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Flow control module and method for controlling the flow in a hydronic

system

Description

TECHNICAL FIELD

[01] The present disclosure is directed to a flow control module and a
method for controlling the flow in a hydronic system, in particular for use

in a heating, ventilating, and air-conditioning (HVAC) system of a build-

ing.

BACKGROUND

[02] Typically, hydronic systems are designed to operate at a design
temperature differential (AT) between a primary loop comprising ther-
mal power source, e.g. a heater, a chiller, a heat exchanger and/or a
common line coupling, and a secondary loop comprising a thermal
power consuming load, e.g. a radiator and/or an air handling unit
(AHU). It is known that hydronic systems may suffer from an undesirable
effect known as the “low AT syndrome”. For a variety of reasons such as
dirty chiller coils or system components not designed for the same tem-
perature differential, the actual temperature differential may fall below
the design temperature differential, which leads to a less energy-

efficient operation of the hydronic system.

[03] US 8,774,978 B2 describes a water cooling system with a primary
loop, a secondary loop and an intermediary decoupler or bypass con-
necting the primary loop and the secondary loop. Therein, the prob-

lems of the low AT syndrome are tackled by a demand flow device per-
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forming an event-based triggered re-adjustment of the new tempera-

ture differential supply setpoint.

SUMMARY

[04] The flow control module according to the present disclosure pro-
vides a more efficient and stable solution to the low AT syndrome. For
instance, new switched-in components replacing or supplementing
other components of a hydronic system may result in a new design
temperature differential that is not known or difficult to determine or
estimate. The flow confrol module disclosed herein allows an efficient
and stable operation of a hydronic system with an unknown, undefined
or varying design temperature differential. The flow control module dis-
closed herein enables a contfinuous or regular adaptation of the cur-
rent thermal power supply to the current thermal power demand and

vice versa without controlling a temperature differential supply sefpoint.

[05] According to a first aspect of the present disclosure, a flow con-
trol module for controlling the flow in a hydronic system is provided,
wherein the hydronic system comprises

- a primary side with a first port in fluid connection with an output of
at least one source element, a second port in fluid connection
with an input of at least one source element, and at least one
controllable primary side flow actuator for providing a primary
side flow,

- a secondary side with a third port in fluid connection with an input
of at least one load element, a fourth port in fluid connection with
an output of at least one load element, and at least one control-
lable secondary side flow actuator for providing a secondary side
flow, and

- an intermediary transfer element between the primary side and

the secondary side, wherein the intermediary transfer element is in
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fluid connection with the first port, the second port, the third port

and the fourth port.
Said flow control module is configured to calibrate a measurement of a
first temperature differential between a temperature at the first port
and a temperature at the third port in a first situation when the primary
side flow exceeds the secondary side flow, and in that the flow conftrol
module is configured to calibrate a measurement of a second temper-
ature differential between a temperature at the fourth port and a tem-
perature at the second port in a second situation when the secondary

side flow exceeds the primary side flow.

[06] The temperature measurement is thus automatically calibrated
“online” when the first and/or second situation arises. The term “cali-
brate” herein shall mean herein that a non-zero value based on a
measurement in the first and/or second situation is used as an offset
value to correct further measurements. In the first and/or second situa-
tion, the non-zero value must in fact be zero, so that it can be assumed
that any non-zero value in the first and/or second situation is entirely
based on sensor inaccuracies. Therefore, the non-zero value is “set” to
zero by subtracting the non-zero value as an offset value for further
measurements. Preferably, the calibration is automatically repeated
every time the first and/or second situation arises. Alternatively, the cal-
ibration may be manually or automatically repeated periodically, e.g.
only once a day or once a week, when the first and/or second situation

arises.

[07] Optionally, the flow control module may be configured to force
the hydronic system, for calibration purposes, into the first situation
and/or second situation by controlling the primary side flow actuator
and/or the secondary side flow actuator. For instance, a primary side
pump may be ramped up while the secondary side pump may be

ramped down in order to establish a significant imbalance between
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the flow in the primary side compared to the secondary side. Alterna-
tively, or in addition, a secondary side valve in the secondary side may

be closed.

[08] Optionally, the flow control module may be configured to identi-
fy the first situation and/or the second situation by comparing the first

temperature differential with the second temperature differential.

[09] Optionally, the flow control module may be configured to identi-
fy the first situation and/or the second situation when a certain pre-
defined threshold on the absolute value of a signed deviation value
between the first temperature differential and the second temperature

differential is exceeded.

[10] Optionally, the flow control module may be configured to adapt
the thermal power transfer of the intfermediary transfer element by con-
trolling the primary side flow by means of the at least one controllable
primary side flow actuator and/or the secondary side flow by means of
the at least one controllable secondary side flow actuator in a contin-
uous or regularly closed-loop manner based on minimising a signed
deviation value being correlated with the thermal power transfer of the

intermediary transfer element.

[11] The term “thermal power” Q may be defined hereinas Q =p-c-
q - T, wherein p is the fluid density, ¢ is the heat capacity of the fluid, g is
the flow and the T is the temperature of the fluid. The term “thermal
power transfer” by fluid flowing from a port A to a port B may be de-
fined herein as a dimensionless variable Qs/Qa ranging from 0 to 1,
wherein Qa is the thermal power at port A and Qg is the thermal power

at port B.
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[12] Optionally, the thermal power transfer of the intermediary trans-
fer element from the first port to the second port and/or the thermal
power transfer of the intermediary transfer element from the fourth port
to the third port may be minimised by this confinuous or regularly
closed-loop conftrol of the flow(s). Optionally, the thermal power trans-
fer from the first port to the third port and/or the thermal power fransfer
from the fourth port to the second port may be maximised by this con-
tinuous or regularly closed-loop control of the flow(s). The controllable
primary/secondary side flow actuator may for instance be a speed-
confrollable pump or a combination of a fixed-speed pump with a
controllable valve. Controlling the primary/secondary side flow may
thus comprise controlling the speed of a primary/secondary side pump
and/or the opening degree of a primary/secondary side valve. As al-
ternatives to controling a pump speed, the power consumption, the
stator flux and/or stator current of the pump’s electric motor may be
conftrolled to control the flow(s). It should be understood that the hy-
dronic system may comprise a group of two or more intermediary trans-

fer elements.

[13] The hydronic system may be a heating and/or cooling system.
The source element may be a heater, a chiller, a heat exchanger
and/or a common line coupling consuming chemical, thermal, me-
chanical or electrical energy for providing thermal power to the prima-
ry side of the hydronic system. The load element may be a fan coil unit
(FCU), an air handling unit (AHU), an anti-condensate baffle (ACB), a
ceiling cooling, a radiator, an underfloor heating, or the like, consuming
thermal power at the secondary side of the hydronic system for provid-
ing it to a place or object in need for thermal power, i.e. heating or

cooling.

[14] The intermediary transfer element may be a common line, also

known as “decoupler”, decoupling the flow in the primary side from the
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flow in the secondary side. For instance, when a load valve (e.g. a ro-
diator thermostat) in the secondary side may be closed due to low
demand for thermal power, a flow in the primary side may confinue
through the common line. The common line may also be denoted as
“bypass” or “shunt”, because the flow in the primary side is able to by-
pass a load element in the secondary side via the common line. An-
other name for the common line is “close Tees”, because the schemao-
tic representation of the common line may resemble two letters “T" be-
ing connected with their legs. One end of the common line may be a
first T-connection connecting the first and the third port, and the other
end of the common line may be a second T-connection connecting
the fourth and the second port. Opftionally, the intermediary fransfer
element may be a heat exchanger thermally coupling the primary side
and the secondary side in a parallel flow or counter flow configuration.
Optionally, the intermediary transfer element may be a hydraulic sepa-
rator or a tank. A hydraulic separator or a tank may be regarded as a
wide common line with heat exchanger functionality. In case of a
common line, a hydraulic separator or a tank, the pressure of the pri-
mary side may be decoupled from the pressure in the secondary side
by means of pressure valves. In case of a heat exchanger, the primary
side and the secondary side may be fully decoupled in terms of pres-
sure without the need of decoupling pressure valves. As the fluid in the
primary side does not mix in the heat exchanger with the fluid of the
secondary side, different fluids may be used in the primary side and in
the secondary side. However, most preferably, water is used as the fluid

in both the primary side and the secondary side.

