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A thermal system for a marine vessel, such system installed in a marine vessel,
a marine vessel comprising the thermal system, a method of controlling a ther-

mal system, and a control device

The present invention relates to a thermal system for a marine vessel,
comprising: a thermal liquid circuit; a pump system for circulating a thermal
liquid in the thermal liquid circuit; a number of thermal consumers, said thermal
consumers being arranged in parallel in said thermal liquid circuit, and said
thermal consumers being arranged in series with respective Pressure Inde-
pendent Control Valves (PICVs); and a control device for controlling the pump
system. The invention further relates to a marine vessel comprising the thermal
system, a method of controlling a thermal system, and a control device.

In marine vessels or ships of a certain size thermal systems, such as
cooling systems of the above art are used to provide cooling for a number of
cooling consumers.

It should be noted that whereas cooling is the primary object of the
present invention, the invention may be used in connection with central heating
in marine vessels or ships as well.

Accordingly, the term “thermal” may herein be understood as either
“cooling” or “heating”.

Considering that in many cases approx. 20% of a ship’s production of
electric power is used for driving pumps, a reduction of a demand for pump
energy may provide for substantial energy saving in the operation of a marine
vessel or ship.

Thermal systems, especially cooling systems, use pumps to circulate
a thermal, especially cooling liquid, in a liquid circuit that may be widely
branched around the ship where e.g. cooling is need, i.e. where thermal or
cooling consumers are found.

For easy of explanation, in the following reference will be made to cool-

ing.
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Cooling consumers may include engines and other machine devices,
air conditioners, etc.

Whereas under some circumstances the cooling demand of different
consumers is relatively constant, under other circumstances the cooling de-
mand may e.g. be lower than usually, e.g. when an engine is running at only
partial load.

In a thermal or cooling system of the kind mentioned by way of intro-
duction the amount of thermal or cooling liquid circulated through a given con-
sumer is controlled by a PICV i.e. a Pressure Independent Control Valve. Such
valves are known in the art and generally comprise a pressure absorbing part
or mechanism, generally known as a differential pressure regulator, that will
absorb a part of a differential pressure applied to the valve whereby another
part of the valve is able to provide at least approximately an intended flow
through the valve in dependence of the residual of the differential pressure,
said residual being regulated by the pressure absorbing part of the valve. The
residual pressure may thus be held constant by means of the pressure absorb-
ing part of the valve.

A PICV demands a certain differential pressure to be applied to it in
order to be able to regulate the flow through it adequately.

Accordingly, in a thermal or cooling system of the prior art the pump
system is run at a level to ensure that throughout the thermal or cooling system
sufficient differential pressure is found.

However, since in many cases a large part of the differential pressure
thus provided is absorbed by the PIVCs in the system, running the pump sys-
tem at a default high level to ensure sufficient differential pressure throughout
the thermal or cooling system entails a great amount of loss of energy.

It is an object of the present invention to reduce such loss of energy.

In a first aspect, the object is obtained in a thermal system of the kind
mentioned by way of introduction, which is characterized by a differential pres-
sure sensor adapted to sense a differential pressure indicative for the differen-
tial pressure over a critical one of said Pressure Independent Control Valves,

whereby a signal from said differential pressure sensor is used by the control
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device as basis for controlling the pump system.

By the term “critical” in relation to the pressure independent control
valves (PICVs) should be understood a PICV in the thermal or cooling system
where the differential pressure is expected to be at risk of becoming too low if
the pump energy is lowered to a too low level.

By the expressions like “differential pressure over an element (e.g. a
valve)”, “differential pressure applied to an element (e.g. a valve)”, etc. should
be understood the difference between a pressure (immediately) upstream of
said element and a pressure (immediately) downstream of said element.

It should be understood that the demand for differential pressure of a
given PICV may be different from the demand for differential pressure of an-
other PICV which should be taken into consideration when selecting which
PICV to regard as the critical PICV in a given thermal or cooling system.

