20167202316 A1 |1 00 OO0 0 OO0 000

<

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

Organization é 0 00 O O

International Bureau .
_").//)/ (10) International Publication Number

\

(43) International Publication Date WO 2016 /202316 Al
22 December 2016 (22.12.2016) WIPO | PCT
(51) International Patent Classification: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
F24D 19/10 (2006.01) GOSD 23/19 (2006.01) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
. L PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(21) International Application Number: SD. SE. SG. SK. SL. SM. ST. SV. SY. TH. TJ. TM. TN
PCT/CZ2016/050018 TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(22) International Filing Date: (84) Designated States (uniess otherwise indicated, for every
14 June 2016 (14.06.2016)
e kind of regional protection available): ARIPO (BW, GH,
(25) Filing Language: Czech GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
o . TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(26) Publication Language: English TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(30) Priority Data: DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
2015-399 15 June 2015 (15.06.2015) cz LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, S, SK,
SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,
(72) Inventor; and GW, KM, ML, MR, NE, SN, TD, TG).
(71) Applicant : DOSTAL, Jiri [CZ/CZ]; Mostek 21, 56501 .
Chocen (CZ). Declarations under Rule 4.17:

(74) Agents: KRATOCHVIL, Vaclav et al; P.O. Box 26, & inventorship (Rule 4.17(iv))
29501 Mnichovo Hradiste (CZ). Published:

(81) Designated States (unless otherwise indicated, for every —  with international search report (Art. 21(3))
kind of national protection available): AE, AG, AL, AM b L . .. .
> i > —  before the expiration of the time limit for amending the
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, claims and to be republished in the event of receipt of
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, amendments (Rule 48.2(h))
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, ’
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

(54) Title: HEAT EXCHANGER CONTROL AND DIAGNOSTIC APPARATUS

FIG. 1

(57) Abstract: A heat exchanger (1) controlled by the device has its primary inlet (4) of a primary heat- transport liquid mounted
with a first temperature sensor (15); and its primary outlet (5) of the primary heat-transport liquid mounted with a second temperat -
ure sensor (20), where this primary outlet (5) is piped to a pump (2), comprising a pump impeller (6) connected to a motor (9), from
where the primary heat-transport liquid is piped by a plumbing (7) to a heat source and from there back to the primary inlet (4). At
the same time, there is a control unit (3) connected to the heat exchanger (1) and the pump (2) and contains a motor control unit (10)
bi- directionally connected to the motor (9). The heat exchanger (1) also has a secondary inlet (23) for a secondary heat-transport li -
quid and a secondary outlet (24) ducted to a temperature zone (25) and back to the secondary inlet (23). The control unit (3) also has
a temperature module (17), whose first input is connected by a communication channel (16) to an output of the temperature sensor
(15), and whose second input is connected by a communication channel (21) to an output of the second temperature sensor (20). The
temperature module (17) has its output (18) - a primary inlet temperature - connected to one input of a power calculation module
(19), and its output (22) - a primary outlet temperature - connected to other input of the power calculation module (19). The third in -
put (14) of the power calculation module (19) is connected to a flow estimation module (12). The flow estimation module has one
input connected to an output of a memory unit (13), and the other input connected by a bus (11) to an output of the motor control
unit (10). At the same time, there is an output (26) - a heat flow estimate - of the power calculation module (19) connected to one in -
put of a heat flow controller (27), whose other input (28) - a heat flow demand - is connected to an output of an operator unit (29),
and whose output (30) is connected to an input of the motor control unit (10).
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HEAT EXCHANGER CONTROL AND DIAGNOSTIC APPARATUS

Field of the invention

Heat transfer control is a necessary technology for many industrial processes and is a must in
residential heating. Heat from a heat source is transported through a distribution network into
terminal heat exchangers, where it is delivered. Power output control of the terminal heat
exchangers is then important for temperature control in adjacent processes or thermal zones.

Online diagnostics plays a major role in a correct and long-term heat exchanger operation.