[15] The term “closed-loop control” shall mean that the signed devia-
tion value is used as a feedback value to be minimised by adapting
the flow(s). The signed deviation value is correlated with the thermal
power transfer of the intermediary transfer element and influenced by

the flow(s). The flow control module may thus be denoted as a feed-
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back conftroller. The signed deviation value may be received and/or
determined by the flow confrol module based on one or more meas-
ured variables. The closed-loop control is not event-triggered, but es-
senfially continuous or regularly, which means that, also during “stable”
operation of the hydronic system, the flow confrol module receives
and/or determines essentially continuously or regularly the signed devi-
ation value and adapfts essentially continuously or regularly the flow(s)
accordingly. The flow(s) may stabilise when the signed deviation value

is close to or at a minimum.

[16] The closed-loop control of the flow(s) on the basis of the signed
deviation value as feedback thus reduces or prevents the negative
effects of the low AT syndrome very efficiently. No event-based recali-
bration to a new design temperature differential is needed. As the
signed deviation value is correlated with the thermal power fransfer of
the intermediary transfer element, the closed-loop control quickly
adapts the flow(s) so that a low AT syndrome does not establish in the
first place. The flow control module disclosed herein allows the design
temperature differential of the hydronic system to be unknown or unde-
fined. For instance, a new component configured for an unknown or
other design temperature differential than the hydronic system may be
installed in the hydronic system without causing a low AT syndrome. This
gives far more flexibility for maintaining and/or extending the hydronic
system by replacing or adding components. Furthermore, the current
thermal power supply is adapted to the current thermal power de-
mand and vice versa without controling a temperature differential

supply setpoint.

[17] Optionally, the signed deviation value may be a difference be-
tween a first differential and a second differential, wherein the first dif-
ferential is a differential between any two measured variables of a

group of four variables and the second differential is a differential be-
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tween the other two measured variables of said group of four variables,
wherein the group of four variables comprises a first variable of fluid
flowing through the first port, a second variable of fluid flowing through
the second port, a third variable of fluid flowing through the third port,
and a fourth variable of fluid flowing through the fourth port. Optionally,
the first variable may be the temperature T1 and/or pressure p1 of fluid
flowing through the first port, the second variable may be the tempera-
ture T2 and/or pressure p2 of fluid flowing through the second port, the
third variable may be the temperature Ts and/or pressure ps of fluid
flowing through the third port, and the fourth variable may be the tem-

perature T4 and/or pressure p4 of fluid flowing through the fourth port.

[18] The first differential may for instance be ATi=Ti-T4 or ATi=Ti-T3 or
AT1=Ts-T4, and the second differential may for instance be AT>=Tz-T; or
AT2=T2-T4 or AT2=Ti-Tz, respectively. Analogously, in case of a common
line as the intermediary transfer element, the first differential may for
instance be Api1=p1-p4 or Ap1=p1-ps or Ap1=ps-p4, and the second differ-
entfial may for instance be Ap2=ps3-p2 or Ap2=pP2-P4+ Or AP2=P1-P2, respec-
tively. In case of a heat exchanger as the intermediary transfer ele-
ment, the primary side pressure is fully decoupled from the secondary
side pressure, wherein the first differential may for instance be Api1=pi-p2
and the second differential may for instance be Ap2=ps-p4. The signed

deviation value may be AAT=AT2-ATi or AAp=Ap2-Ap1.

[19] The thermal transfer between the first port and the third port
and/or the thermal transfer between the fourth port and the second
port may be denoted as a thermal transfer “across” the intermediary
transfer element, whereas the thermal transfer between the first port
and the second/fourth port and/or the thermal transfer between the
fourth port and the first/third port may be denoted as a thermal transfer
“along” the intermediary transfer element. By adapting the flow(s), the

thermal transfer across the infermediary transfer element may be max-
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imised, whereas the thermal transfer along the intermediary transfer
element may be minimised. The signed deviation value AAT and/or AAp
may be correlated with the thermal transfer along the intermediary

tfransfer element.

[20] In case of a common line as the intermediary transfer element, a
negative deviation value AAT and/or AAp may be representative for a
flow along the common line from the fourth port to the third port. Such
a “negative” flow is undesirable, because the “temperature lift" bet-
ween the first port and third port would be reduced, resulting in an ag-
gravation of a low AT syndrome. Analogously, a positive deviation value
AAT and/or AAp may be representative for a flow along the common
line from the first port to the second port. Such a “positive” flow is also
undesirable, because the thermal capacity of the primary side is not

fully used.

[21] In case of a very efficient heat exchanger as the intermediary
transfer element, a negative deviation value AAT and/or AAp may be
representative for a lack of thermal transfer across the heat exchanger
from the first port to the third port. This is undesirable, because the
“temperature lift” between the first port and third port would be re-
duced, resulting in an aggravation of a low AT syndrome. Analogously,
a positive deviation value AAT and/or AAp may be representative for an
abundance of thermal transfer along the heat exchanger from the first
port to the second port. Such a thermal transfer is also undesirable, be-

cause the thermal capacity of the primary side is not fully used.

[22] Optionally, the signed deviation value may be a difference bet-
ween a measured or determined flow g in a common line as the inter-
mediary transfer element and a pre-determined common line refer-
ence flow, preferably a zero common line flow. For instance, a flow me-

ter in the common line may provide a measured flow variable qg. Alter-
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natively or in addition, the flow in the common line may be determined
by a pressure differential along the common line. For instance, a first
pressure sensor may be placed between the first port and the third port
and a second pressure sensor may be placed between the second
port and the fourth port. After a calibration of the pressure differential
between the two pressure sensors for zero flow, the pressure differential
may be used as the signed deviation value. The primary/secondary
flow(s) may be adapted to keep the flow in the common line to a min-
imum. There is no need for a check valve preventing a negative flow g

from the fourth port to the third port.

[23] Optionally, the signed deviation value may be a difference be-
tween a flow differential in a heat exchanger as the intermediary trans-
fer element and a pre-determined reference heat exchanger differen-
tial flow, preferably a zero heat exchanger differential flow. For in-
stance, a first flow meter in the primary side a may provide a first meas-
ured flow variable g1 and a second flow meter in the secondary side a
may provide a second measured flow variable g2, wherein the signed
deviation value may be a flow differential Ag=ql-g2. The prima-
ry/secondary flow(s) may be adapted to keep the flow differential Ag

to a minimum.

[24] Optionally, the flow control module may be configured to main-
tain a current primary side flow if the signed deviation value is between
a negative reference value and a positive reference value, preferably
essentially zero. The negative reference value and a positive reference
value may be predetermined low values between which the thermal
power transfer along the intermediary transfer element is sufficiently
small, i.e. the thermal power transfer across the intermediary transfer
element is sufficiently large. This situation may be regarded as a stable
operation with the current primary side flow. The current secondary side

flow may also be maintained. However, other control schemes, such as



20

25

30

a building management system, a radiator thermostat or a manual
AHU switch may open/close one or more load valves indicating a
higher/lower demand for thermal power at a load element. Such other
control schemes may command a higher/lower secondary side flow.
For instance, an internal automatic pump controller of a secondary
side pump may establish a corresponding target pressure/flow by in-
creasing/decreasing the speed of the secondary side pump. Despite of
a high thermal power demand, the control module disclosed herein
may overrule such an underlying control scheme to decrease the sec-
ondary side flow for a minimum of the signed deviation value. However,
as long as the signed deviation value is above the negative reference
value, the flow control module may allow an internal automatic pump
conftroller of a secondary side pump to increase the speed of the sec-
ondary side pump in order to establish a target pressure and flow in the
secondary side to meet the thermal power demand of the load ele-

ment.

