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(57) Abréegée/Abstract:
A method for monitoring the fill level of a liquid (F) in a liquid container, in particular for monitoring the coolant fill level in a reactor

pressure vessel (4) of a pressurized water reactor system, wherein a determination iIs made about the drop in the liquid level (10)
below the Installed height of a heated thermal element (HT) by way of the temperature difference (DT) measured between said
heated thermal element (HT) and an unheated thermal element (UHT) associated therewith, both of said elements being disposed
In the liguid container, saild method comprising the especially reliable triggering of an alarm with a short response time while
maintaining a low level of physical and controls engineering complexity when the liquid level to be monitored falls below a critical
value. To this end, according to the invention the temporal progression of the temperature difference (DT) Is continuously
monitored for any significant increase, in particular sudden increase, within a time interval of pre-determined duration (At) prior to
the respective evaluation time (t0), whereln an alarm signal Is issued as soon as the change (ADT) in the temperature difference
(DT) within said time Interval reaches or exceeds a pre-determined limit value.

<o
Sy SR VEEEEN
.l.!.\‘\-c.c..--.
. N r
' e [ [ [
T
o

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02723264 2010-11-02

Abstract

A method for monitoring the fill level of a liquid (F) in a liquid container, in particular
for monitoring the coolant fill level in a reactor pressure vessel (4) of a pressurized water
reactor system, wherein a determination is made about the drop in the liquid level (10)
below the installed height of a heated thermal element (HT) by way of the temperature
difference (DT) measured between said heated thermal element (HT) and an unheated
thermal element (UHT) associated therewith, both of said elements being disposed 1n the
liquid container, said method comprising the especially reliable triggering of an alarm
with a short response time while maintaining a low level of physical and controls
engineering complexity when the liquid level to be monitored falls below a critical value.
To this end, according to the invention the temporal progression of the temperature
difference (DT) is continuously monitored for any significant increase, in particular
sudden increase, within a time interval of pre-determined duration (At) prior to the
respective evaluation time (t), wherein an alarm signal is 1ssued as soon as the change
(ADT) in the temperature difference (DT) within said time interval reaches or exceeds a
pre-determined limit value.
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Description

Method and device for monitoring the fill level of a

liquid in a liquid container

The 1invention relates to a method for monitoring the

F

fi11ll 1level of a 1liquid in a ligquid container, in

particular for monitoring the coolant fill level in a
reactor pressure vessel 1n a pressurized-water reactor
plant, 1in which the sinking of the ligquid level below

P

the 1installation height of -a heated thermocouple 1is

inferred wusing the measured temperature difference
between the heated thermocouple and - an associated
unheated thermocouple, which are both arranged in the
liquld container. The invention further relates to an
electronlc evaluation and control unit for carrying out

the method and to a device for monitoring fill levels

with such an evaluation and control unit.

Measuring devices or fill 1level probes in which the

fill 1level height in a liquid container is inferred

using the thermovoltage produced by a heated
thermocouple are used in particular in nuclear power
plants since they are relatively insensitive to
radioactive radiation compared to measuring devices
pased on other measurement principles and can therefore
also function reliably in the case of an incident with
radiation values which may be increased. Such measuring

devices are used for example in the reactor pressure

vessel of a pressurized-water reactor for monitoring

therein - 1n particular during start-up and shut-down

operations and during transient operating states - the

level height of the cooling liquid flowing through the

ﬂ

primary circuit of the power plant installation above

the fuel assemblies.