Background of the invention

There is a solution, described in documents EP1752852B1, EP2778546A1, US5443207A,
US5622221A, US4629116, US20100163221, US7648347B2, where there is a pump connected
to a heat exchanger. A liquid mass flow through the pump is controlled directly by a temperature
difference between either a heat-transfer liquid temperature or a thermal zone temperature and
their respective setpoints. This solution uses only one temperature - the heat-transfer liquid of
the thermal zone temperature. A disadvantage of this solution is the fact that a power output of
the heat exchanger is not independent of inlet stream temperature changes. This solution does
not yield a heat delivery control independent of temperature changes on the heat-transport liquid

entering a heat exchanger.

An actual absolute heat exchanger power (a heat flow between primary and secondary heat-
transfer liquid) is calculated from an actual volumetric flow of at least one heat-transport liquid
and its temperature difference across the heat exchanger. There is a solution US20140222218,
where there is a temperature sensor mounted on a primary stream inlet and outlet, and there is
a flowmeter measuring flow rate of the primary stream. These sensor data are communicated
to a control unit, where an actual absolute power is calculated. The flow rate in this solution is
regulated by a motorized valve controlled by the control unit. The disadvantage of this solution
is the necessity to use a flow meter to measure the flow rate. The flow meter usage dramatically
increases the price of such a device and reduces reliability. This solution uses inlet and outlet

primary stream temperature sensors and a flow meter.

The actual volumetric flow rate may also be inferred from an operation conditions of a pump;
this solution is described for example in US8714934. The solution uses pump revolutions
reading, pump electric power use, and a temperature sensor mounted to a pump motor stator

coil to infer the flow rate. These sensor data are communicated to a microprocessor which,
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using previously stored pump power characteristics, calculates the actual flow rate through the
pump. This method had, however, been published before the US8714934 priority date (2 Nov.
2007) in the article Ganapathy, V. "Check pump performance from motor data." CHEMICAL
ENGINEERING 93.19 (1986): 91-92. The referred patent for this solution also does not cover

an independent heat flow control.

A system of runtime heat exchanger diagnostics is known, for example, from US5615733. Here
the heat exchanger is fitted with temperature sensors on an inlet and outlet of a hot stream, inlet
and outlet of a cold stream and there is a flow meter mounted on the hot stream. These sensor
data are communicated to a microprocessor, which calculates an overall heat exchange
coefficient of the heat exchanger. The calculated heat exchange coefficient is then used to

calculate a degree of fouling. A disadvantage of this solution is the need of a flowmeter.

Heat-use measuring is known, for example, from the solution US4245501. Two temperature
sensors are attached to an inlet and outlet pipe of a heat exchanger, and there is a flowmeter
mounted to this pipe. An analog electronic computation device then calculates an actual heat-
use from a temperature difference across the heating terminal and a actual flow rate. A
disadvantage of this solution is the need to use a flowmeter. There is also a solution US
2013/0259083 A1, which uses the same temperature measurements as the latter and an
ultrasonic flowmeter. Sensor data are communicated to a microprocessor, and the actual heat-

use is calculated there. A disadvantage of this solution is the utilization of a flowmeter.

Summary of the invention

The new invention comprises a device and a method of a heat exchange control of heat
exchangers of, for example, a water-to-air type and a system of diagnostics of such heat

exchangers.

In this solution, there is a first temperature sensor mounted to an inlet of a primary stream of a
heat exchanger and a second temperature sensor mounted to an outlet of the primary stream
from the heat exchanger. Primary outlet is fastened to a pump impeller housing, connected to
an electric motor, which is from the other end connected by piping to a heat source, from where
the pipes are connected back to the heat exchanger primary inlet closing the primary circuit.
The pump, comprising an impeller and motor, is appended with a control unit. The control unit
contains a motor control unit connected bi-directionally with the pump motor. Simultaneously,

the heat exchanger has a secondary inlet to where a secondary heat-transport liquid enters the
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heat exchanger and a secondary outlet where it leaves to go to a thermal zone, from where it is
ducted back to the secondary inlet. The key difference of the new device is that the control unit
contains a temperature module whose first input is connected by the first communication
channel with the output of the first temperature sensor and whose second input is connected by
the second communication channel to the output of the second temperature sensor. Temperature
module has primary inlet temperature output connected the first input of a power calculation
module and has the primary outlet temperature output connected to the second input of the
power calculation module. The third input to the power calculation module is connected to the
flow estimation module. The flow estimation module has one input connected to the output of
a memory unit and the other input with an output of a motor control unit. The output of the
power calculation module — the heat flow estimate - is connected to one input of a heat flow
controller whose other input — the heat flow demand - is connected to an output of an operator
unit. The heat flow controller output is connected with the motor control unit sending a motor

speed setting.