[25] Optionally, the flow control module may be configured to in-
crease the primary side flow if the signed deviation value is below a
negative reference value. In case of a common line, this undesirable
“negative” flow spoiling the temperature lift across the common line is
tackled by a higher thermal power supply to the intermediary transfer
element via the first port. However, this increase of thermal power sup-
ply may be limited a maximum primary side pump speed, a maximum
primary side valve opening and/or the maximum capacity of the
source element(s). Therefore, the flow control module may be config-
ured to maintain the primary side flow if the signed deviation value is
below a negative reference value and the primary side flow is above a
predetermined maximum threshold. The predetermined maximum
threshold may be defined by a maximum primary side pump speed, a
maximum primary side valve opening or a maximum capacity of the

source element(s).
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[26] In one embodiment of the flow control module disclosed herein,
only the primary side flow is controlled by the flow control module. As
long as the signed deviation value is above a positive reference value,
the flow control module decreases the primary side flow until a mini-
mum primary side flow is reached. A minimum primary side flow may,
for instance, be a predetermined value defined by the source ele-

ment(s) that may require a minimal primary flow.

[27] Optionally, the flow control module may be configured to main-
tain a current primary side flow if the signed deviation value is above a
positive reference value and the flow in the primary side is below a
predetermined minimum threshold. Such a situation may be denoted
as a stable “low demand operation”, wherein the thermal transfer
along the intermediary transfer element between the first port and the

second port is minimised.

[28] In another embodiment of the flow control module disclosed
herein, only secondary side flow is controlled by the flow control mod-
ule. In yet another embodiment of the flow control module disclosed
herein, both the primary and secondary side flows are controlled by the
flow confrol module. If the secondary side flow is controllable by the
flow control module, the flow control module may be configured to
decrease the secondary side flow if the signed deviation value is below
a negative reference value and the primary side flow cannot be in-
creased. The increase of the primary side flow may be limited by a pri-
mary side pump already running at maximum speed, a primary side
valve being already fully opened, or a maximum capacity of the
source element(s). Another reason could be that the primary side flow
may not be controllable by the flow confrol module in the first place.
Such a decrease of the secondary side flow may be conflicting with an
underlying internal automatic pump controller of a secondary side

pump aiming for a target pressure and flow, because the secondary
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side flow is reduced when the thermal power demand of the load ele-
ment(s) is not met by the thermal power supply of the source ele-
ment(s). However, reducing the secondary side flow increases in this
case the thermal power transfer across the intermediary transfer ele-
ment from the first port to the third port. Thus, the load element(s) are
provided with the maximum available thermal power by a reduced
secondary side flow. Despite of a high thermal power demand in the
secondary side, the flow control module overrules any underlying con-
trol scheme in order to decrease the secondary side flow for a mini-
mum of the signed deviation value. However, as long as the signed de-
viation value is above the negative reference value, the flow control
module may allow an infernal automatic pump controller of a second-
ary side pump to increase the speed of the secondary side pump in
order to establish a target pressure and flow in the secondary side to

meet the thermal power demand of the load element.

[29] Optionally, the flow control module may be integrated in one of
the at least one controllable primary side flow actuator and/or one of
the at least one conftrollable secondary side flow actuator. Alternative-
ly, or in addition, the flow control module may be integrated in a cloud-

based computer system and/or a building management system (BMS).

[80] According to a second aspect of the present disclosure, a hy-

dronic system is provided comprising

- a primary side comprising at least one source element, a first port
in fluid connection with an output of the at least one source ele-
ment, a second port in fluid connection with an input of the at
least one source element, and at least one conftrollable primary
side flow actuator for providing a primary side flow,

- a secondary side comprising at least one load element, a third
port in fluid connection with an input of the at least one load ele-

ment, a fourth port in fluid connection with an output of the at
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least one load element, and at least one controllable secondary

side flow actuator for providing a secondary side flow,

- an intermediary transfer element between the primary side and

the secondary side, wherein the intermediary transfer element is in
fluid connection with the first port, the second port, the third port
and the fourth port, and

- a flow control module as disclosed herein.

[831] Optionally, the hydronic system may further comprise a group of
four sensors with a first sensor being arranged and configured to deter-
mine a first variable of fluid flowing through the first port, a second sen-
sor being arranged and configured to determine a second variable of
fluid flowing through the second port, a third sensor being arranged
and configured to determine a third variable of fluid flowing through
the third port, and a fourth sensor being arranged and configured to
determine a fourth variable of fluid flowing through the fourth port. For
instance, the group of sensors may be four temperature sensors or four

pressure sensors preferably being installed at the four ports.

[32] Optionally, the intermediary transfer element is a common line or
a heat exchanger. In case of a common line being the intermediary
transfer element, the hydronic system may further comprise a flow me-
ter in the common line. In case of a heat exchanger being the inter-
mediary transfer element, the hydronic system may further comprise a
first flow meter in the primary side and a second flow meter in the sec-

ondary side.

[33] Alternatively, or in addition, the at least one controllable primary
side flow actuator and/or the at least one controllable secondary side
flow actuator may be at least one primary/secondary side pump which
is speed-controllable by means of the flow control module. Alternative-

ly, the at least one controllable primary side flow actuator and/or the at
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least one conftrollable secondary side flow actuator may be at least
one combination of a fixed-speed pump and a primary/secondary side
valve, wherein the opening degree of the primary/secondary side

valve is confrollable by means of the flow control module.

[34] According to a third aspect of the present disclosure, a method
for controlling the flow in a hydronic system is provided, wherein the
hydronic system comprises

- a primary side having a first port in fluid connection with an output
of at least one source element, a second port in fluid connection
with an input of at least one source element, and at least one
controllable primary side flow actuator for providing a primary
side flow,

- a secondary side having a third port in fluid connection with an
input output of at least one load element, a fourth port in fluid
connection with an output of at least one load element, and at
least one conftrollable secondary side flow actuator for providing
a secondary side flow, and

- an intermediary transfer element for transferring heat between the
primary side and the secondary side, wherein the intermediary
transfer element is in fluid connection with the first port, the sec-
ond port, the third port and the fourth port,

the method comprising

calibrating a measurement of a first temperature differential between a

temperature at the first port and a temperature at the third port in a first

situation when the primary side flow exceeds the secondary side flow,
and

calibrating a measurement of a second temperature differential be-

tween a temperature at the fourth port and a temperature at the sec-

ond port in a second situation when the secondary side flow exceeds

the primary side flow.
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[85] Optionally, the method may further comprise a step of forcing
the hydronic system into the first situation and/or second situation by
conftrolling the primary side flow actuator and/or the secondary side

flow actuator prior to the calibrating steps.

[36] Optionally, the method may further comprise a step of identify-
ing the first situation and/or the second situation by comparing the first

temperature differential with the second temperature differential.

[37] Optionally, the first situation and/or the second situation may be
identified when a certain pre-defined threshold on the absolute value
of a signed deviation value between the first temperature differential

and the second temperature differential is exceeded.

[38] Optionally, the method may further comprise a step of adapting
the thermal power transfer of the intfermediary transfer element by con-
trolling the primary side flow by means of the at least one controllable
primary side flow actuator and/or the secondary side flow by means of
the at least one controllable secondary side flow actuator unit in a con-
tinuous or regularly closed-loop manner based on minimising a signed
deviation value being correlated with the thermal power transfer of the

intermediary transfer element.

[39] Optionally, the signed deviation value may be a difference be-
tween a first differential and a second differential, wherein the first dif-
ferential is a differential between any two measured variables of a
group of four variables and the second differential is a differential be-
tween the other two measured variables of said group of four variables,
wherein the group of four variables comprises a first variable of fluid
flowing through the first port, a second variable of fluid flowing through
the second port, a third variable of fluid flowing through the third port,

and a fourth variable of fluid flowing through the fourth port.



20

25

[40] Optionally, the first variable may be the temperature and/or
pressure of fluid flowing through the first port, the second variable is the
temperature and/or pressure of fluid flowing through the second port,
the third variable is the temperature and/or pressure of fluid flowing
through the third port, and the fourth variable is the temperature

and/or pressure of fluid flowing through the fourth port.

