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(54) METHOD TO REGULATE A ONE-PIPE HEAT SUPPLY SYSTEM

(57) Method to control the flow rate and of a heat
exchanging fluid medium to a riser in a one-pipe system
being a typical pipe set up in for example building coop-
eratives for supplying heat to the radiators of the flats.
The method being to regulate the temperature of the sup-

plied heat exchanging fluid medium in response to
changes in external parameters (temperature) and the
flow rate in response to the temperature of the heat ex-
changing fluid medium in an return line.
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Description

[0001] Method to control the flow rate and of a heat
exchanging fluid medium to a riser in a one-pipe system
being a typical pipe set up in for example building coop-
eratives for supplying heat to the radiators of the flats.
The method being to regulate the temperature of the sup-
plied heat exchanging fluid medium in response to
changes in external parameters (temperature) and the
flow rate in response to the temperature of the heat ex-
changing fluid medium in an return line.

BACKGROUND

[0002] Typical set ups of the pipes supplying radiators
in e.g. housings or building cooperatives are either two-
pipe systems or one-pipe systems. In the following there
shall be referred in general to ’houses’ meaning housings
comprising a plural of flats, or any other places where
such setups are typical.
[0003] In traditional two-pipe systems a set of parallel
pipes forms supply pipes (or ’lines’ in more general) and
return pipes (or ’lines’) to a collection of heat exchanging
devices such as radiators. The pipes associated with
each such collection of heat exchanging devices is re-
ferred to as risers, and in two-pipe systems the flow rates
at each riser are in traditional systems regulated individ-
ually, thus giving dynamic flow rates in each riser match-
ing the present loads.
[0004] In one-pipe systems, however, the supply line
system feeds some heat exchanging fluid medium (typ-
ically water) and a supply temperature (typically water)
at a flow rate to a collection of heat exchanging devices.
The individual radiators are connected in series with one
after the other, such that the return line of one radiator
is the feeding line of a next radiator.
[0005] The flow rates of the heat exchanging fluid me-
dium to each radiator are usually controlled by thermo-
stats being set by the users of the radiators, but the overall
flow in the supply and return lines is in traditional systems
substantially permanent, meaning it is not reacting to
changes in the load.
[0006] For example on a hot day , or simply when in-
ternal gains in the room cause the radiator thermostat to
close, the radiator thermostats in general is closed letting
most of the heat exchanging fluid medium flow through
the bypass lines, such a setup leads to an undesired high
temperature of the heat exchanging fluid medium in the
return line(s). A high temperature of the return heat ex-
changing fluid medium is not desired, since it leads to an
uncontrolled heating of the living spaces and further to
unnecessary losses of heat of the heat exchanging fluid
medium in the lines, since the lines will continue to deliver
heat though, the radiators are closed. This is especially
the case where the lines are not well insulated. This would
be a further discomfort to the inhabitants.
[0007] In two-pipe systems the valve actuator regulat-
ing the flow is placed centrally. This is not possible in a

one-pipe-system, since it will cause underflow in parts of
the system still having high load, and overflow in parts /
risers with low load.
[0008] The present invention relates to introducing a
solution giving a highly energy-efficient and load depend-
ent one-pipe system.

SUMMARY OF THE INVENTION

[0009] The present invention solves the problems of
one-pipe systems by introducing a two-part control, one
being to regulate, or control, the temperature of the sup-
plied heat exchanging fluid medium, the supply temper-
ature, and another to control flow through a collection of
heat exchanging devices in relation to the temperature
of the heat exchanging fluid medium in the return line.
The control of flow and return temperature is done "de-
centrally" in each riser.
[0010] The supply temperature control is based on ex-
ternal conditions comprising conditions influencing the
system that cannot be influenced by the system itself,
this preferably includes, for example, the weather by in-
troducing a weather compensator (more especially the
external temperature, being e.g. the outdoor temperature
of a housing), but could also include other factors that
would influence the expected needed heat to be supplied
to the houses. The main, but not exclusive, embodiment
is especially related to the external temperature, the sys-
tem thus optionally including an external temperature
sensor. In an even more advanced embodiment the sys-
tem is coupled to a weather forecast system such as
through the internet.
[0011] The present invention thus introduces a method
of regulating a system comprising;