The measurement principle makes use of the different

heat transfer characteristics which occur when heat is

transferred from a heating element to a liguid coolant
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surrounding the heating element, on the one hand, and
to a gaseous or vaporous medium, on the other hand. As
long as the liquid cooling medium surrounds the heating

element, the heat generated by the latter 1s dissipated

quickly, with the result that even in its immediate
vicinlity the temperature 1is only negligibly above that

surrounding temperature which would occur 1in the

unheated case. If now, by way of example, the situation
arises during regular reactor operation or also 1in the
case of a reactor 1incident that, due to the manner of
operation or to a pressure drop in the primary circuit,
the liquid level 1n the reactor pressure vessel sinks
pelow the height of the heating element, the latter is
therefore surrounded by wvaporous coolant, and the heat
transfer characterilistics thus deteriorate. As a result,
the temperature surrounding the heating element rises,
which can be detected by a thermometer mounted adjacent

to the heating element or a temperature sensor.

Sultable temperature sensors used due to their reliable

and robust operating method are typilcally thermocouples

which provide a thermovoltage which is largely

proportional to the temperature.

Usually a plurality of heated thermocouples are
arranged at specific spacings from one another on a
rod- or tube-shaped support or on/in an elongate
measurement tube which 1s 1mmersed in the liguid to be
monitored with regard to its level height and inside
which the supply and signal lines necessary for the
supply of power to the heating elements and for the
transmission of signals to an external evaluation unit
are also guided. The sensors arranged at various
neights or measurement positions thus permlit a digital,

——

physically discrete indication of the fill level height

1n the vessel, with the (spatial) resolution being a
function of the number of thermosensors per height

section.
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A measuring device of this type 1s known for example
from DE 10 2006 025 220 Al. In addition to the heated

thermocouples acting as primary signal transmitters,

-]

unheated thermocouples which supply a reference signal

assigned to the respective primary signal are also

arranged 1nside the measurement tube. In this manner,
1t 1s also possible to take 1nto account a temporal
variation of the 1liguid temperature or surrounding
temperature when evaluating the temperature information

and determining the fi11ll] level height therefrom.

Without such a measure, for example, a rise or fall 1n
the liguid temperature could erroneously be 1nterpreted
as a varlation 1in the filling height or an actual
change 1n the filling height could be “covered up” by a

simultaneous change 1n the ligquid temperature.

Tyvplcally, the temperature difference between a heated
thermocouple and an unheated (reference) thermocouple
assigned thereto 1s ascertained when evaluating the

measurement signals. An alarm 1s triggered when the

temperature difference reaches a specific pre-specified
value, which can no longer Dbe mistaken for a normal
temperature fluctuation of the reactor medium but
signals reliably that the liguid level has sunk below
the 1nstallation height of the heated thermocouple 1n

the ligquid contailiner. In order to trigger an alarm,

—

elther 1nformation relating to the temperature of the

heated and of the associated unheated thermocouple

(reference temperature) 1s needed and the temperature

difference 1s then formed i1in the electronic evaluation
system, or the heated and unheated thermocouples are

connected to one another such that the resulting signal

directly reflects the temperature difference Dbetween
the two.

In the nuclear-engineering context, thilis means that:

due to such a wuse of the reference temperature
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measurement, changes 1n the coolant temperature 1n the
reactor chnﬁjmj start-up and shut-down or  sudden
temperature changes as a result of exceptional output
increases or so-called cold strands have no or at least
hardly any effect on the temperature difference, since
the heated and the associated unheated thermocouple are

equally affected thereby.

However, this 1s only strictly true for an 1dealized

F
fp—

viewpolnt. In practice, on the other hand, effects of

secondary order must be taken 1nto account:

This 1ncludes predominantly the fact that without
active heating. current regulation the temperature
difference between heated and unheated thermocouples
decreases with rising ambient temperature, 1.e. with

rising temperature of the reactor coolant. One of the

reasons for this 1s that wilith rising media temperature
in the 1ligquid container, the heating wilre with the
heating elements or heating zones (heating wire

y——

sections with 1ncreased reslistance) provided  for

heating the thermocouples 1s also heated more strongly
(from the outside). As a result, the resistance in the
heatlng wlre 1ncreases and, with the voltage remalnlng
the same, a lower current flows through 1t. As a result

thereof, the thermal output of the heating element also

decreases, since said output 1s proportional to the

P

square of the current which flows through it (P=R*I¢).