[41] Optionally, the signed deviation value may be a difference be-
tween a measured flow in a common line as the intermediary fransfer
element and a pre-determined common line reference flow, preferably
a zero common line flow. Alternatively, a flow in a common line may be
determined by a pressure differential along the intermediary transfer
element between a first pressure sensor placed between the first port
and the third port and a second pressure sensor placed between the
second port and fourth port. Such a pressure differential may be cali-

brated for zero flow and then be used as the signed deviation value.

[42] Optionally, the signed deviation value may be a difference be-
tween a flow differential in a heat exchanger as the intermediary trans-
fer element and a pre-determined reference heat exchanger differen-
tial flow, preferably a zero heat exchanger differential flow. The flow
differential being used as the signed deviation value may be the differ-

ence between the primary side flow and the secondary side flow.

[43] Optionally, a current primary side flow may be maintained if the
signed deviation value is between a negative reference value and a

positive reference value, preferably essentially zero.

[44] Optionally, the primary side flow may be increased if the signed

deviation value is below a negative reference value.
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[45] Optionally, the primary side flow may be maintained if the
signed deviation value is below a negative reference value and the

primary side flow is above a predetermined maximum threshold.

[46] Optionally, the secondary side flow may be decreased if the
signed deviation value is below a negative reference value and the

primary side flow cannot be increased.

[47] Optionally, the primary side flow may be decreased if the signed

deviation value is above a positive reference value.

[48] Optionally, a current primary side flow may be maintained if the
signed deviation value is above a positive reference value and the flow

in the primary side is below a predetermined minimum threshold.

[49] The method disclosed herein may be implemented in form of
compiled or uncompiled software code that is stored on a computer
readable medium with instructions for executing the method. Alternative-
ly, or in addition, the method may be executed by software in a cloud-
based system and/or a building management system (BMS), e.g. in the

flow confrol module disclosed herein.

SUMMARY OF THE DRAWINGS

[60] Embodiments of the present disclosure will now be described by

way of example with reference to the following figures of which:

Fig. 1 shows a schematic figure of an example of an embodiment of a

hydronic system according to the present disclosure,
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Fig. 2 shows a schematic figure of an example of another embodiment

of a hydronic system according to the present disclosure,

Fig. 3 shows a schematic figure of an example of yet another embodi-

ment of a hydronic system according to the present disclosure,

Fig. 4 shows a schematic figure of an example of yet another embodi-

ment of a hydronic system according to the present disclosure,

Fig. 5 shows a schematic figure of an example of yet another embodi-

ment of a hydronic system according to the present disclosure,

Fig. 6 shows a schematic figure of an example of yet another embodi-

ment of a hydronic system according to the present disclosure,

Fig. 7 shows a schematic figure of an example of yet another embodi-

ment of a hydronic system according to the present disclosure,

Fig. 8 shows a schematic figure of an example of yet another embodi-

ment of a hydronic system according to the present disclosure,

Fig. 9 shows a schematic figure of an example of yet another embodi-

ment of a hydronic system according to the present disclosure,

Fig. 10 shows a schematic figure of an example of an embodiment of
an intermediary transfer element hydronic system according to the pre-

sent disclosure, and

Fig. 12 shows a schematic figure of an example of the method for con-
tfrolling the flow in a hydronic system according to the present disclo-

sure.
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DETAILED DESCRIPTION

[61] Fig. 1 shows a hydronic system 1 having a primary side 3 and a
secondary side 5. The hydronic system 1 can be a heating or cooling
system. The primary side 3 comprises a source element 7, which may for
instance be a heater, chiller, a heat exchanger or a common line cou-
pling. The source element 7 provides thermal power by heating up or
chilling down a fluid circulating in the primary side 3. The fluid may be
water or a coolant with high thermal capacity. The fluid is driven
through the primary side 3 by a conftrollable primary side flow actuator
9 for providing a primary side flow qi. The secondary side 5 comprises a
load element 11, which may for instance be a radiator or an air han-
dling unit (AHU). The load element 11 consumes thermal power provid-
ed by the fluid circulating in the secondary side 5 and provides it fo a
place or object in need for thermal power. The fluid is driven through
the secondary side 5 by a controllable secondary side flow actuator 13
for providing a secondary side flow g2. The secondary side 5 comprises
a load valve 15, which may be a motorised valve, a balancing valve, a
check valve, a thermostat or another valve to limit the flow in the sec-
ondary side 5. Fig. 1a shows an embodiment wherein the controllable
primary side flow actuator 9 and/or the controllable secondary side
flow actuator 13 are speed-confrollable pump(s). Fig. 1b shows an al-
ternative embodiment wherein the confrollable primary side flow actu-
ator 9 and/or the conftrollable secondary side flow actuator 13 are

fixed-speed pump(s) in combination with controllable valve(s).

[52] The hydronic system 1 further comprises an infermediary transfer
element 17 in form of a common line (or hydraulic separator or tank)
between the primary side 3 and the secondary side 5. A first T-end 19 of
the intermediary transfer element 17 is connected to a first port 21 of
the primary side 3, the first port 21 being in fluid connection with an

output 23 of the source element 7. A second T-end 25 of the intermedi-
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ary transfer element 17 is connected to a second port 27 of the primary
side 3, the second port 27 being in fluid connection with an input 29 of
the source element 7. The first T-end 19 of the intermediary fransfer ele-
ment 17 connects the first port 21 of the primary side 3 with a third port
31 of the secondary side 5, the third port 31 being in fluid connection
with an input 33 of the load element 11. The second T-end 25 of the
infermediary transfer element 17 connects the second port 21 of the
primary side 3 with a fourth port 35 of the secondary side 5, the fourth
port 35 being in fluid connection with an output 37 of the load element
11.

[53] In principle, the intermediary transfer element 17 in form of a
common line allows for a fluid flow (downward in Figs. 1, 4 and 5) from
the first port 21 of the primary side 3 to the second port 27 of the prima-
ry side 3. Such a “positive” primary side flow downward along the
common line may for instance be required when the thermal power
demand of the load element 11 is low and the load valve 15 is closed.
Likewise, the intermediary transfer element 17 also allows for a fluid flow
(upward in Figs. 1, 4 and 5) from the fourth port 35 of the secondary
side 5 to the third port 31 of the secondary side 5. Such a “negative”
secondary side flow upward along the common line may for instance
be required when the thermal power supply by the primary side 3 is ex-
ceeded by a high thermal power demand of the load element 11 with
the load valve 15 being fully opened. However, despite the principle
possibility for a positive and negative flow through the common line, a
flow through the common line is not desirable, because a negative
flow aggravates a low AT syndrome and a positive flow does not effi-

ciently use the thermal power capacity of the source element 7.

[54] Therefore, in order to minimise the flow in the common line, the
hydronic system 1 comprises a flow control module 39 for controlling

the primary side flow gi and/or the secondary side flow Q2. The flow
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control module 39 may be integrated in the controllable primary side
flow actuator 9 and/or the controllable secondary side flow actuator
13. Alternatively, or in addition, the flow control module 39 may be in-
tegrated in a cloud-based computer system and/or a building man-
agement system (BMS). The flow control module 39 may control the
primary/secondary side flow gi2 by means of controlling the speed of a
speed-conftrollable primary/secondary side pump (see Fig. 1a) and/or
by conftrolling the opening degree of a controllable primary/secondary
side valve in combination with a fixed-speed primary/secondary side

pump (see Fig. 1b).

[55] The flow confrol module 39 may have a wired or wireless first sig-
nal connection 41 with the confrollable primary side flow actuator 9
and/or a wired or wireless second signal connection 43 with the conftrol-
lable secondary side flow actuator 13. If the secondary side flow Q2 is
not controllable by the flow control module 39, the second signal con-
nection 43 is not needed (in Figs. 1 to 6). Likewise, if the primary side
flow g1 is not controllable by the flow control module 39, the first signall
connection 41 is not needed (in Figs. 1 to 6). For instance, either the
conftrollable primary side flow actuator 9 or the controllable secondary
side flow actuator 13 may comprise a fixed-speed pump without a con-
trollable primary/secondary side valve. However, in the examples
shown in Figs. 1 to 6, both the primary side flow g1 and the secondary

side flow g2 are controllable by means of the flow control module 39.