In one advantageous implementation, there is a third temperature sensor mounted to the
secondary inlet of the heat exchanger and it the sensor data are sent through a third
communication channel which connects the sensor to the third input of the temperature module
in the control unit. The temperature module has its zone temperature output connected to one
input of a temperature controller. The temperature controller has its other input — the
temperature setpoint — connected to the second output of the operator unit and its output is

connected to the heat flow demand input of the heat flow controller.

In other advantageous implementation, there is the third sensor on the secondary heat exchanger
inlet replaced with a fourth sensor placed in the thermal zone. The data from the fourth
temperature sensor and sent through a fourth communication channel to the third input of the

temperature module of the control unit.

The control unit can be augmented by a diagnostics module, whose first input is connected to
the primary inlet temperature output of the temperature module and whose second input is
connected to the zone temperature output of the temperature module and whose third input is
connected to the heat flow estimate output of the power calculation module. The output of the
diagnostics module sending out diagnostic information is connected by a communication

channel to the operator unit.
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The control unit can also be augmented by a heat-use module, whose first input is connected to
the heat flow estimate output of the power calculation module and whose output with the heat-

use information is connected to the operator unit.

The advantage of the described solution is that the absolute heat flow within the heat exchanger
is regulated independently of changes in the primary circuit liquid pressure, independently of
primary inlet temperature changes and further independently of secondary inlet temperature
changes and the secondary volumetric flow. If the device is used to control the thermal zone
temperature, then the disturbances, mentioned above, do not propagate to the temperature of

the zone. This mechanism enables for better zone temperature control quality.

The next advantage is the possibility to use the diagnostics module and get run-time diagnostic
information. That enables for an early alert of a degrading efficiency or a malfunction of the

heat exchanger. Maintenance or repair can be therefore done without any unnecessary delay.

The next advantage is the possibility to utilize the heat-use module that provides information
about the heat usage during a certain period. It is beneficial in, for example, energy billing

between consumers connected to one common heat supply.

Brief description of the drawings

The particular examples of the technical solution are schematically depicted in the enclosed

figures.

FIG. 1 shows a scheme of the connections between the pump, heat exchanger and the control
unit with a temperature sensor mounting positions marked, and with an interconnection of the

module allowing for heat flow control and zone temperature control.
FIG. 2 shows the extension of the control unit by the diagnostics module.
FIG. 3 shows the extension of the control unit by the heat-use module.

FIG. 4 shows flow-to-power characteristics of a pump.
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The figures show particular examples of the technical solution and by no means limit the

protection given by the definition.

Detailed description of the invention

The device depicted in FIG.1 comprises the heat exchanger 1, the pump 2 and the control unit
3. The heat exchanger 1 has the primary inlet 4 of the primary heat-transport liquid having the
first temperature sensor 15 mounted on and the primary outlet 5, where the primary heat-
transport liquid leaves, with the second temperature sensor 20 mounted on. The primary outlet
S is piped into the pump impeller housing 6, connected to the motor 9, from where it is piped
by plumbing 7 to the heat source and back to the primary inlet 4. The heat exchanger 1 also has
a secondary inlet 23 of the secondary heat-transport liquid and secondary outlet 24 connected

through the thermal zone 25 back to the secondary inlet 23.