The differential pressure sensed or measured by the differential pres-
sure sensor may be the combined differential pressure over a thermal con-
sumer and the PICV attached to it. In such case the differential pressure meas-
ured is indicative for the differential pressure over the PICV: When the flow
resistance of the thermal client is known at least by an estimated value, based
on the measured differential pressure and the known or estimated value of the
flow resistance of the thermal consumer the differential pressure over the PICV
may be calculated or approximated as the indicated differential pressure.

In relation to the term “pump system” it should be noted that the pump
system may comprise a single pump or a higher number of pumps operating in
parallel or in series, as it is known in the art.

In an embodiment the thermal liquid is water, preferably fresh water.
Hereby “fresh water’ should be understood as opposed to the salty water in
which the marine vessel will usually be sailing. Thus, the term “fresh water”
should not be understood as excluding any additives, such as corrosion inhib-
itors, etc. that are usually added to the circulating liquid of a thermal or cooling
system.

In an embodiment each of the thermal consumers are arranged in se-

ries with a Pressure Independent Control Valve whereby the total amount of
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thermal liquid flow is controlled and balanced by the Pressure Independent
Control Valves. This provides for an excellent control of the flow of thermal or
cooling liquid throughout the system.

In an embodiment at least one first thermal consumer is arranged in
series with a controllable Pressure Independent Control Valve, and preferably
a pressure and/or temperature sensor is attached to said first thermal con-
sumer to provide a control signal to control the controllable Pressure Independ-
ent Control Valve. Controllable pressure independent control valves are as
such known in the art and may e.g. comprise a valve body the position of which
is controlled by a control element which per se may receive an input from e.g.
a temperature sensor whereby the control element adjusts the position of the
valve body to adjust the flow through the PICV and thus through the thermal or
cooling consumer attached to the PICV whereby the temperature sensed by
the sensor may be kept substantially constant or in accordance with a given
scheme. It is also possible that the control element receives an input from a
pressure sensor or the PICV may be controlled by an external signal, e.g. a
running signal from e.g. a motor or another external signal from individual con-
sumers that are in need of cooling or heating.

Controlling a controllable PICV on basis of temperature may be done
based on a temperature difference as an alternative or supplement to a specific
temperature. Thus the temperature difference across e.g. the respective con-
sumer may be measured to provide a temperature difference signal for control-
ling the controllable PICV. A measure of temperature for control, whether a
specific temperature or a temperature difference, may be obtained from the
thermal liquid proper or the measure may be obtained from a fluid of a second
side of a heat exchanger in which the thermal liquid of the thermal liquid circuit
is flowing on the first side of the heat exchanger.

Controlling a PICV based on temperature, whether a specific temper-
ature or a temperature difference, may be combined with controlling based on
€.g. a running signal. In such case it is possible to adjust the PICV to fully open
when receiving a running signal prior to receiving a temperature signal at start-

up of a piece of equipment, e.g. an engine as the respective consumer.
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Thereby may be avoided that the equipment is tripping due to too little cooling
due to a slow reaction from the temperature measurement from the cool-
ing/thermal liquid relative to the swift heat development at start-up of the equip-
ment.

In an embodiment a second thermal consumer comprises more minor
thermal consumers arranged in parallel and/or series for said minor thermal
consumers to be commonly arranged in series with a respective second Pres-
sure Independent Control Valve. Hereby the number of PICVs in the thermal
system may be reduced in comparison with a system in which every single
consumer is attached to its own PICV.