- a collection of heat exchanging devices connected
in series, such that a return line of one radiator is a
feeding line of a next radiator,

- a main supply line are connected to the feeding line
of the first of the heat exchanging devices seen in
the flow direction,

- a main return line connected to the return line of the
last of the heat exchanging devices seen in the flow
direction,

where a heat exchanging fluid medium with a supply tem-
perature is feed from the main supply line to the collection
of heat exchanging devices at a flow rate, wherein the
supply temperature is regulated according to a supply
set point temperature depending parameters external to
the system, and the flow rate is regulated according to a
return set point temperature depending on a temperature
of the heat exchanging fluid medium down stream the
first heat exchanging device in the collection.
[0012] To ensure an optimized set point of the system,
in one embodiment the supply temperature is regulated
according to a supply set point temperature depending
on parameters external to the system, and / or the flow
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rate is regulated according to a return set point temper-
ature depending on a temperature of the heat exchanging
fluid medium downstream of the first heat exchanging
device in the collection. The return temperature set point
preferably is regulated in response to a regulation of the
supply temperature set point.
[0013] To ensure that the system comprises the means
to perform the regulation of the flow in relation to the
temperature of the heat exchanging medium in the return
line, the method in a further embodiment applies to a
system further comprising

- a flow controller connected to a return line, the flow
controller being adapted to control the flow rate
through the return line,

- an actuating device operating the flow controller, and
- a temperature sensor positioned in heat exchanging

connection to the heat exchanging fluid in the return
line.

[0014] To ensure a permanent flow despite frequent
changes in the loads to each of the heat exchanging de-
vices, e.g. as they are adjusted by the users, the flow
controller is further adapted to maintain a constant flow
despite changes in the pressure in the main supply line.
[0015] To avoid feeding unnecessarily much energy
into the system by rather meeting external conditions in
advance, the system in one embodiment may comprise
an external temperature sensor positioned to measure a
temperature external to the system.
[0016] Especially, but not exclusively, to ensure regu-
lation of the return temperature at set point depending
on different parameters, the system in one embodiment
may comprise an electronic controller connected to the
actuating devices and the temperature sensors connect-
ed to the return lines. The electronic controller is option-
ally connected to a temperature sensor connected to the
main supply line, and optionally also to the external tem-
perature sensor.
[0017] In one embodiment the actuating device is pulse
actuated, such as where the actuating device is an elec-
tro-magnetic, pneumatic, hydraulic or electrostrictive ac-
tuator.
[0018] To ensure an optimized set point of the system,
in an embodiment the supply temperature is regulated
according to a supply set point temperature depending
on parameters external to the system, and the flow rate
is regulated according to a return set point temperature
depending on a temperature of the heat exchanging fluid
medium downstream of the first heat exchanging device
in the collection. The return temperature set point is pref-
erably regulated in response to a regulation of the supply
temperature set point.
[0019] In an alternative embodiment to the electronic
controller, the actuating devices are connected directly
to the temperature sensors and are self-acting and in-
clude means to adjust the return temperature set point.
A natural choice is that the actuating device is a thermo-

stat.

FIGURES

[0020]

Fig. 1 Illustration of a standard one-pipe,
or one-line, set up whereto the
present invention would be suitable.

Fig. 2 Illustration of a number of parallel
risers each associated with a collec-
tion of heat exchanging devices,
and where each riser is controlled
according to one embodiment of the
present invention.

Fig. 3 Illustration of a flow controller used
in one embodiment of the present
invention, the flow controller being
adapted to maintain a constant flow
despite pressure changes.

Fig. 4 Illustration of set point dependences
on external conditions.

Figs. 5A and 5B. Illustrations of how the present in-
vention relates the flow rate to better
match the actual load in the system.