That means: since, on the one hand, with unregulated

heating current the temperature difference between
neated and unheated thermocouples, which are surrounded
by 1liquid, decreases with rising temperature of the

liquid, but, on the other hand, a single constant

threshold wvalue of the temperature difference for

pp—
p—

triggering an alarm 1s usually fixed for reasons of

simplicity 1n terms of regulation technology, the

temperature rise of the heated thermocouple, which 1is
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necessary for triggering an alarm and 1s effected, when
the liquid level sinks and during the change 1nto the
vapor phase, by way of the change 1n the heat transfer

characteristic, 1increases with rising temperature.

If the necessary rise 1n temperature up to when the
threshold wvalue 1s reached 1s too great, this can lead
to an 1nadmilissilibly long reaction time which no longer
corresponds to the safety-technological specifications.
In addition, a lower heat output with simultaneously
1ncreased amblent temperature also leads to a less
sudden signal change 1f the 1ligquid level sinks below
the height of the heated thermocouple. This means that
in the worst case the alarm will no longer be triggered

at all.

In order to compensate for the described effects, a
method and a correspondingly adapted measuring device

have been developed, 1n which the heating current of

the heating wire 1s regulated such that, even 1f the

operating temperatures rise, 1t will not decrease or

will ©possibly even 1ncrease slightly 1n order to

shorten 1n the high temperature range the reaction time
of the system, that 1s to say the reaction time 1n the

case of an alarm. Due to heating current reqgulation of

this kind, 1n practice the temperature difference
("delta T”) Dbetween the heated and the associated
unheated thermocouple 1n the ligquid 1s approximately
constant, 1.e. 1ndependent of the operating

Cemperature.

In other words: the heating current regulation leads to
an approximately?fhorizontal. characteristic line 1n a
graph, 1n which the temperature difference between the
heated and the unheated thermocouple - in ligquid - 1is
plotted over the media temperature (“delta T over T”).

Thlis makes 1t possible to determine a single 1limit
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value for the temperature difference between the heated

and the unheated thermocouple,

° with, 1f 1t 1s exceeded, an alarm being triggered
which reliably signals that the fill 1level has

dropped below the heated thermocouple,

o which applies to the entire admissible temperature
range of the 1liguid to be monitored (reactor
cooling medium),

o and which enables acceptable reaction times.

N

In addition to these obvious advantages, the method of
heating current regulation also has disadvantages,

however:

one essential disadvantage 1s that the heating current

regulation could malfunction under unfavorable

gr—
P

conditions. In the case of an assumed malfunction of

the heating current regulation, the characteristic line
of the temperature difference between the heated and
the unheated thermocouple, plotted over the operating

temperature, would again change unfavorably.

In the case where this applies to nuclear engineering,

this means: 1f after such a regulation malfunction
during the operation the heating current 1is manually

1ncreased 1n order to shorten the reaction time or to

ensure that the alarm 1s triggered, this leads to

triggering of an alarm during shut-down of the reactor
even though the coolant level has actually not sunk at
all (false alarm). Depending on any realized locking

mechanisms, a false triggering of an alarm could thus
lead to automatic start-up of the high pressure
injection pumps, and thus ultimately to an undesired
increase 1n pressure 1in the primary circuit with
subsequent response by the safety valves. On account of
this behavior, the measurement system cannot Dbe
operated at all operating temperatures with the heating

output matched to the highest operating temperature,
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which is exactly what would be desirable in view of the
desired height of the sudden signal change in- the

response- case.