In an embodiment more differential pressure sensors are provided
adapted to sense respective differential pressures indicative for the differential
pressure over respective Pressure Independent Control Valves. Especially it is
foreseen that each PICV comprises or has attached a respective differential
pressure sensor. This may e.g. be appropriate in a thermal system where it is
difficult or impossible to determine which PICV is the critical PICV. This may
e.g. be the case in a thermal system in which certain thermal consumers are at
times shut down and in effect removed from the (active part of) the thermal
system. In such embodiment the control device for controlling the pump system
may be adapted to use the indicated differential pressure that is closest to the
differential pressure demanded for the respective Pressure Independent Con-
trol Valve as basis for controlling the pump system. Thus the control device
should have knowledge of the differential pressure demand of the PICVs for
which the differential pressure is measured, calculated, or indicated and com-
pare for each of these PICVs the differential pressure demand and the meas-
ure, calculated, or indicated differential pressure for the respective PICV to de-
termine for which PICV the difference between the measure, calculated, or in-
dicated differential pressure and the differential pressure demand is smallest
and then use the differential pressure over that PICV as basis for controlling
the pump system.

Pressure measurement may be incorporated in the PICV(s) through

built-in PT-plugs, or the like with permanently mounted pressure (difference)
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sensors. An output signal from such pressure sensors may be forwarded sep-
arately to the control device or it may be incorporated in an actuator of the PICV
to be forwarded therethrough to the control device. In this respect a communi-
cation network (MODBUS, etc.) may be used. Thus, the PICV(s) and/or their
respective actuator may constitute a network controlling the pump rate.

In an embodiment the thermal system further comprises: a central
thermal unit; a branch of the thermal liquid circuit passing through the central
thermal unit, a bypass of the thermal liquid circuit, bypassing the central thermal
unit; a 3-way valve controlling a rate of flow through said branch and flow
through said bypass; a temperature sensor measuring a flow temperature
downstream of said branch and said bypass; and a controller for controlling
said 3-way valve in responds to a signal from the temperature sensor. The
central thermal unit may provide cooler or hotter thermal liquid depending on
whether the thermal system is a cooling system or a heating system, and by
means of the 3-way valve liquid from the central thermal unit may be mixed into
the thermal liquid flowing in the thermal liquid circuit to obtain an intended flow
temperature in the thermal liquid circuit.

In another embodiment the thermal system further comprises: a cen-
tral thermal unit; the central thermal unit comprising a heat exchanger with
primary side and a secondary side, the primary side being part of the thermal
liquid circuit of the thermal system, the secondary side of the central thermal
unit being fed with a second thermal liquid by a heat exchanger pump system;
a branch of the thermal liquid circuit passing through the central thermal unit; a
bypass of the thermal liquid circuit, bypassing the central thermal unit, a 3-way
valve controlling a rate of flow through said branch and flow through said by-
pass; a temperature sensor measuring a flow temperature downstream of said
branch and said bypass; and a controller for controlling the heat exchanger
pump system in responds to a signal from the temperature sensor. In this em-
bodiment the central thermal unit may provide cooler or hotter thermal liquid
depending on whether the thermal system is a cooling system or a heating
system, and by adjusting the energy provided for the heat exchanger pump

system and thus adjusting the level of operation of the heat exchanger pump
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system, the amount of heat transferred in the heat exchanger may be adjusted
thereby adjusting the flow temperature in the thermal liquid circuit to approxi-
mate an intended flow temperature in the thermal liquid circuit.

In a further embodiment the controller is adapted to control also said
3-way valve in responds to at least a signal from the temperature sensor.
Hereby it is possible to e.g. reduce the amount of cooling or heating introduced
into the thermal liquid circuit relative to a minimum amount that the central ther-
mal unit is capable of delivering.

In a second aspect the object is obtained by a marine vessel compris-
ing a thermal system according to the present invention.

In a third aspect, the invention is obtained by a method of controlling
a thermal system according to the present invention as outlined above, com-
prising: circulating a thermal liquid in the thermal liquid circuit by means of the
pump system; obtaining a signal from the differential pressure sensor indicating
the differential pressure over the critical one of said Pressure Independent Con-
trol Valves; adjusting the power of the pump system to obtain a signal of a value
within an intended range from the differential pressure sensor. This may result
in a reduction of loss of energy.