Fig. 6. Illustration of the system introducing
an electronic controller according to
an embodiment of the present in-
vention.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Fig. 1 illustrates a typical set up of a one-pipe
system, where a supply line (3) system feeds some heat
exchanging fluid medium (typically water) at a supply
temperature and at a flow rate, to a collection of heat
exchanging devices (6), such as e.g. radiators, and
adapted to heating up a number of living spaces. In the
following, with out loss of generality, such heat exchang-
ing devices (6) are frequently referred to as radiators.
The individual radiators (6) are connected in series, one
after the other, such that the return line (4) of one radiator
(6) is the feeding line (3) of a next radiator (6). The feeding
line (3) and return line (4) of each radiator (6) is addition-
ally connected by a bypass line (5). A main supply line
(1) is connected to the feeding line (3) of the first of the
radiators (6) in the collection, seen in the flow direction,
and a main return line (2) is connected to the return line
(4) of last of the radiators (6) in the collection, seen in the
flow direction.
[0022] Such a setup is in some places typical in houses
comprising a number of rooms and flats, where e.g. a
number of parallel risers are each connected to a number
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rooms / flats. In this text each of these rooms / flats is
regarded as one heat exchanging device, the rooms /
flats associated with a riser then comprising a ’collection’
of heat exchanging devices, or radiators (6).
[0023] The individual radiators (6) within each room /
flat may be connected according to a similar or a very
different setup.
[0024] In houses comprising a plural of risers the sys-
tem thus comprises a corresponding plural of collections
of radiators in series and connected to the common main
supply line (1) and the main return line (2), the flow
through each of the collections being regulated individ-
ually.
[0025] The heat exchanging medium may be supplied
directly to the radiators (6) (in the following referred to as
the direct supply setup), or the system may introduce a
substation comprising a heat exchanger separating the
supplier lines from e.g. a house (in the following referred
to as the substation setup), thus forming a closed loop
for the heat exchanging fluid to circulate to the individual
radiators (6). The flow rates of the heat exchanging fluid
medium to each radiator (6) are controlled by flow regu-
lating means (7), in the following being, without loss of
generality, referred to as a the radiator thermostats.
[0026] The regulation of the flow rates to the radiators
(6) in addition influences the flow in the bypass lines (5),
by changing the flow to the radiators (6), the flow through
the bypass lines (5) being changed accordingly.
[0027] On for example a hot day, or just when internal
gains in the room cause the radiator thermostat (7) to
close, the radiator thermostats (7) in general being closed
to let most of the heat exchanging fluid medium flow
through the bypass lines (5), such a setup leads to an
undesired high temperature of the heat exchanging fluid
medium in the return line(s) (4). A high temperature of
the return heat exchanging fluid medium is not desired,
since it leads to an uncontrolled heating of the living spac-
es and further to un-necessary losses of heat of the heat
exchanging fluid medium in the lines, since the lines will
continue to deliver heat though the radiators are closed.
This is especially the case where the lines are not well
insulated. This would be a further discomfort to the in-
habitants.
[0028] The present invention solves this problem by
introducing a two part control, one being to regulate, or
control, the temperature of the supplied heat exchanging
fluid medium, the supply temperature, and another to
control the flow through a collection of heat exchanging
devices (6) in relation to the temperature of the heat ex-
changing fluid medium in a return line (3).
[0029] The supply temperature control is based on ex-
ternal conditions comprising conditions influencing the
system that cannot be influenced by the system itself,
this preferably includes such as the weather (more es-
pecially the external temperature, being e.g. the outdoor
temperature of a housing), by introducing a weather com-
pensator, but could also include other factors that would
influence the expected needed heat to be supplied to the