[56] The hydronic system 1as shown in Fig. 1 further comprises a group
of four sensors 45a-d with a first temperature or pressure sensor 45a be-
ing arranged and configured to determine the temperature Ty or pres-
sure p1 of the fluid flowing through the first port 21, a second tempera-
ture or pressure sensor 45b being arranged and configured to deter-
mine the temperature T2 or pressure p2 of the fluid flowing through the

second port 27, a third temperature or pressure sensor 45¢c being ar-
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ranged and configured to determine the temperature Ts or pressure ps
of the fluid flowing through the third port 31, and a fourth temperature
or pressure sensor 45d being arranged and configured to determine
the temperature T4 or pressure p4 of the fluid flowing through the fourth
port 35. Each of the sensors 45a-d has a wired or wireless signal connec-
tion 47a-d with the flow control module 39. The flow control module 39
receives the respective measured temperatures or pressures via the
signal connections 47a-d. The sensors 45a-d may alternatively be signal

connected with the flow control module 39 via a data bus.

[57] The flow control module 39 is configured to continuously or regu-
larly monitor the measured temperatures Ti4 or pressures pi1-4 in order to
control the flow(s) ai, g2 in a continuous or regularly closed-loop man-
ner based on minimising a signed deviation value AAT or AAP being cor-
related with the thermal power transfer of the intermediary transfer el-
ement 17. The signed deviation value AAT or AAP may be determined
by the flow control module 39 and may be a difference between a first
differential ATy or Ap1 and a second differential AT2 or Ap2. In case of sen-
sors 45a0-d being temperature sensors, the first differential may for in-
stance be ATi=Ti-T4 or ATi=Ti-Ts or AT1=Ts-T4, and the second differential
may for instance be AT2=Ts-T2 or AT2=Tz-T4 or ATo=Ti-T2, respectively. Anal-
ogously, in case of a common line being the intermediary transfer ele-
ment 17 (see Figs. 1, 4 and 5) and the sensors 450-d being pressure sen-
sors, the first differential may for instance be Api=pi-p4 or Ap1=pi-p3 or
Ap1=ps-p4, and the second differential may for instance be Ap2=ps-p2 or
Ap2=p2-P4 Or AP2=pP1-P2, respectively. In case of a heat exchanger being
the infermediary transfer element 17 (see Figs. 2, 3 and 6) and the sen-
sors 45a0-d being pressure sensors, the primary side pressure is fully de-
coupled from the secondary side pressure, wherein the first differential
may for instance be Api=pi-p2 and the second differential may for in-
stance be Ap2=ps-p4. The signed deviation value may be AAT=AT2-AT: or
AAP=Ap2-Ap1.
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[58] The current primary side flow g1 is maintained by the flow control
module 39 if the signed deviation value AAT or AAP is between a nega-
tive reference value and a positive reference value, preferably essen-
tially zero. The negative reference value and a positive reference value
may define a band around zero, within which a fluid flow g through the
common line is sufficiently low. In other words, the thermal power trans-
fer along the intermediary fransfer element 17 (upward between the
fourth port 35 and the third port 31 or downward between the first port
21 and the second port 27) is minimal, whereas the thermal power
transfer across the intermediary transfer element 17 (from the first port
21 to the third port 31 and from the fourth port 35 to the second port 27)
is maximal. This is a stable and desirable operation of the hydronic sys-

fem 1.

[69] Once the signed deviation value AAT or AAP falls below the neg-
ative reference value, however, a negative flow g upward along the
common line is indicated. If the flow control module 39 is able to con-
trol the primary side flow qi, the flow control module 39 immediately
reacts to such a feedback in a closed-loop manner by increasing the
primary side flow gi. As a consequence, the negative deviation value
AAT or AAP should rise above the negative reference value, i.e. the
negative flow g upward along the common line should reduce or stop.
A stable and desirable operation at a higher primary side flow gi may
thus be established.

[60] If the negative deviation value AAT or AAP does not rise above
the negative reference value, the primary side flow g1 is increased unfil
it cannot be increased anymore, e. g. when a maximum primary side
pump speed or maximum primary side valve opening is reached, or
until the primary side flow g1 has reached a predetermined maximum
threshold gmax. In this situation and in case the primary side flow g1 is not

conftrollable by the flow control module 39 in the first place, the sec-
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ondary side flow g2 is decreased. It should be noted that such a de-
crease may seem counter-intuitive, because the load element 11 de-
mands more thermal power than it gets through the fully opened load
valve 15. Normally, an internal automatic secondary side pump control-
ler would react with an increase of speed to an opening of the load
valve 15 in order to establish a target pressure and flow in the second-
ary side 5. However, the flow confrol module 39 may overrule such an
internal automatic secondary side pump controller and may command
a decrease of the secondary side flow Q2 in case of a negative com-
mon line flow g in order to maximise the available thermal power trans-
fer across the intermediary transfer element 17. In this situation, the sup-
ply of thermal power by the primary side 3 is either at its maximum or
uncontrollable by the flow control module 39. As long as the signed de-
viation value AAT or AAP is above the negative reference value, the
flow control module 39 may allow an internal automatic secondary
side pump controller to increase the secondary side flow g2 in order to
establish a target pressure and flow in the secondary side 5 to meet the
thermal power demand of the load element 11 indicated by the

opened load valve 15.

[61] In case the load element 11 has a low demand for thermal
power and the load valve 15 is atf least partly closed, for instance, the
situation may occur that the signed deviation value AAT or AAP rises
above the positive reference value, which indicates a positive flow g
downward along the common line. If the flow control module 39 is able
to control the primary side flow qi, the flow control module 39 immedi-
ately reacts to such a feedback in a closed-loop manner by decreas-
ing the primary side flow gi. As a consequence, the positive deviation
value AAT or AAP should fall below the positive reference value, i.e. the
positive flow g downward along the common line should reduce or
stop. A stable and desirable operation at a lower primary side flow gs

may thus be established.
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[62] If the positive deviation value AAT or AAP does not fall below the
positive reference value, the primary side flow qi is decreased until it
cannot be decreased anymore, e.g. when a minimum primary side
pump speed or minimum primary side valve opening is reached, or until
the primary side flow gi has reached a predetermined minimum thresh-
old gmin. Once a minimum primary side flow gi=gmin is reached, the pri-
mary side flow g1 is maintained and a stable low demand operation is
established with a minimal acceptable positive flow g downward along

the common line.

[63] Fig. 2 shows an embodiment with the intermediary fransfer ele-
ment 17 being a counter-flow heat exchanger. The primary side 3 and
the secondary side 5 are completely decoupled in terms of pressure.
There may even be different fluids running through the primary side 3
and the secondary side 5, because there is no mixing between the pri-
mary side 3 and the secondary side 5. The controlling of the flow actua-
tor(s) 9, 13 is identical to Fig. 1. The flow control module 39 may not
even be able to distinguish whether the intermediary transfer element

17 is a common line or a very efficient heat exchanger.

[64] Fig. 3 shows an embodiment with the intermediary fransfer ele-
ment 17 being a parallel-flow heat exchanger. The only difference is
the direction of the secondary side flow g2, so the position of the third
port 31 and the third sensor 45c is swapped with the position of the
fourth port 35 and the fourth sensor 45d. The conftrolling of the flow ac-

tuator(s) 9, 13 is identical to Figs. 1 and 2.

[65] Fig. 4 shows an embodiment with the intermediary transfer ele-
ment 17 again being a common line or a hydraulic separator or a tank.
However, instead of the group of four temperature or pressure sensors
450-d, just one bi-directional flow meter 49 is installed in the common

line for measuring the flow q along the common line. The flow control
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module 39 is signal connected fo the flow meter 49 via a wired or wire-
less signal connection 51for receiving the measured common line flow.
The common line flow g is then used as the signed deviation value to
be minimised. With the measured common line flow g being the signed
deviation value, the controlling of the flow(s) gi, gz is identical to Figs. 1
to 3.