In an embodiment, whereby the thermal system comprises more dif-
ferential pressure sensors adapted to sense respective differential pressures
indicative for the differential pressure over respective Pressure Independent
Control Valves, the method comprises determining for each of the differential
pressure sensors a required minimum value of the signal provided by the re-
spective differential pressure sensors, and adjusting the power of the pump
system in dependence of the signal of the one of the differential pressure sen-
sors providing the signal of the lowest value relative to the respective required
minimum value. In such embodiment, the control device for controlling the
pump system may be adapted to use the indicated differential pressure that is
closest to the differential pressure demanded for the respective Pressure Inde-
pendent Control Valve as basis for controlling the pump system. Thus, the con-
trol device should have knowledge of the differential pressure demand of the

PICVs for which the differential pressure is measured, calculated, or indicated
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and compare for each of these PICVs the differential pressure demand and the
measure, calculated, or indicated differential pressure for the respective PICV
to determine for which PICV the difference between the measure, calculated,
or indicated differential pressure and the differential pressure demand is small-
est and then use the differential pressure over that PICV as basis for controlling
the pump system.

In an embodiment, whereby the at least one first thermal consumer is
arranged in series with a controllable Pressure Independent Control Valve, and
a pressure and/or temperature sensor is attached to said first thermal con-
sumer, the method comprises obtaining a control signal from the pressure
and/or temperature sensor and adjusting said controllable Pressure Independ-
ent Control Valve in dependence of the control signal from said pressure and/or
temperature sensor. In such embodiment, the temperature sensed by the sen-
sor may be kept substantially constant or in accordance with a given scheme.

In an embodiment, whereby the thermal system comprises: a central
thermal unit; a branch of the thermal liquid circuit passing through the central
thermal unit; a bypass of the thermal liquid circuit, bypassing the central thermal
unit; a 3-way valve controlling a rate of flow through said branch and flow
through said bypass; and a temperature sensor measuring a flow temperature
downstream of said branch and said bypass, the method comprises obtaining
a temperature signal from said temperature sensor and controlling said 3-way
valve in responds to the temperature signal from the temperature sensor. The
central thermal unit may provide cooler or hotter thermal liquid depending on
whether the thermal system is a cooling system or a heating system, and by
means of the 3-way valve liquid from the central thermal unit may be mixed into
the thermal liquid flowing in the thermal liquid circuit to obtain an intended flow
temperature in the thermal liquid circuit.

In an embodiment, whereby the thermal system comprises: a central
thermal unit; the central thermal unit comprising a heat exchanger with primary
side and a secondary side, the primary side being part of the thermal liquid
circuit of the thermal system, the secondary side of the central thermal unit

being fed with a second thermal liquid by a heat exchanger pump system; a
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branch of the thermal liquid circuit passing through the central thermal unit; a
bypass of the thermal liquid circuit, bypassing the central thermal unit; a 3-way
valve controlling a rate of flow through said branch and flow through said by-
pass; and a temperature sensor measuring a flow temperature downstream of
said branch and said bypass, the method comprises obtaining a temperature
signal from said temperature sensor and controlling the heat exchanger pump
system in responds to said signal from said temperature sensor. In this embod-
iment, the central thermal unit may provide cooler or hotter thermal liquid de-
pending on whether the thermal system is a cooling system or a heating sys-
tem, and by adjusting the energy provided for the heat exchanger pump system
and thus adjusting the level of operation of the heat exchanger pump system,
the amount of heat transferred in the heat exchanger may be adjusted thereby
adjusting the flow temperature in the thermal liquid circuit to approximate an
intended flow temperature in the thermal liquid circuit.

In a further aspect, the invention comprises a control device for a ther-
mal system, said control device being adapted to perform the method described
above.

Embodiments and advantages described with reference to one aspect

of the invention also applies to the other unless otherwise stated.