houses. The main, but not exclusive, embodiment is es-
pecially related to the external temperature, the system
thus optionally including an external temperature sensor
(8). In an even more advanced embodiment the system
is coupled to a weather forecast system such as through
the internet.
[0030] The regulation of the flow to the risers in this
manner are based on the actual demand(s), or load (2),
in the riser(s), in that a changing demand changes the
temperature of the heat exchanging fluid medium in the
return line(s) (4).
[0031] Fig. 2 illustrates a set up according to the
present invention, where a flow controller (9) is connect-
ed to a return line (4) associated with a collection of ra-
diators (6) for controlling the flow of heat exchanging fluid
in the lines supplying these radiators )6).
[0032] The flow controller (9) in one preferred but not
limiting embodiment has two operations in that both a
flow control valve and a pressure independent balancing
valve. The flow controller (9) in this embodiment includes
means to set a desired flow rate, and means to ensure
this substantially constant flow rate despite pressure
changes in the flow system. Such valves are available in
the market, where examples are the AB-QM product se-
ries provided by Danfoss A/S, and disclosed in e.g. the
patent DE 103 23 981.
[0033] Fig. 3 illustrates such a valve (9), or flow con-
troller, consisting of two parts, a differential pressure con-
troller and a control valve. The differential pressure con-
troller maintains a constant differential pressure across
the control valve (9). The control valve (9) comprises a
spindle (31), stuffing box (32), plastic ring (33), control
valve’s cone (34), membrane (35), main spring (36), hol-
low cone (pressure controller) (37) and vulcanized seat
(pressure controller) (38). The pressure difference ΔPcv
(P2 - P3) on the membrane (35) is balanced with the
force of the spring (36). Whenever the differential pres-
sure across the control valve (9) changes (due to a
change in available pressure, or movement of the control
valve) the hollow cone (37) is displaced to a new position
that brings a new equilibrium and therefore keeps the
differential pressure at a constant level. The control valve
(9) has a linear characteristic. It features a stroke limita-
tion function that allows adjustment of the Kv value. The
stroke limitation is changed by lifting the blocking mech-
anism and turning the top of the valve (9) to the desired
position. A blocking mechanism automatically prevents
unwanted changing of the setting.
[0034] Introducing such a flow controller (9) has one
further advantage, in that, for example, the flow in the
risers is regulated / controlled mutually independently,
despite being connected to common main supply (1) and
return (2) lines.
[0035] Returning to Fig. 2, the figure shows the flow
controller attached to the return line (4) of the last of the
radiators (6) seen in the direction of flow, an actuating
device (10) being connected to the flow controller (9),
optionally by the use of an adapter. Further seen is a
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temperature sensor (11) adapted to be positioned in ther-
mal exchange connection to the return line (4).
[0036] The actuating devices (10) may be actuators,
and may be self-acting or controlled, and operating in
any manner as known in the arts, such as electro-mag-
netic, pneumatic, hydraulic, electroactive etc.
[0037] Fig. 2 thus shows a system where the control
is based on two parts, one being related to regulating the
supply temperature in dependence of external condi-
tions, such as the external temperature, the second being
to regulate the flow associated with each collection of
heat exchangers (6), in dependence of the return tem-
perature, the temperature of the heat exchanging fluid
medium in a return line (4). The system thereby becomes
a variable flow system with individual flow control for each
riser depending on the load on each of the individual ris-
ers.
[0038] Fig. 4 shows two curves illustrating the regula-
tion according to the present invention. The upper curve
(12) illustrates a regulation dependence of the supply
temperature to the external temperature. Or at least il-
lustrates how a set point of the supply temperature
changes with changing external temperature. The exact
curve and dependence would depend on a number of
factors, such as e.g. the state of insulation of the housing,
and would typically be optimized to the conditions of the
actual system.
[0039] It is an advantage to change the temperature
set point of the return temperature according to the
changing of the set point of the supply temperature for
several reasons, such as problems caused by excess
heat.
[0040] In the same manner the lower line (13) therefore
illustrates a dependence of the regulation of the return
temperature set point, the curve being an update of basic
return temperature control where the return temperature
set point actively follows the result of the control of the
supply temperature based on the external temperature.
It is therefore a control of the set point of the return tem-
perature. The aim is that the performance of control
where flow is adjusted to load in each riser remains per-
fect throughout the heating season.
[0041] The lower curve (13) thus changes based on
two factors, supply temperature and load in riser(s), as
the load in the risers is unpredictable and changes from
100% to 0%,.
[0042] The system of the present invention thus intro-
duces a ’super’ control being the control of the supply
temperature set point in relation to external conditions,
and a ’sub’ control correcting the system by changing the
flow according to the return temperature, being related
to the load in the riser(s), and where the set point of the
return temperature in embodiments of the present inven-
tion actively changes according to the change of the set
point of the supply temperature.
[0043] Fig 5A shows a graphic representation of flow
to load relation in a traditional one-pipe system without
any regulation according to the present invention, where