5 'In addition, the following further problems also apply:
when a colder medium flows around parts of the heating
wire, this leads to a reduction in the heating current
and thus, 1in addition to a decrease in the temperature
difference between the heated and the unheated

10 thermocouple, also to a less sudden signal change. The -
reason for this is that the currently used regulation
detects the <change in the medium temperature only
indirectly wvia the <change in the heating wire
resistancé. '

15
This indirect regulation also results 1in the need for
the heating wire to be made of a material, the
resistivity of ~which changes significantiy as a
function " of the temperature, since this 1s a

20 prerequisite of stable regulation. This fact influences
the probe design strongly since it must be ensured that
the heating wire used has the reduired properties. This
can cause a significant outlay in terms of coordination
with respect to the interface between the actual

25 measurement probe and the electronic evaluation system.

The present invention in some embodiments is therefore based on

the object of specifying a method and an assocliated device for
monitoring the £fill 1level, which method and device

30 enable particularly reliable alarm triggering with
short reaction times as soon as the liquid level to Dbe
monitored falls below a critical value, while keeping

the outlay in terms of apparatus and regulation

technology low.

35

With respect to the method , the object is achieved
according to the invention in some embodiments by way of the

fact that the temporal profile of the temperature difference 1is
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.continuously monitored for a significant, in particular

sudden, increase within a time interval, which occurs

, before the respective evaluation time point, of a

an alarm

duration which 1s previously fixed, where
the

signal 1is output as soon as the <change 1in
temperature difference within the time interval reaches

or exceeds a previously fixed limit value.

The invention in some embodiments proceeds from the assumption
that the evaluation of the measured temperature difference

between the heated and the unheated thermocouple should
be entirely designed for earliest possible detection of
comparatively steep or sudden rising edges in the
difference signal 1in order to be in’ a position to

detect a sinking liquid level at a very early stage. In

a departure from the hitherto realized measurement

principle, in which alarm triggering is plain and

simply connected to the fact that the measured

temperature difference will at some point in the

monitoring interval exceed a (global) limit value which
has been set once, the temporal change in the

temperature difference within a time 1interval of a

previously fixed duration 1is now defined as the

triggering criterion. If the value of the temperature

difference is plotted over time in the manner of a
“time window”

relevant for the evaluation here moves,- as it were,

together with the profile of the function which

progresses in the direction of the time axis, 1i.e. 1it

1s constantly updated.

The length of the time interval is expediently chosen

that, in terms -of order of magnitude, 1t
or is slightly shorter

such

substantially corresponds to,
than, the time scale of the processes to be monitored,

i.e. of the level changes and the temperature dynamics

at the thermocouples caused thereby. Moreover, the

measurement principle is  expediently configured for
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real-time monitoring: the end time point of the time
lnterval relevant for the evaluation therefore
substantially coincides with the evaluation time poilnt,
which 1in turn substantially corresponds to that time
point for which the last measurement value of the
temperature difference between the heated and the

unheated thermocouple 1s available.

In a particularly advantageous embodiment, a sequence

of differential temperatures 1s ascertained over a

large number of periodically sequential measurement

time points, wherein the differences between the last

ascertalned sequence element and all of 1ts

predecessors, the measurement time points of which fall

within a time 1interval of pre-specified length, are

formed at an evaluation time point, and wherein an

r—

alarm signal is output as soon as at least one of the

differences reaches or exceeds a previously fixed limit

value. In this case, the evaluation process 1S

expediently repeated 1n the manner of an 1terative

procedure at each measurement time point.

Such a wvariant of the method with discrete time steps

is particularly well suited for 1mplementation 1n a

digital electronic evaluation system, 1n particular 1in
digital safety control technology 1n a nuclear
engineering plant. The time 1nterval Dbetween the
individual measurement time polnts 1s 1n this case
advantageously chosen to be considerably shorter than

the duration of the time 1nterval relevant for the

evaluation. Owing to said type of difference formation

between the sequence elements 1n the measurement

series, sudden changes 1n the temperature difference

between the heated and the unheated thermocouple are

ascertained particularly consistently. In the extreme
case, a corresponding sudden signal change between two
successlive time steps (evaluation time polnt and

directly ©preceding measurement time  polnt) would
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pr—

already cause an 1immediate triggering of an alarm. On

the other hand, even an 1ncrease 1n the temperature
difference which 1s not that abrupt leads to an alarm
being triggered 1f only the set limit value for the
change 1s exceeded within the pre-specified evaluatlon

interval.