In the following the invention will be explained in further detail by
means of an example of an embodiment having reference to the schematic
drawing in which

Fig. 1 shows a diagram of a cooling system according to the present
invention;

Fig. 1a shows a diagram of an alternative embodiment of a cooling
system according to the present invention; and

Fig. 2 illustrates the characteristics of a PICV in a pressure/flow re-
gime.

Fig. 1 illustrates a thermal system, especially cooling system, installed
in a marine vessel.

The system comprises a cooling liquid circuit 10; a pump system 11,
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in the present example represented by a single pump signature, for circulating
a cooling liquid in the cooling liquid circuit 10; a number of cooling consumers
20, said cooling consumers 20 being arranged in parallel in said cooling liquid
circuit 10, and said cooling consumers 20 being arranged in series with respec-
tive Pressure Independent Control Valves (PICVs) 30; and a control device 12
for controlling the pump system 11.

The system further comprises a differential pressure sensor 13
adapted to sense a differential pressure indicative for the differential pressure
over a critical one 30.1a of said Pressure Independent Control Valves 30.

The cooling liquid circulated in the cooling liquid circuit 10 is, in the
present embodiment fresh water with usual additives to prevent corrosion, etc.

In the present embodiment each of the cooling consumers 20 are ar-
ranged in series with a Pressure Independent Control Valve 30 whereby the
total amount of cooling liquid flow is controlled and balanced by the Pressure
Independent Control Valves 30.

A group of first cooling consumers 20.1 are respectively arranged in
series with a controllable first Pressure Independent Control Valve 30.1. A pres-
sure and/or temperature sensor 20.11 is respectively attached to each first
cooling consumer 20.1 to provide a control signal to control the controllable first
Pressure Independent Control Valve 30.1.

In the present embodiment, a second cooling consumer 20.2 com-
prises more (two in the example indicated) minor cooling consumers 20.2a ar-
ranged in parallel for said minor cooling consumers to be commonly arranged
in series with a respective second Pressure Independent Control Valve 30.2.

In the present embodiment, a group of third cooling consumers 20.3,
respectively in series with a third Pressure Independent Control Valve 30.3, is
commonly arranged in series with a fourth cooling consumer 20.3a having a
less demand for low cooling water temperature. The flow through the fourth
cooling consumer 20.3a is thus the total of the combined flow through the third
cooling consumers 20.3.

The cooling system further comprises a central cooling unit 40.

A branch 10.1 of the cooling liquid circuit is passing through the central
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cooling unit 40 and a bypass 10.2 of the cooling liquid circuit 10 is bypassing
the central cooling unit 40. A 3-way valve 10.3 is controlling a rate of the flow
through the branch 10.1 and the flow through the bypass 10.2. A temperature
sensor 10.4 is measuring a flow temperature downstream of the branch 10.1
and the bypass 10.2. A controller 10.5 is provided for controlling the 3-way
valve 10.3 in responds to a signal from the temperature sensor 10.4.

The central cooling unit 40 provides cooler cooling liquid relative to the
cooling liquid circulating in the cooling liquid circuit 10, and especially relative
to the cooling liquid entering the 3-way valve 10.3, and by the means of the 3-
way valve 10.3 the cooler liquid from the central cooling unit 40 may be mixed
into the cooling liquid flowing in the cooling liquid circuit 10 to obtain an intended
flow temperature in the cooling liquid circuit 10 as measured by the temperature
sensor 10.4.

The central cooling unit 40 comprises a heat exchanger 40.1 with a
primary side 40.1a and a secondary side 40.1b. The primary side 40.1a is part
of the cooling liquid circuit 10 of the cooling system. The secondary side 40.1b
of the central cooling unit 40 is being fed with a second thermal liquid by a heat
exchanger pump system 40.2. The second thermal liquid is in the embodiment
shown seawater taken in through a seawater inlet 40.3 from the surrounding
seawater, through which the vessel is sailing, to be circulated by the heat ex-
changer pump system 40.2 through the secondary side 40.1b of the heat ex-
changer 40.1, and to be expelled back into the surrounding seawater through
a seawater discharge 40.4.