[66] Fig. 5 shows an embodiment similar to Fig. 4, wherein the com-
mon line flow g is not measured by a flow meter, but determined from
a pressure differential along the common line. Therefore, a first pressure
sensor 50a is located at the first T-end 19 of the intermediary transfer
element 17 between the first port 21 of the primary side 3 and the third
port 31 of the secondary side 5. The flow control module 39 is signal
connected to the first pressure sensor 50a via a wired or wireless signall
connection 52a for receiving a first pressure value p1. A second pressure
sensor 50b is located at the second T-end 25 of the intermediary frans-
fer element 17 between the second port 27 of the primary side 3 and
the fourth port 35 of the secondary side 5. The flow control module 39 is
signal connected to the second pressure sensor 50b via a wired or wire-
less signal connection 52b for receiving a second pressure value po.
Once the pressure differential Ap=pi-p2 is determined by the flow con-
trol module 39 and calibrated for zero flow g, it can be used as the
signed deviation value. With the pressure differential Ap being the
signed deviation value, the controlling of the flow(s) i, gz is identical to

Figs. 1 fo 4.

[67] Fig. 6 shows an embodiment with the intermediary transfer ele-
ment 17 again being a counter-flow heat exchanger. However, instead
of the group of four temperature or pressure sensors 45a-d, a first flow
meter 53a is installed in the primary side 3 for measuring the primary
side flow gi and a second flow meter 53b is installed in the secondary

side 5 for measuring the secondary side flow q2. The flow control mod-
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ule 39 is signal connected to the flow meters 53a,b via wired or wireless
signal connections 55a,b, respectively, for receiving the measured flows
a1, gz. The flow control module 39 determines a flow differential Ag=q1-
g2 and uses the flow differential Ag as the signed deviation value to be
minimised. With the flow differential Aq being the signed deviation val-

ue, the controlling of the flow(s) ai, gz is identical to Figs. 1 to 5.

[68] InFigs. 7 to 9, the control module 39, the signal connections 45a-
d, 51, 52a,b, 55a0,b and the sensors 45a0-d, 49, 50a.b, 53a.,b are not
shown and the intermediary transfer element 17 is only shown as a
common line for simplicity. It should be understood that any of the em-
bodiments shown in Figs. 1 to 6 are applicable to any hydronic system
topology shown in Figs. 7 to 9. The topology of the hydronic system 1
shown in Fig. 7 shows a plurality of two load elements 11a,b in parallel in
the secondary side 5. Here, just one controllable secondary side flow
actuator 13 drives the secondary side flow through both load elements
11. At least one valve15a,b is associated with each load element 11a,b
for restricting the secondary side flow through the respective load ele-

ment 11a,b.

[69] The system topology shown in Fig. 8 comprises a plurality of two
parallel controllable secondary side flow actuators 13a,b, each of
which is associated with a load element 11a,b. There are several op-
tions for controlling the respective secondary side flows through the
load elements 11a,b. A first option would be controlling the primary side
flow i1 only as described above for Figs. 1 to 6. If the primary side flow
a1 is uncontrollable by the flow control module 39 or if it has reached a
maximum, the secondary side flows through the load elements 11a.b
may be decreased to avoid a negative upward common line flow. The
adaptation of the secondary side flows through the respective load
elements 11a,b may be performed in different ways. One option would

be a simultaneous decrease by the same absolute amount or the same
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relative amount with respect to the current secondary side flow. An-
other option would be to reduce only a highest of the secondary side
flows, for instance only the fastest running half of speed-controllable

secondary side pumps.

[70]  The system topology shown in Fig. 9 comprises a plurality of two
parallel controllable primary side flow actuators ?a,b, each of which is
associated with a source element 7a,b. There are again several options
for controlling the primary side flows. A first option would be conftrolling
the secondary side flow g2 only as described above for Figs. 1 to 6. If
the secondary side flow gz is uncontrollable by the flow control module
39 or if it has reached a minimum or if the signed deviation value is
above the positive reference value indicating a positive downward
common line flow, the primary side flows may be decreased to reduce
the positive downward common line flow fo a minimum. In case of a
signed deviation value being below the negative reference value indi-
cating a negative upward common line flow, the primary side flows
may be increased to avoid or reduce the negative upward common
line flow. The adaptation of the respective primary side flows through
the source elements 7a,b may be performed in different ways. One op-
tion would be a simultaneous adaptation by the same absolute
amount or the same relative amount with respect to the current prima-
ry side flow. Another option would be to operate as many of the con-
trollable primary side flow actuators 9a.,b with a minimum in terms of
energy consumption of the associated source element 7a,b, and to
adapt only as few as possible primary side flows provided by the con-

trollable primary side flow actuators 9a,b.

[71] Fig. 10 explains schematically the relations between the temper-
atures at the four ports 21, 27, 31, 35 to the intermediary transfer ele-
ment 17. The intermediary transfer element 17 may be a common line,

a hydraulic separator, a tank or a counter-flow heat exchanger. The



20

30

hydronic system 1 is here a heating system. The temperature T: at the
first port 21 is denoted as Th, in the sense of hot feed input into the in-
termediary transfer element 17. The temperature T2 at the second port
27 is denoted as Te,o in the sense of cold return output of the intermedi-
ary transfer element 17. The temperature Tz at the third port 31is denot-
ed as Tho, as hot feed output of the intermediary transfer element 17.
The temperature T4 at the fourth port 35 is denoted as Tc,i in the sense of
cold return input into the intermediary transfer element 17. The following

relations apply:

ATy = Thi — Thoo
AT, =T, T,
AT; =Ty — T
AT, =Ty — Teo
AT, =T,i-T.,
ATy =Ty, —Te.i

AT, — AT, + AT, — AT, =0
AT, — AT, — AT, + AT, =0
AAT = AT, — AT, = AT, — AT, = AT, — AT,

wherein AAT=AT.-AT: may be the signed deviation value to be mini-
mised. It shows that the first temperature differential ATy may be AT, ATh

or ATb and the second temperature differential may be ATo, ATc or ATa.

[72] In Fig. 11, the measurement by the temperature sensors 45a-d
(not shown in Fig. 11) is calibrated in specific flow situations to achieve
a more accurate and more reliable flow control. The source element 7
is here a chiller or heat sink that takes away heat -P from the primary
side 3, whereas the load element 11 consumes cooling power by add-
ing heat P to the secondary side 5. Accordingly, the temperature Ti at

the first port 21 is denoted as Alc, in the sense of cool feed input info the
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infermediary transfer element 17. In Fig. 11, the temperature T at the
first port 21 is denoted as ATc, in the sense of cool feed input into the
intermediary transfer element 17. The temperature T2 at the second port
27 is denoted as Tho in the sense of hot return output of the infermediary
transfer element 17. The temperature Tz at the third port 31 is denoted
as Teo, as cold feed output of the intermediary transfer element 17. The
temperature T4 at the fourth port 35 is denoted as Tn, in the sense of hot
return input intfo the intermediary transfer element 17. In hydronic sys-
tems as shown in Figs. 1 to 11, it is energetically efficient to minimise a
heat transfer flow along the intermediary tfransfer device 17 in either
direction upward or downward. However, the desirable situation of no
upward or downward heat transfer flow along the intermediary transfer
device 17 has the effect, in particular in case of a cooling system, that
quite low temperature differentials ATc = Tc,i - Teo and ATk = Thi — Tho pre-

vail.

[73] Low temperature differentials ATc and ATh pose a challenge for
the controlling process, because inaccurate temperature measure-
ments may account for a large fraction of the measured temperature
differentials. So, the controlling action may be mostly triggered by
measurement errors rather than actual temperature differentials. If the
control fries to minimise the upward or downward heat transfer flow
along the intermediary fransfer device 17 based on inaccurately

measured temperature differentials, the flow is in fact not minimised.

[74] It is therefore preferable to accurately measure the temperature
differentials. This can, of course, be achieved by using very accurate
and pre-calibrated sensors. However, this approach is expensive, de-
pendent on sensor quality, and does not guarantee good performance
over time as the quality of the sensors may degrade over time. As a

solution to this, the measurements by the temperature sensors 45a-d are
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here repetitively calibrated “online” during their use in specific situa-

fions.