the dashed line (14) illustrates the actual flow rate fluc-
tuating unpredictably since these systems are dynamic
due to the radiator thermostat (7) actions. The wavy line
(16) is the actual load clearly seen to be uncorrelated to
the actual flow rate.
[0044] The straight line (15) is caused by the introduc-
tion of the pressure independent flow controller (9) ac-
cording to the present invention.
[0045] Fig. 5B shows the situation according to the
present invention, where the flow is controlled in depend-
ence of the return temperature, thus controlling the flow
according to the demand, or load. This gives a flow rate
(17) much more matching the actual demand, and thus
giving a much more efficient system.
[0046] The illustrated system in Fig. 2 shows a simple
setup of the present invention, where the actuating de-
vice (10) operating flow rate setting of the flow controller
(9) is a thermostat of any kind as known in the arts, the
system thus being self acting. The temperature sensor
(11) being directly connected to the actuating device (10).
[0047] Such a setup has the advantage of not needing
any additional energy source for operation, and each ris-
er may be regulated individually. Using a standard ther-
mostat as actuating device (10) as known in the arts,
further gives the advantages that such devices often in-
clude means to set a temperature set point, the set point
of the return temperature therefore being adjustable ac-
cording to a dependence as, for example, illustrated in
Fig. 4.
[0048] Fig. 6 shows an embodiment where all sensors
(8), (9) and (19) (temperature sensor measuring the tem-
perature of the heat exchanging medium in the main sup-
ply line (1)) and flow controllers (9), or alternatively the
actuating devices (10) are connected to an electronic
controller (18) adapted to individually regulate the flows
in response to the measured temperatures. Introducing
such an electronic controller (18) gives a number of ad-
vantages in relation to the self acting actuating device.
[0049] The electronic controller (18) comprises the
needed means for electronic controllers (18) as they are
well known in the arts of electronic controllers.
[0050] The set point of the return temperature is auto-
matically adjustable according to the actual conditions
by the electronic controller (18), whereas in the self-act-
ing embodiment the set point of the return temperature
is usually set manually. This gives a huge potential in
saving energy, since the system would optimize the set
point of the return temperature according to an optimized
curve (13) as illustrated in Fig 4.
[0051] In this electronic version principle, the supply
temperature is controlled by the external temperature
measurement (the ’super control’). Based on these ’su-
per’-control actions the return temperature set point is
controlled to appropriate setting that makes it possible
to optimize the system performance throughout the year,
the performance therefore not depending on system load
(outside temperature). The ’sub’-controls of the flows in
the risers is related to the individual collection of radiators
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(6) / riser loads, and thus correlates flow to heat demand,
and thereby converts this one-pipe system from a tradi-
tional constant flow system into a highly energy efficient
variable flow system.
[0052] Another advantage is that the electronic con-
troller (18) allows monitoring and registering tempera-
tures and flows for control and system monitoring, in or-
der to actively optimise the system parameters over time.
[0053] For protection of the pump of the system, in the
case that all risers are closed, the electronic controller
(18) may in one embodiment automatically open valves
/ flow controllers (9) located in at least one of the risers
to ensure minimum flow.
[0054] The illustrated system comprises an external
temperature sensor (8) for measuring outdoor tempera-
ture. The regulation of the supply temperature in the main
supply line (1) may be done in any manner as it would
be obvious according to the actual set up. In the illustrated
substation setup system this could be by regulating the
primary flow of fluid to the primary side of the heat ex-
changer (20) of the substation.
[0055] The electronic controller (18) is connected to
the individual actuating devices (10), and is adapted to
induce an actuation. In one embodiment the state of the
actuating devices (10) is further registered by the elec-
tronic controller (18).
[0056] The electronic controller (18) is further connect-
ed to the temperature sensors (9) (19) measuring the
supply temperature of the main supply line (1) and the
return of the individual risers. Optionally it could also be
connected to the external condition / temperature sensor
(8).
[0057] In one embodiment, the actuating device (10)
attached to the flow controller (9) is pulse actuated. Pulse
width modulation as mean of control uses pulses at some
frequency to modulate control the flow precisely. The ac-
tuating device (10) is adapted to slowly close or open the
flow controller (9) in that it closes off or opens for the flow
in the riser, a pulse making the actuating device (9) open
or close a little for the flow. The frequency of the pulses
then defines the opening status of the flow controller (9).
The more frequent the pulses, the more open a flow con-
troller (9) or alternatively the more closed a flow controller
(9). The situation where the pulses make the actuating
member (10) close the flow controller (9) is preferred
since, in the case of a failure of the system, there would
still be a flow, but the present invention is not limited to
this.