In an embodiment, a controller, e.g. the control device 12, is adapted
for controlling the heat exchanger pump system 40.2 in responds to a signal
from the temperature sensor 10.4.

In such embodiment the central cooling unit 40 may provide for cooling
the entire amount of water circulated in the cooling liquid circuit by adjusting
the 3-way valve 10.3 to pass all water through the heat exchanger 40.1 shutting
off the bypass 10.2. By adjusting the energy provided for the heat exchanger
pump system 40.2 and thus adjusting the level of operation of the heat ex-

changer pump system 40.2, the amount of heat transferred in the heat
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exchanger may be adjusted thereby adjusting the flow temperature in the ther-
mal liquid circuit to approximate an intended flow temperature as indicated by
the temperature sensor 10.4.

Further in such embodiment, the control device 12 may be adapted to
control also the 3-way valve 10.3 or to activate the controller 10.5 in responds
to at least a signal from the temperature sensor 10.4. Hereby it is possible to
e.g. reduce the amount of cooling introduced into the thermal liquid circuit 10
relative to a minimum amount that the central thermal unit 40 is capable of

delivering.

As indicated above, the cooling consumers 20 are respectively ar-
ranged in series with a Pressure Independent Control Valve 30 whereby the
flow of cooling liquid in the cooling liquid circuit 10 is controlled and balanced
by the Pressure Independent Control Valves 30.

The Pressure Independent Control Valves 30 respectively need a cer-
tain minimum differential pressure in order to be able to control flow as intended
for the respective Pressure Independent Control Valves 30. This differential
pressure is provided throughout the cooling liquid circuit 10 by the pump system
11.

In order to reduce the power supplied to the pump system 11 to a min-
imum securing a sufficient differential pressure throughout the cooling liquid
circuit 10, an indication of the differential pressure applied to the critical Pres-
sure Independent Control Valve 30.1a is obtained by means of the differential
pressure sensor 13, and the pump system 11 is adjusted by the control device
12 in accordance with said indication of the differential pressure applied to the
critical Pressure Independent Control Valve 30.1a. Hereby considerable en-
ergy saving is obtained compared to a system in which a pump system is run
constantly at a default power.

In Fig. 1a, an alternative embodiment is shown, where, as exemplified
by a differential pressure sensors 13a, more differential pressure sensors are
provided adapted to sense respective differential pressures indicative for the

differential pressure over respective Pressure Independent Control Valves 30,
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and the control device 12 for controlling the pump system 11 is adapted to use
the indicated differential pressure that is closest to the differential pressure de-
manded for the respective Pressure Independent Control Valve as basis for
controlling the pump system. Especially it is foreseen that each Pressure Inde-
pendent Control Valve 30 comprises or has attached a respective differential
pressure sensor.

Fig. 2 illustrates how a generally constant flow is provided by the re-
spective Pressure Independent Control Valves 30 in the cooling liquid circuit
10 (assuming that all of the Pressure Independent Control Valves 30 are in-
tended to provide the same flow). Pmin indicates the minimum differential pres-
sured required by the critical Pressure Independent Control Valves 30.1a. The
pump system 11 is adjusted to run at a speed providing the pressure P at the
critical Pressure Independent Control Valves 30.1a as indicated by the differ-
ential pressure sensor 13. Due to general pressure loss in the cooling liquid
circuit 10 the lowest differential pressure will be in the vicinity of the critical
Pressure Independent Control Valves 30.1a and throughout the rest of the cool-
ing liquid circuit 10 higher differential pressures will be present as indicated in
Fig. 2 by Psyst. The differential pressure regulators of the respective Pressure
Independent Control Valves 30 will absorb the superfluous pressure at the re-
spective Pressure Independent Control Valve 30 for said valve to provide the
intended flow as indicated in Fig. 2, as it will be well-known to the person skilled
in the art.
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PATENT CLAI MS

