1 operatesinthe followingway. The

operating steps described could be driven from any suit-
able device including (but not limited to) software stored
on a (laptop) computer temporarily connected to the sys-
tem 1, through any controller 20 on the system 1 via a
suitable wired or wireless data connection, or it could be
hard coded into each fan coil controller 20 and pro-
grammed to run once or on a regular basis, as required.
[0055] The steps described below are based on a re-
mote laptop computer being used to initiate the process.
[0056] The fan coil units 3 in the system 1 are connect-
ed together to form a data network such that commands
and status reports can be sent to or retrieved from the
controller 20 of each fan coil unit 3.

[0057] The laptop is connected to the data network of
fan coil units 3 and so can send and receive data to and
from as many fan coil units 3 as are connected by the
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network; this could be two, it could be 2000 for example.
[0058] The steps are run twice, once for cooling and
once for heating. The heating and cooling procedures
can be executed in either order or interlaced. For each,
the laptop software first sends a command to all fan coil
units 3 to enter a commissioning mode. This is instructing
the units 3 to temporarily exit any variable fan speed strat-
egy that they might normally operate and, after a brief
diagnostic routine, go to design fan speed and opening
either the cooling or heating regulating valve 21, 23 to
the position that has been predefined as letting the design
water flow rate though to the unit 3. This setting position,
under normal operation, would mean that the unit 3 was
providing its maximum design cooling, or heating, duty.
[0059] The laptop software polls each unit 3 in turn and
requests that each send back the following information
(the following description describes a cooling water flow
rate checking routine, the heating is the same but uses
the heating values in place of the cooling):

e The unique fan coil unit reference number (ID)

e The design cooling duties (ie the maximum cooling
duties the unit 3 is designed to provide)

e The design air volume the unit 3 is designed to cir-
culate

e The actual cooling water flow and return tempera-
tures, from sensors 29 and 29a

e The actual return air temperature going to the fan
coil unit 3, from sensor 25

e The actual relative humidity of the air going to the
fan coil unit 3, from sensor 32

* The actual conditioned air temperature leaving the
fan coil unit 3, from sensor 27.

[0060] This polling routine, automatically contacts eve-
ry unit 3 and it takes only a few seconds per set of data.
By way of example, 250 fan coil units 3 could take five
to six minutes depending on network speeds. This allows
any interested party to confirm the performance of every
fan coil unit 3 in the fan coil system 1, whereas the pre-
vious manual process could take many weeks. Con-
strained by time, the prior art manual process would
therefore often have to be limited to a representative se-
lection of fan coils 3 within a fan coil system 1.

[0061] The software then uses the signals indicative
of the air temperature and humidity into the unit 3, the air
temperature out of the unit 3 and the air volume the unit
3 is designed to circulate to determine the cooling per-
formance of the unit 3 at that point in time, the 'as now’
duty.

[0062] It should be noted that the duty (at commission-
ing time) is not likely to match the design duty because
while a building is being commissioned the water tem-
peratures and the building air temperatures are most of-
ten not at their final design values. So, to determine if the
unit 3 would be meeting the design duty if the air and
water were correct, the 'as now’ duty may need to be
corrected to compensate for the water and air tempera-
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tures at their ‘as now’ values not being as per the original
design.

[0063] After a settling delay, the software checks the
’as now’ duty and corrects it to allow for the differences
between the 'as now’ water, air and humidity values and
the respective design values. Having corrected the 'as
now’ duty, asignalis generated indicative of the corrected
calculated duty and the software compares this to the
required design duty and generates a duty correction sig-
nal indicative of the amount by which the corrected cal-
culated duty differs from the design duty. The duty cor-
rection signal is a measure of how much the cooling water
inlet regulating valve 21 needs adjusting such that the
corrected calculated duty matches the design duty. The
software uses the duty correction signal to generate a
valve correction signal used by the controller 20 to adjust
the current cooling regulating valve 21 position such that
the correct cooling water flow rate is provided to the heat
exchange cooling coil. This process is often automatically
repeated to refine and then confirm the adjustments.
[0064] The system 1 is pre-programmed with the rel-
evant design values that will provide the correct amount
of cooling and heating energy to the un-conditioned air.
These values are then transposed by the fan coil con-
troller 20 into a cooling and heating valve position at
which the respective valve will, within acceptable toler-
ances, only allow the programmed maximum water to
flow. This ensures that the unit 3 is permitted to provide
the correct amount of cooling/heating, but no more and
that it does not steal system water from fan coil units 3
further on in the system 1.