[75] The main idea is to either force or identify a first or second situa-
tion where there is definitely more flow in one side than in the other
side. For instance, in the first situation, the primary side 3 may have a
higher flow g1 than the secondary side 5, or vice versa in the second
sifuation. If the primary flow g1 is higher than the secondary flow g2 in
the first situation, the flow coming from the primary side 3 splits at the
first port 21 into the secondary side 5 and the intermediary fransfer ele-
ment 17. This means that the flow entering from the primary side 3 into
the secondary side 5 at the third port 31 has not been mixed with water
of another temperature. Therefore, it must have the same temperature
as the water leaving the primary side 3 at the first port 21 assuming the
heat loss to the ambient environment is negligible. In this first situation,
any measured temperature differential ATc can be assumed to be fully
due to sensor inaccuracy and stored as systematic error in form of an

offset.

[76] Such an offset can then simply be subtracted from all subse-
guent measurements of ATc, which means that the measurements by
the temperature sensors 45a and 45¢ are calibrated for the purpose of
the flow control. In the second situation, when the secondary side 5 has
more flow than the primary side 3, i.e. g2 > g1, a similar situation arises in
view of the temperature differential AT, between the fourth port 35 and
the second port 27. It should be zero, but the temperature sensors 45b
and 45d may indicate a temperature differential ATh based on sensor
accuracy. In this second situation, any measured temperature differen-
tial ATh can be assumed to be fully due to sensor inaccuracy and stored
as systematic error in form of an offset. Such an offset can then simply

be subtracted from all subsequent measurements of ATh, which means
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that the measurements by the temperature sensors 45b and 45d are

calibrated for the purpose of the flow control.

[77] These first or second situations, in which g2 > g1 or g2 < g1, may
arise naturally during a normal operation of cooling cycles during the
day in most hydronic systems. Therefore, there may not be a need to
force the hydronic system into such situations, but merely to identify
them. These situations can be identified by comparing the temperature
differentials ATc and ATn with each other. If one temperature differential
is much higher than the other, then the lower temperature differential
can be assumed to be actually zero, even if it shows a non-zero value
due fo sensor inaccuracy. The measurement by the corresponding sen-
sor pair can then be calibrated. For instance, if a certain pre-defined
threshold on the signed deviation value AAT=|ATc-ATh |is exceeded, a

calibration situation is indicated.

[78] In some hydronic systems, however, the flow imbalance is almost
always to the same side, and hence one of the temperature differen-
tials is always relatively high due to mixing from the intermediary ele-
ment 17. Then, either the first or the second situation does not arise nat-
urally in which the measurements by the corresponding temperature
sensors could be calibrated. If a measurement of a pair of temperature
sensors has not had the chance to be calibrated for a certain time,
then it is preferable to force the hydronic system into that one of the first
and second situation, which allows the needed calibration. This can be
achieved by controlling the primary side flow actuator 9 and/or the
secondary side flow actuator 13. For instance, the speed of pumps as
primary/secondary side flow actuators 9, 11 may be adjusted to imbal-

ance the primary/secondary flows for calibration purposes.

[79] Fig. 12 shows a schematic figure of an example of the method

for controlling the flow in the hydronic system 1, wherein both the con-
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trollable primary side flow actuator 9 and the controllable secondary
side flow actuator 13 are conftrollable by the flow control module 39.
The hydronic system 1 may start up by ramping up (step 1101) the pri-
mary side flow g1 and the secondary side flow g2 to initial flows by
means of a variable speed drive (VSD) or a motorised valve. Once the
hydronic system 1 is started, a signed deviation value AAv is continuous-
ly or regularly determined and monitored by the flow contfrol module 39
to check (step 1103) whether it is approximately zero, i.e. in a small
band between a negative reference value and a positive reference
value. As previously described, the signed deviation value AAv may be
a temperature differential AAT, a pressure differential AAp, a flow differ-

ential Ag, a pressure differential Ap or a measured common line flow g.

[80] If the signed deviation value AAv is approximately zero, the flow
control module 39 maintains (step 1105) the primary side flow g1 and
the secondary side flow q2. It should be noted that the primary side flow
a1 and/or the secondary side flow g2 may change due to other control
schemes. For instance, an opening of a load valve 15 in the secondary
side 5 indicating a higher thermal power demand of the load ele-
ment(s) 11 in the secondary side 5 may frigger an automatic internal
secondary side pump conftroller to increase the pump speed. However,
the continuously or regularly determined and monitored signed devia-
tion value AAv may be affected by this, whereby the flow control mod-
ule 39 may be caused to adapt the primary side flow g1 and/or the

secondary side flow g2 accordingly.

[81] If the signed deviation value AAv is not approximately zero (step
1103), it is checked (step 1107) whether it is negative, i.e. below a neg-
ative reference value. If this is the case, it is checked (step 1109) if the
primary side flow g1 is below a predetermined maximal threshold gmax.
The maximal threshold gmax may, for instance, be determined by the

maximum speed of a speed-confrolled primary side pump, a maximal
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opening of a primary side valve or a maximal flow requirement of the
source element 7. The primary side flow g1 may be measured by a flow
meter 53a or be deduced from the current speed or the current power
consumption of a primary side pump. If a further increase of the primary
side flow qu is possible and allowed, the primary side flow g1 is increased
(step 1111). The effect of this adaptation on the signed deviation value
AAv is again continuously or regularly determined and monitored by the
flow control module 39 (step 1103). If a further increase of the primary
side flow g1 is not possible or not allowed, the secondary side flow g2 is
decreased (step 1113). Again, the effect of this adaptation on the
signed deviation value AAv is confinuously or regularly determined and

monitored by the flow control module 39 (step 1103).

[82] If the signed deviation value AAv is not approximately zero (step
1103) and positive, i.e. above a positive reference value (step 1107), it is
checked (step 1115) if the primary side flow g1 is above a predeter-
mined minimal threshold gmin. The minimal threshold gmin may, for in-
stance, be determined by the minimum speed of a primary side pump,
a minimal opening of a primary side valve or a minimal flow require-
ment of the source element 7. If a further decrease of the primary side
flow a1 is possible and allowed, the primary side flow qi is decreased
(step 1117). The effect of this adaptation on the signed deviation value
AAv is again continuously or regularly determined and monitored by the

flow control module 39 (step 1103).

[83] Where, in the foregoing description, integers or elements are
mentioned which have known, obvious or foreseeable equivalents,
then such equivalents are herein incorporated as if individually set forth.
Reference should be made to the claims for determining the frue
scope of the present disclosure, which should be construed so as to
encompass any such equivalents. It will also be appreciated by the

reader that integers or features of the disclosure that are described as
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optional, preferable, advantageous, convenient or the like are optional

and do not limit the scope of the independent claims.

[84] The above embodiments are to be understood as illustrative ex-
amples of the disclosure. It is to be understood that any feature de-
scribed in relation fo any one embodiment may be used alone, or in
combination with other features described, and may also be used in
combination with one or more features of any other of the embodi-
ments, or any combination of any other of the embodiments. While at
least one exemplary embodiment has been shown and described, it
should be understood that other modifications, substitutions and alter-
natives are apparent to one of ordinary skill in the art and may be
changed without departing from the scope of the subject matter de-
scribed herein, and this application is intended to cover any adapta-

tions or variations of the specific embodiments discussed herein.