1. A thermal system for a marine vessel, comprising:

a thermal liquid circuit (10);

a pump system (11) for circulating a thermal liquid in the thermal liquid
circuit (10);

a number of thermal consumers (20), said thermal consumers (20) be-
ing arranged in parallel in said thermal liquid circuit (10), and said thermal con-
sumers (20) being arranged in series with respective Pressure Independent
Control Valves (PICVs) (30); and

a control device (12) for controlling the pump system (11), charac-
terized by

a differential pressure sensor (13) adapted to sense a differential pres-
sure indicative for the differential pressure over a critical one of said Pressure
Independent Control Valves (30.1a), whereby a signal from said differential
pressure sensor (13) is used by the control device (12) as basis for controlling
the pump system.

2. A thermal system according to claim 1, wherein the thermal liquid is
water, preferably fresh water.

3. A thermal system according to claim 1 or 2, wherein each of the
thermal consumers (20.1, 20.2, 20.3, 20.3a) are arranged in series with a Pres-
sure Independent Control Valve (30.1, 30.1a, 30.2, 30.3) whereby the total
amount of thermal liquid flow is controlled and balanced by the Pressure Inde-
pendent Control Valves (30.1, 30.1a, 30.2, 30.3).

4. A thermal system according to any one of claims 1 to 3, wherein at
least one first thermal consumer (20.1) is arranged in series with a controllable
Pressure Independent Control Valve (30.1, 30.1a), and preferably a pressure
and/or temperature sensor (20.11) is attached to said first thermal consumer
(20.1) to provide a control signal to control the controllable Pressure Independ-
ent Control Valve (30.1, 30.1a).

5. A thermal system according to any one of claim 1 to 4, wherein a
second thermal consumer (20.2) comprises more minor thermal consumers
(20.2a,20.2b) arranged in parallel and/or series for said minor thermal consum-

ers (20.2a,20.2b) to be commonly arranged in series with a respective second
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Pressure Independent Control Valve (30.2).

6. A thermal system according to any one of claims 1 to 5, wherein
more differential pressure sensors (13, 13a) are provided adapted to sense
respective differential pressures indicative for the differential pressure over re-
spective Pressure Independent Control Valves, and wherein preferably the
control device for controlling the pump system is adapted to use the indicated
differential pressure that is closest to the differential pressure demanded for the
respective Pressure Independent Control Valve as basis for controlling the
pump system.

7. A thermal system according to any one of claims 1 to 6, further com-
prising:

a central thermal unit (40);

a branch (10.1) of the thermal liquid circuit (10) passing through the
central thermal unit (40);

a bypass (10.2) of the thermal liquid circuit (10), bypassing the central
thermal unit (40);

a 3-way valve (10.3) controlling a rate of flow through said branch
(10.1) and flow through said bypass (10.2);

a temperature sensor (10.4) measuring a flow temperature down-
stream of said branch (10.1) and said bypass (10.2); and

a controller (10.5) for controlling said 3-way valve (10.3) in response
to a signal from the temperature sensor (10.4).

8. A thermal system according to any one of claims 1 to 6, further com-
prising:

a central thermal unit (40);

the central thermal unit (40) comprising a heat exchanger (40.1) with
a primary side (40.1a) and a secondary side (40.1b), the primary side (40.1a)
being part of the thermal liquid circuit (10) of the thermal system, the secondary
side (40.1b) of the central thermal unit (40) being fed with a second thermal
liquid by a heat exchanger pump system (40.2);

a branch (10.1) of the thermal liquid circuit (10) passing through the

central thermal unit (40);
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a bypass (10.2) of the thermal liquid circuit (10), bypassing the central
thermal unit (40);

a 3-way valve (10.3) controlling a rate of flow through said branch
(10.1) and flow through said bypass (10.2);

a temperature sensor (10.4) measuring a flow temperature down-
stream of said branch (10.1) and said bypass (10.2); and

a controller (12) for controlling the heat exchanger pump system (40.2)
in response to a signal from the temperature sensor (10.4).