The control unit 3 is connected to the heat exchanger 1 and the pump 2. The control unit includes
a temperature module 17, whose first input is connected by the first communication channel 16
to the output of the first temperature sensor 15, and whose second input is connected by the
communication channel 21 to the output of the second temperature sensor. The temperature
module 17 has its primary inlet temperature output 18 connected to the one input of the power
calculation module 19 and its primary outlet output 22 connected to other input of the power
calculation module 19. The last input 14 of the power calculation module 19 is connected to the
output of the flow estimation module 12. The flow estimation module 12 is by one of its inputs
connected to the output of the memory unit 13 and by other of its inputs connected, through a
bus 11, to the output of the motor control unit 10. The control unit 10, which is bi-directionally
connected to the motor 9 of the pump 2. The heat flow estimate output 26 of the power
calculation module 19 is connected to the input of the heat flow controller 27, the other input
of which — the heat flow demand 28 — is connected to the first output of the operator unit 29.
The output 30 of the heat flow controller 27 is connected to the input of the motor control unit

10.

The primary heat-transport liquid enters the heat exchanger 1 by the primary inlet 4, from where
it leaves through the primary outlet 5, which pipes it into the housing of the pump impeller 6,
from where it is piped by the plumbing 7 to the heat source and back to the primary inlet 4; this
completes the primary circuit. The primary liquid is pumped through the primary circuit by the
pump impeller 6 that is by a force link 8 driven by the motor 9. Electric current through the

coils of the motor 9 is controlled by the motor control unit 10. The actual current value, driving
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electric source voltage and motor revolutions are communicated from the motor control unit 10
by the bus 11 into the flow estimation module 12. The flow estimation module 12 calculates
the estimate of the flow through the primary circuit from information from the bus 11 and the
flow-power characteristics, depicted in FIG. 4 and stored in the memory unit 13, and sends the

information to the third input 14 of the power calculation module 19.

The memory module 13 stores the flow-power characteristics of the pump 2 for any admissible

revolutions of the pump impeller 6 in the revolutions range of the pump 2.

The primary inlet temperature sensor 15 mounted to the primary inlet 4 sends the temperature
information through the first communication channel 16, by cable or wirelessly, to the
temperature module 17, which transforms the information into the primary inlet temperature 18
that is further communicated to the power calculation module 19. The primary outlet
temperature sensor 20 is mounted on the primary outlet 5 and sends its temperature information
through the communication channel 21, by cable or wirelessly, to the temperature module 17.
The temperature module 17 transforms the information into the primary outlet temperature 22

which is further communicated to the power calculation module 19.

The secondary heat-transport liquid enters the heat exchanger 1 through the secondary inlet 23.
It exchanges heat with the primary heat-transport liquid and is outputted through the secondary
outlet 24, from where it is ducted to the thermal zone 25 and ducted back to the secondary inlet

23.

The power calculation module 19 calculates the actual estimated heat flow between the primary
and secondary liquid in the heat exchanger 1. The heat flow estimate is communicated by the
heat flow estimate output 26 to the heat flow controller 27. Heat flow controller 27 has its
second input — the heat flow demand 28 — connected to the first output of the operator unit 29.
Heat flow controller 27 regulates by its output 30 the motor control unit 10, and consequently
the pump impeller 6 revolutions, so that the heat flow estimate 26 asymptotically reaches the

heat flow demand 28.

Alternatively, there may be a third temperature sensor 31 mounted to the secondary inlet 23.
This third temperature sensor 31 sends its temperature information through the third
communication channel 32, by cable or wirelessly, to the third input of the temperature module
17. The temperature module 17 transforms the information into a zone temperature 35 that is

communicated to the temperature controller 36. The second input of the temperature controller
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36 — the temperature setpoint 37 — is connected to the second output of the operator unit 29.
The output of the temperature controller 36 is connected to the second input — the heat flow

demand 28 — of the heat flow controller 27.

The zone temperature 35 can be alternatively obtained from the fourth temperature sensor 33
placed in the thermal zone 25. The sensor 35 sends its temperature information through the
fourth communication channel 34, by cable or wirelessly, to the temperature module 17. The
fourth communication channel 34 replaces the channel 32 in its connection to the third input to

the temperature module 17.

The temperature controller 36 controls the heat demand input of the heat flow controller in such
a way that the zone temperature 35 asymptotically reaches the temperature setpoint 37

communicated from the second output of the operator unit 29.