Claims

1. Method of regulating a system comprising a plural
of risers each consisting of; a collection of heat ex-
changing devices (6) connected in series, such that
a return line (4) of one heat exchanging device (6)
is a feeding line (3) of a next heat exchanging device
(6),

and where feeding line (3) of the first of the heat
exchanging devices (6) of each riser, seen in the flow
direction, is connected to a main supply line (1),
and where return line (4) of the last of the heat ex-
changing devices (6) of each riser, seen in the flow
direction, is connected to a main return line (2),
where a heat exchanging fluid medium is feed from
the main supply line (1) to the collection of heat ex-
changing devices (6) at of each riser at a supply tem-
perature,
wherein the supply temperature is regulated accord-
ing to a supply set point temperature depending of
parameters external to the system, and the flow rates
of the individual risers are regulated according to a
return set point temperature depending on a temper-
ature of the heat exchanging fluid medium down-
stream of the first heat exchanging device (6) in the
collection.

2. Method according to claim 1, wherein the system
further comprises

- a flow controller (9) connected to a return line
(4) of each riser, the flow controller (9) being
adapted to control the flow rate through the re-
turn line (4),
- an actuating device (10) operating the flow con-
troller (9), and
- a temperature sensor (11) positioned in a heat
exchanging connection to the heat exchanging
fluid in the return line (4).

3. Method according to claim 2, wherein an electronic
controller (18) is connected to each actuating devic-
es (10) and the temperature sensor (11) is connected
to the return line (4) of the heat exchanging device
(6) where it is positioned in heat-exchange connec-
tion.

4. Method according to claim 3, wherein the electronic
controller is connected to a temperature sensor (19)
connected to the main supply line (1).

5. Method according to one of claims 1 or 4, wherein
the supply set point temperature is regulated in de-
pendence of an external temperature to the system.

6. Method according to claim 5, wherein the return set
point temperature is regulated in response to a reg-
ulation of the supply set point temperature.

7. Method according to one of claims 4 to 6, wherein
an external temperature sensor (8) is positioned to
measure a temperature external to the system.

8. Method according to any of the preceding claims,
wherein the flow rate in a riser is regulated according
to a set point temperature of the return temperature
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of the heat exchanging fluid medium after the last of
the heat exchanging devices (6) seen in the flow di-
rection.

9. Method according to any of claims 2-8, wherein at
least one actuating device (10) is an electro-mag-
netic, pneumatic, hydraulic or electrostrictive actua-
tor.

10. Method according to any of claims 2-9, wherein each
actuating device (10) is connected directly to a tem-
perature sensor (11) and is self-acting and includes
means to adjust the return temperature set point and
where the actuating device (10) is a thermostat.

11. System including the features of any of the preceding
claims and adapted to operate according to the
method.
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