[0065] A problem is that the valve position is only ever
exactly the same in a precise laboratory condition. As
soon as one uses a fan coil unit 3 on site in a building
with the associated variations and vagaries of the site
pipe-work leading to each valve 21, 23, the theoretical
valve position may no longer be correct. Therefore, de-
pending upon the site pipe-work condition, each valve
21, 23 will likely require fine tuning as per the described
method.

[0066] The above described system 1 performs the
commissioning task remotely and automatically and
therefore comparatively very quickly. At the end of the
commissioning routine described, all the relevant data,
including confirmation that the unit has 'passed’ it's com-
missioning tests can be sent to the laptop for examination
and/or printing for record purposes. The commissioning
function can be reconfirmed as often as the building oc-
cupier/designer might want. So this could be on a month-
ly or bi-annual basis for example, and could account for
the different seasons.

[0067] Furthermore buildings have only previously
been designed with one set of design conditions in mind,
ie the chilled water will be X°C flow and Y°C return, the
desired building condition will be Z°C etc. This is partly
because, changing any of those values means that some
of the fan coil unit settings, particularly the water flow
rates, will no longer be valid, requiring a manual com-
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missioning process to be repeated.

[0068] Because changing or resetting the water flow
rates with the above described system 1 is an operation
which can be done automatically, remotely and regularly,
this gives opportunities for building designers to change
the various design parameters, possibly water tempera-
tures, either as the external environment changes
throughout the year or because people with different
needs move around within the building. The system 1
can therefore be programmed to recognise these chang-
es and 'auto adapt’.

[0069] In some instances some of the sensors, partic-
ularly the return water and humidity sensors 29a, 31a
and 32 can be omitted from the system. This may be
possible if a calculated estimation of some of the data
values was acceptable.

Claims

1. A fan coil air conditioning system (1) comprising at
least one fan coil unit (3), the fan coil unit (3) com-
prising a heat exchanger (9), at least one fan (19),
areturn air inlet (15) and a conditioned air outlet (17)
for connection to a conditioned air delivery duct (5)
in a building, the heat exchanger (9) comprising a
cooling water connection (11A) for connecting to a
source of cooling water, and a heating water con-
nection (13A) for connecting to a source of heating
water, the cooling water connection (11A) and the
heating water connection (13A) each being provided
with arespective motorised regulating flow valve (21,
23), the fan (19) being operative to draw air from the
air inlet (15), through the heat exchanger (9) to con-
dition the temperature of the air, the temperature be-
ing determined by the flow of cooling or heating water
through the heat exchanger (9), and to pump the
conditioned air through the conditioned air outlet
(17), the system (1) further comprising an air tem-
perature sensor operative to generate an air temper-
ature signal indicative of the temperature of the air
returning to the fan coil unit (3), and fluid temperature
sensors (29) operative to generate fluid temperature
signals indicative of the temperature of the fluids at
the heat exchanger (9), the system (1) further com-
prising a controller (20) operative to receive the air
temperature signal and the fluid temperature signals,
and also a duty signal indicative of the temperature
and volume flow rate of the conditioned air required
for the conditioned air outlet (17) in question, the
controller (20) being operative to subsequently gen-
erate a valve control signal to control the motorised
flow valves (21, 23) in dependence upon the fluid
temperature, air temperature and duty signals such
that the flow rate of cooling and/or heating fluid and
the flow rate of air through the heat exchanger (9),
match the conditioned air duty required.
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10.

The fan coil air conditioning system (1) of claim 1
wherein a humidity sensor (32) is provided operative
to generate a signal indicative of the relative humidity
of the air returning to the fan coil unit (3).

The fan coil air conditioning (1) system of claim 1 or
claim 2 wherein the air temperature sensor compris-
es a sensor at the air inlet (15) operative to measure
the temperature of the air returning to the fan coil
unit (3) from the building.

The fan coil air conditioning system (1) of any one
of the preceding claims wherein the air temperature
sensor comprises a sensor atthe conditioned air out-
let (17) operative to measure the temperature of the
conditioned air leaving the fan coil unit (3) to the
building.

The fan coil air conditioning system (1) of any one
ofthe preceding claims wherein the fluid temperature
sensors (29) comprise sensors at the cooling water
connection (11A) operative to measure the temper-
ature of the cooling water flow to and return from the
heat exchanger (9), and further comprise sensors at
the heating water connection (13A) operative to
measure the temperature of the heating water flow
to and return from the heat exchanger (9).