[85] In addition, "comprising" does not exclude other elements or
steps, and "a" or "one" does not exclude a plural number. Furthermore,
characteristics or steps which have been described with reference to
one of the above exemplary embodiments may also be used in com-
bination with other characteristics or steps of other exemplary embod-
iments described above. Method steps may be applied in any order or
in parallel or may constitute a part or a more detailed version of anoth-
er method step. It should be understood that there should be embod-
ied within the scope of the patent warranted hereon all such modifica-
tions as reasonably and properly come within the scope of the contri-
bution to the art. Such modifications, substitutions and alternatives can
be made without departing from the spirit and scope of the disclosure,
which should be determined from the appended claims and their legal

equivalents.
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Claims

A flow control module (39) for controlling the flow in a hydronic

system (1), wherein the hydronic system (1) comprises

- a primary side (3) with a first port (21) in fluid connection with
an output (23) of at least one source element (7), a second
port (27) in fluid connection with an input (29) of the at least
one source element (7), and at least one conftrollable prima-
ry side flow actuator (9) for providing a primary side flow (g1),

- a secondary side (5) with a third port (31) in fluid connection
with an input (33) of at least one load element (11), a fourth
port (35) in fluid connection with an output (37) of the at
least one load element (11), and at least one confrollable
secondary side flow actuator (13) for providing a secondary
side flow (g2), and

- an intermediary transfer element (17) between the primary
side (3) and the secondary side (5), wherein the intermediary
transfer element (17) is in fluid connection with the first port
(21), the second port (27), the third port (31) and the fourth
port (35),

characterised in that

the flow control module (39) is configured to calibrate a meas-

urement of a first temperature differential (ATc) between a tem-

perature at the first port (21) and a temperature at the third port

(31) in a first situation when the primary side flow (gi1) exceeds the

secondary side flow (g2), and in that the flow control module (39)

is configured to calibrate a measurement of a second tempera-

ture differential (ATn) between a temperature at the fourth port

(21) and a temperature at the second port (31) in a second situa-

tion when the secondary side flow (gz2) exceeds the primary side

flow (ai).
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The flow control module (39) according to claim 1, wherein the
flow control module (39) is configured to force the hydronic sys-
tem (1), for calibration purposes, into the first situation and/or sec-
ond situation by controlling the primary side flow actuator (9)

and/or the secondary side flow actuator (13).

The flow control module (39) according to any of the preceding
claims, wherein the flow control module (39) is configured to iden-
tify the first situation and/or the second situation by comparing the
first temperature differential (ATc) with the second temperature dif-

ferential (ATh).

The flow control module (39) according to any of the preceding
claims, wherein the flow control module (39) is configured to iden-
tify the first situation and/or the second situation when a certain
pre-defined threshold on the absolute value of a signed deviation
value (AAT) between the first temperature differential (ATc) and the

second temperature differential (ATh) is exceeded.

The flow control module (39) according to any of the preceding
claims, wherein the flow control module (39) is configured to
adapt the thermal power transfer of the intermediary transfer el-
ement (17) by controlling the primary side flow (g1) by means of
the at least one conftrollable primary side flow actuator (?) and/or
the secondary side flow (gz2) by means of the at least one control-
lable secondary side flow actuator (13) in a confinuous or regular-
ly closed-loop manner based on minimising a signed deviation
value (AAT) being correlated with the thermal power transfer of

the intermediary transfer element (17).

The flow control module (39) according to claim 5, wherein the

flow control module (39) is configured to maintain a current pri-



20

25

10.

1.

39

mary side flow (qi1) if the signed deviation value (AAT) is between
a negative reference value and a positive reference value, pref-

erably essentially zero.

The flow control module (39) according to claim 5 or 6, wherein
the flow confrol module (39) is configured to increase the primary
side flow () if the signed deviation value (AAT) is below a negao-

tive reference value.

The flow confrol module (39) according to any of the claims 5to 7,
wherein the flow control module (39) is configured to maintain the
primary side flow (a1) if the signed deviation value (AAT) is below a
negative reference value and the primary side flow (ai) is at or

above a predetermined maximum threshold (gmax).

The flow control module (39) according to any of the claims 5 to 8,
wherein the flow control module (39) is configured to decrease
the secondary side flow (Q2) if the signed deviation value (AAT) is
below a negative reference value and the primary side flow ()

cannot be increased.

The flow confrol module (39) according to any of the claims 5to 9,
wherein the flow confrol module (39) is configured to decrease
the primary side flow (qi) if the signed deviation value (AAT) is

above a positive reference value.

The flow confrol module (39) according to any of the claims 5 to
10, wherein the flow control module (39) is configured to maintain
a current primary side flow (i) if the signed deviation value (AAT)
is above a positive reference value and the primary side flow (i)

is at or below a predetermined minimum threshold (gmin).
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The flow control module (39) according to any of the preceding
claims, wherein the flow confrol module (39) is integrated in one
of the at least one controllable primary side flow actuator (9)
and/or one of the at least one confrollable secondary side flow

actuator (13).

The flow control module (39) according to any of the preceding
claims, wherein the flow control module (39) is integrated in @
cloud-based computer system and/or a building management
system (BMS).

A method for conftrolling the flow in a hydronic system (1), wherein

the hydronic system (1) comprises

- a primary side (3) having a first port (21) in fluid connection
with an output (23) of at least one source element (7), a sec-
ond port (27) in fluid connection with an input (29) of the at
least one source element (7), and at least one confrollable
primary side flow actuator (9) for providing a primary side
flow (1),

- a secondary side (5) having a third port (31) in fluid connec-
tion with an input output (33) of at least one load element
(11), a fourth port (35) in fluid connection with an output (37)
of the at least one load element (11), and at least one con-
trollable secondary side flow actuator (13) for providing a
secondary side flow (g32), and

- an intermediary transfer element (17) between the primary
side (3) and the secondary side (3), wherein the infermediary
transfer element is in fluid connection with the first port (21),
the second port (27), the third port (31) and the fourth port
(35),

the method comprising



20

25

15.

16.

17.

18.

4]

calibrating a measurement of a first temperature differential (ATc)
between a temperature at the first port (21) and a temperature at
the third port (31) in a first situation when the primary side flow (q1)

exceeds the secondary side flow (g2), and

calibrating a measurement of a second temperature differential
(ATh) between a temperature at the fourth port (21) and a tem-
perature at the second port (31) in a second situation when the

secondary side flow (gz2) exceeds the primary side flow (q1).

The method according to claim 14, further comprising a step of
forcing the hydronic system (1) into the first situation and/or sec-
ond situation by controlling the primary side flow actuator (9)
and/or the secondary side flow actuator (13) prior to the calibrat-

ing steps.

The method according to claim 14 or 15, further comprising a step
of identifying the first situation and/or the second situation by
comparing the first temperature differential (ATc) with the second

temperature differential (ATh).

The method according to claims 16, wherein the first situation
and/or the second situation is identified when a certain pre-
defined threshold on the absolute value of a signed deviation
value (AAT) between the first temperature differential (ATc) and the

second temperature differential (ATh) is exceeded.

The method according to any of the claims 14 to 17, further com-
prising a step of adapting the thermal power transfer of the inter-
mediary transfer element (17) by controlling the primary side flow

(a1) by means of the at least one controllable primary side flow
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actuator (9) and/or the secondary side flow (gz2) by means of the
at least one controllable secondary side flow actuator (13) unit in
a continuous or regularly closed-loop manner based on minimising
a signed deviation value (AAT) being correlated with the thermal

power fransfer of the intermediary transfer element (17).

The method according to claim 18, wherein a current primary side
flow (1) is maintained if the signed deviation value (AAT) is be-
tween a negative reference value and a positive reference value,

preferably essentially zero.

The method according to claim 18 or 19, wherein the primary side
flow (a) is increased if the signed deviation value (AAT) is below a

negative reference value.

The method according to any of the claims 18 to 20, wherein the
primary side flow (qi) is maintained if the signed deviation value
(AAT) is below a negative reference value and the primary side

flow (i) is at or above a predetermined maximum threshold

(C]mox).

The method according to any of the claims 18 to 21, wherein the
secondary side flow (q32) is decreased if the signed deviation value
(AAT) is below a negative reference value and the primary side

flow (gi1) cannot be increased.

The method according to any of the claims 18 to 22, wherein the
primary side flow (qi) is decreased if the signed deviation value

(AAT) is above a positive reference value.
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The method according to any of the claims 18 to 23, wherein a
current primary side flow (i) is maintained if the signed deviation
value (AAT) is above a positive reference value and the primary
side flow (1) is af or below a predetermined minimum threshold
(Qimin).