The augmentation of the control unit 3 by the heat exchanger run-time diagnostics is depicted
in FIG. 2. The control unit 3 includes the diagnostics module 39, whose first input is connected
to the primary inlet temperature output 18, and whose second input is connected to the zone
temperature output 35 of the temperature module 17, and whose third input is connected to the
heat flow estimate output 26 of the power calculation module 19. Diagnostic information is

communicated through the output 39 to the operator unit 29.

The augmentation of the control unit 3 by the heat-use module is depicted in FIG. 3. The control
unit 3 includes the heat-use module 41, whose first input is connected to the heat flow estimate
output 26. The module calculates the actual heat use and sends it using the output 42 to the

operator unit 29.

From the above mentioned it is apparent that the pump 2 is connected to the primary circuit
near the heat exchanger 1. The temperature sensors 15, 20 and 31 or 33 are mounted so that
they measure the temperature of the primary heat-transport unit on the inlet and outlet of the
heat exchanger 1 and the temperature in the zone 25. These temperature measurements are
realized either by cable temperature sensors or wireless temperature sensors. The control unit 3
contains a microprocessor in which there is, by an algorithm, realized the flow estimation
module 12, memory module 13, power calculation module 19 and heat flow controller 27.
These modules altogether with a motor control unit 10 ensure the heat flow control. Next

microprocessor algorithm realizes the temperature controller 36 controlling the temperature in
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the zone 25. Diagnostics module 39 and the heat-use module 41 are also realized

algorithmically.

The control unit 3 further contains the motor control unit 10 and temperature module 17 which

are standalone electronic units.

The heat flow control method is based on the heat flow equation

Qp = Ti’lp Cpp (Tp,inlet - Tp,outlet)'

where Q,[W] is, in steady state, the absolute heat flow from the primary liquid, r,[kg/s] is
the mass flow of the primary liquid,c,,[//kg K] is the mass specific heat capacity of the
primary liquid and (Tp,inlet - Tp,ouﬂet) [K] is the temperature difference in the primary liquid
across the heat exchanger 1. The mass flow m,, is estimated by an algorithm, realizing the flow
estimation module 12, in the microprocessor of the control unit 3 from the run-time parameters
of the pump 2. Specific heat capacity is a constant know the physics and the temperature
difference (Tp,inlet - Tp,ouﬂet) is measured by the temperature sensors 15 and 20. The power

calculation module 19 calculated by the above-mentioned equation the heat flow estimate and
the heat flow controller 27 then controls the mass flow so that the heat flow estimate 26 reaches
the heat flow demand 28. The heat flow demand 28 is communicated from the operator unit 29

or the temperature controller 36 when it is used.

The device and the control algorithms assure that the actual heat flow in the heat exchanger 1
is, when it is physically plausible, regulated to the heat demand value independently of the
pressure changes on the primary stream, the changes in the primary inlet temperature, the

changes in the secondary inlet temperature and the secondary liquid volumetric flow.

The run-time diagnostics of the heat exchanger 1, realized in module 39, is based on the

effectivity method (NTU) and the equation

Qs = EVSCV,s(Tp,inlet - Ts,inlet)'

where Q¢ [W1] is the steady state heat flow to the secondary liquid, &[.] is the effectivity of the
heat transfer, V;[m3/s] is the volumetric flow of the secondary liquid, ¢y ;[J/m3 K] is the
volumetric specific heat capacity of the secondary liquid know from the physics and
(Tp,inlet - Ts,inlet) [K] is the temperature difference between the primary inlet temperature and

the secondary inlet temperature. The secondary inlet temperature is the zone temperature 35.
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When the heat exchanger settles into a steady state, i.e. no dynamic thermal processes occur in
the heat exchanger body, then the heat flow from the primary liquid equals to the heat flow to
the secondary liquid @, = Q. Since the temperature differences are measured, the specific
capacities are known constant, and the volumetric flow of the secondary liquid is considered
constant - set for example by constant fan setting — the efficiency of the heat transfer in the heat

exchanger 1 may be computed.