The fan coil air conditioning system (1) of any one
of the preceding claims wherein the controller com-
prises a remote controller and a fan coil unit control-
ler, the remote controller being operative to form a
data connection with the or each fan coil unit con-
troller.

The fan coil air conditioning system (1) of any one
of claims 1 to 5 wherein the controller (20) comprises
a fan coil unit controller on the fan coil unit (3) itself.

The fan coil air conditioning system (1) of any one
of the preceding claims comprising a plurality of fan
coil units (3).

The fan coil air conditioning system (1) of claim 8
wherein each fan coil unit (3) is provided with a
unique identification, a signal indicative of the iden-
tification being provided to the controller (20).

A fan coil unit (3) comprising a heat exchanger (9),
at least one fan (19), a return air inlet (15) and a
conditioned air outlet (17) for connection to a condi-
tioned air delivery duct (5) in a building, the heat ex-
changer (9) comprising a cooling water connection
(11A) for connecting to a source of cooling water,
and a heating water connection (13A) for connecting
to a source of heating water, the cooling water con-
nection (11A) and the heating water connection
(13A) each being provided with a respective motor-
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ised regulating flow valve (21, 23), the fan (19) being
operative to draw air from the air inlet (15), through
the heat exchanger (9) to condition the temperature
of the air, the temperature being determined by the
flow of cooling or heating water through the heat ex-
changer (9), and to pump the conditioned air through
the conditioned air outlet (17), the fan coil unit (3)
further comprising an air temperature sensor oper-
ative to generate an air temperature signal indicative
of the temperature of the air returning to the fan coil
unit (3), and fluid temperature sensors (29) operative
to generate fluid temperature signals indicative of
the temperatures of the water at the heat exchanger
(9), the fan coil unit (3) further comprising a fan coil
controller (20) operative to receive the air tempera-
ture signal and the fluid temperature signal, and also
a duty signal indicative of the temperature and vol-
ume flow rate of the conditioned air required for the
conditioned air outlet (17) in question, the controller
(20) being operative to subsequently generate a
valve control signal to control the motorised flow
valves (21, 23) in dependence upon the fluid tem-
perature, air temperature and duty signals such that
the flow rate of cooling and/or heating fluid and the
flow rate of air through the heat exchanger (9), match
the conditioned air duty required.

The fan coil unit (3) of claim 10 wherein a humidity
sensor (32) is provided operative to generate a signal
indicative of the relative humidity of the air returning
to the fan coil unit (3).

An electronic controller (20) arranged to control the
fan coil air-conditioning system (1) of any one of
claims 1 to 10.

A method of controlling a fan coil air conditioning
system (1) comprising at least one fan coil unit (3),
the fan coil unit (3) comprising a heat exchanger (9),
at least one fan (19), a return air inlet (15) and a
conditioned air outlet (17) for connection to a condi-
tioned air delivery duct (5) in a building, the heat ex-
changer (9) comprising a cooling water connection
(11A) for connecting to a source of cooling water,
and a heating water connection (13A) for connecting
to a source of heating water, the cooling water con-
nection (11A) and the heating water connection
(13A) each being provided with a respective motor-
ised regulating flow valve (21, 23), the fan (19) being
operative to draw air from the air inlet (15), through
the heat exchanger (9) to condition the temperature
of the air, the temperature being determined by the
flow of cooling or heating water through the heat ex-
changer (9), and to pump the conditioned air through
the conditioned air outlet (17), the system (1) further
comprising an air temperature sensor operative to
generate an air temperature signal indicative of the
temperature of the returning to the fan coil unit (3),
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and fluid temperature sensors (29) operative to gen-
erate fluid temperature signals indicative of the tem-
perature of the fluids at the heat exchanger (9), the
system (1) further comprising a controller (20), the
method comprising steps of using the controller (20):

toreceive the air temperature signal and the fluid
temperature signals, and also a duty signal in-
dicative of the temperature and volume flow rate
of the conditioned air required for the condi-
tioned air outlet (17) in question, and

to subsequently generate a valve control signal
to control the motorised flow valves (21, 23) in
dependence upon the fluid temperature, air tem-
perature and duty signals such that the flow rate
of cooling and/or heating fluid and the flow rate
of air through the heat exchanger (9), match the
conditioned air duty required.

The method of claim 13 comprising steps of provid-
ing a humidity sensor (32), and generating a signal
indicative of the relative humidity of the air returning
to the fan coil unit (3).
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