9. A thermal system according to claim 8, wherein the controller (12)
is adapted to control also said 3-way valve (10.3) in response to at least a signal
from the temperature sensor (10.4).

10. A thermal system according to any one of claims 1 to 9 wherein
the thermal system is a cooling system.

11. A thermal system according to any one of claims 1 to 10, wherein
said thermal system is installed in a marine vessel.

12. A marine vessel comprising a thermal system according to any one
of claims 1 to 11.

13. A method of controlling a thermal system according to any one of
claims 1 to 11, comprising:

circulating a thermal liquid in the thermal liquid circuit (10) by means
of the pump system (11);

obtaining a signal from the differential pressure sensor (13) indicating
the differential pressure over the critical one of said Pressure Independent Con-
trol Valves (30.1a);

adjusting the power of the pump system (11) to obtain a signal of a
value within an intended range from the differential pressure sensor (13).

14. A method according to claim 13, wherein the thermal system com-
prises more differential pressure sensors (13, 13a) adapted to sense respective
differential pressures indicative for the differential pressure over respective
Pressure Independent Control Valves (30), the method comprising determining
for each of the differential pressure sensors a required minimum value of the

signal provided by the respective differential pressure sensors, and adjusting



10

15

20

25

30

17

the power of the pump system in dependence of the signal of the one of the
differential pressure sensors providing the signal of the lowest value relative to
the respective required minimum value.

15. A method according to claim 13 or 14, wherein at least one first
thermal consumer (20.1) is arranged in series with a controllable Pressure In-
dependent Control Valve (30.1, 30.1a), and a pressure and/or temperature sen-
sor (20.11) is attached to said first thermal consumer (201), the method com-
prising obtaining a control signal from the pressure and/or temperature sensor
(20.11) and adjusting said controllable Pressure Independent Control Valve
(30.1, 30.1a) in dependence of the control signal from said pressure and/or
temperature sensor (20.11).

16. A method according to any one of claims 13 to 15, wherein the
thermal system comprises:

a central thermal unit (40);

a branch (10.1) of the thermal liquid circuit (10) passing through the
central thermal unit (40);

a bypass (10.2) of the thermal liquid circuit (10), bypassing the central
thermal unit (40);

a 3-way valve (10.3) controlling a rate of flow through said branch
(10.1) and flow through said bypass (10.2); and

a temperature sensor (10.4) measuring a flow temperature down-
stream of said branch (10.1) and said bypass (10.2),

the method comprising obtaining a temperature signal from said tem-
perature sensor (10.4) and controlling said 3-way valve (10.3) in response to
the temperature signal from the temperature sensor (10.4).

17. A method according to any one of claims 13 to 16, wherein the
thermal system comprises:

a central thermal unit (40);

the central thermal unit (40) comprising a heat exchanger (40.1) with
primary side (40.1a) and a secondary side (40.1b), the primary side (40.1a)
being part of the thermal liquid circuit (10) of the thermal system, the secondary

side (40.1b) of the central thermal unit (40) being fed with a second thermal
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liquid by a heat exchanger pump system (40.2);

a branch (10.1) of the thermal liquid circuit (10) passing through the
central thermal unit (40);

a bypass (10.2) of the thermal liquid circuit (10), bypassing the central
thermal unit (40);

a 3-way valve (10.3) controlling a rate of flow through said branch
(10.1) and flow through said bypass (10.2); and

a temperature sensor (10.4) measuring a flow temperature down-
stream of said branch (10.1) and said bypass (10.2),

the method comprising obtaining a temperature signal from said tem-
perature sensor (10.4) and controlling the heat exchanger pump system (40.2)
in response to said signal from said temperature sensor (10.4).

18. A control device (10.5, 12) for a thermal system according to any
one of claims 1 to 11, said control device being adapted to perform the method

according to any one of claims 13 to 17.