The efficiency values are stored in the memory unit 13 and analyzed in a long-term to reveal
deterioration of the efficiency caused by fouling. In short-term, the efficiency may indicate a

malfunction or other system changes.

The device may also act as a heat meter by use of the heat-use module 41. The absolute actual
heat flow in the heat exchanger 1 is known from the heat flow estimate 26. Integration of the
heat flow over a specified time period results in the heat-use over that period. The calculation

may by for example be realized by the following equation

ST(t) =T, z Qp (k),

k=t-Tsr

where ST (t)[W1] is the heat-use over the period T [s] and T, [s] is the heat flow measurement

period.

Utility of the patent

The device according to the realization described above is intended to be used to control the
power of heat exchangers independently of the primary liquid pressure and temperature changes
and secondary liquid temperature and flow changes. It may further be used to control a
temperature in a connected thermal zone, diagnose the heat exchanger and measure heat

transferred from the primary liquid to the secondary liquid.
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PATENT CLAIMS

Heat exchanger control and diagnostic apparatus where a heat exchanger (1) has its primary
inlet (4) of a primary heat-transport liquid mounted with a first temperature sensor (15); and its
primary outlet (5) of the primary heat-transport liquid mounted with a second temperature
sensor (20), where this primary outlet (5) is piped to a pump (2) , comprising a pump impeller
(6) connected to a motor (9), from where the primary heat-transport liquid is piped by a
plumbing (7) to a heat source and from there back to the primary inlet (4); where at the same
time there is a control unit (3) connected to the heat exchanger (1) and the pump (2) and contains
a motor control unit (10) bi-directionally connected to the motor (9); where at the same time
the heat exchanger (1) has a secondary inlet (23) for a secondary heat-transport liquid and a
secondary outlet (24) ducted to a temperature zone (25) and back to the secondary inlet (23),
wherein the improvement comprises the control unit (3) augmented by a temperature module
(17), whose first input is connected by a communication channel (16) to an output of the
temperature sensor (15), and whose second input is connected by a communication channel
(21) to an output of the second temperature sensor (20); where at the same time the temperature
module (17) has its output (18) — a primary inlet temperature — connected to one input of a
power calculation module (19), and an output (22) — a primary outlet temperature — connected
to other input of the power calculation module (19), whose third input (14) is connected to a
flow estimation module (12), whose one input is connected to an output of a memory unit (13),
and whose other input is connected by a bus (11) to an output of the motor control unit (10);
where at the same time an output (26) — a heat flow estimate — of the power calculation module
(19) is connected to one input of a heat flow controller (27), whose other input (28) — a heat
flow demand — is connected to an output of an operator unit (29), and whose output (30) is

connected to an input of the motor control unit (10).

The apparatus of Claim 1, further comprising a third temperature sensor mounted to the heat
exchanger secondary inlet (23), which is connected by a communication channel (32) to a third
input of the temperature module (17), which has an output (35) — a zone temperature —
connected to one input of a temperature controller (36), whose other input (37) — a temperature
setpoint — is connected to a second output of the operator unit (29) and whose output is

connected to the second input (28) — the heat demand — of the heat flow controller (27).

. The apparatus of Claim 1, further comprising a fourth temperature sensor (33) placed in the

thermal zone (25) connected by a communication channel (34) to the third input of the

temperature module (17), which has an output (35) — a zone temperature — connected to one
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input of a temperature controller (36), whose other input (37) — a temperature setpoint — is
connected to a second output of the operator unit (29) and whose output is connected to the

second input (28) — the heat demand — of the heat flow controller (27).

The apparatus as in any of Claims 2 or 3, further comprising the control unit (3) extended by
a diagnostics module (39), whose first input is connected to the output (18) — the primary inlet
temperature, and whose second input is connected to the output (35) — the zone temperature —
of the temperature module (17), and whose third input is connected to the output (26) — the heat
flow estimate, and whose output (40) — diagnostic information — is connected to the operator

unit (29).

The apparatus as in any of the preceding claims in which the control unit (3) is extended by a
heat-use module (41), whose first input is connected to the output (26) — the heat flow estimate,

and whose output (42) — a heat-use value — is connected to the operator unit (29).
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