It is particularly advantageous 1n an application 1n
the nuclear englneering field 1f the temporal gap
between two 1mmediately successlive measurement time
points 1s pre-specified to be 1n the range between
50 ms and 1000 ms, 1n particular 1n the range between
100 ms and 350 ms. The length of the time 1interval
relevant for the respective evaluation process 1S

advantageously pre-specifled to be 1n the range between

30 s and 100 s and 1s, 1n particular, approximately
50 s. This approximately corresponds to the time
interval within which the thermal balance processes at
the thermocouples and their cladding are typically
concluded after the coolant fi1ll level 1n the reactor

pressure vessel has sunk below the heated thermocouple.

For example, 1f the temporal gap between successive

measurement time points 1s 250 ms and the time 1nterval

relevant for the evaluation 1s set to be 50 s, 200

measurement signals for the differential temperature
between the heated and the unheated thermocouple must
be temporarily stored 1n the electronic evaluation
system for a single evaluation process. Advantageously,

this temporary storage takes place 1n a memory module

operating on the first-in-first-out principle (FIFO

princiéle). Like 1n a shift register, the memory

content 1s here shifted by one memory location with

each time step and the now free memory position 1s

occupied by the measurement value ascertained last.

If the temperature difference between the heated and

the unheated thermocouple 1s only formed 1n the
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evaluation apparatus, and a corresponding difference

signal 1s not already provided by a corresponding

interconnection of the thermocouples, temporary storage

L

of the individual temperature signals o©f the two
mutually assigned thermocouples can advantageously also

be provided. The difference wilth respect to the two

thermocouples is then formed in the evaluation unit,

whereln the individual differential temperatures
between the heated and the unheated thermocouple are
then likewise advantageously temporarily stored 1n

order to obviate the need to calculate them anew each

time when the differences between temporally successive
sequence elements are formed (although the latter would

in princiliple also be possible).

In one advantageous development, alarm staggering 1S

provided, 1in which for the respective evaluation

process a plurality of different limit values are pre-
specified, where respectively different alerts,
possibly with  different sequence reactions, are

triggered when said limit wvalues are reached or
exceeded. By way of example, advance warnings can be
triggered in the case of specific, comparatively minor

sudden changes 1in the differential temperature, which

are previously fixed, and the attention of the operator

can thus be steered to any exlsting problems. In other

words, provision may initially be  made for a

preliminary state of alert to be i1ntroduced, with

states of alert of varying severlity or priority

following.

P
-

It 1s furthermore advantageous 1f an alarm or state o:

alert, once triggered, 1s canceled when the fi1ll level

in the wvessel to be monitored rises agaln after an

initial drop.

In a first wvariant, which can be applied equally 1n

thermocouples wilth oY without heating current
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regulation, the alarm is deactivated if, after the
alarm has been triggered, it 1is determined that the
temperature difference between the heated and the

unheated thermocouple has dropped by a pre-specified
5 amount within a pre-specified time interval. That means

that here, too, the change in the measurement value.

within a specific time interval is once again crucial.

In a second wvariant, which, however, only makes sense
10 in the case of heating current regulation, an alarm,
once triggered, i1is deactivated i1f, after the alarm has
been triggered, it 1i1is determined that the temperature
difference has dropped to, or below, a threshold value
which 1is pre-specified in a temperature-independent

15 fashion.

Alternatively, 1in a third wvariant, the temperature
and/or the pressure of the medium, which is to be

. monitored with respect to its fill level height, in the
20 liquid container is measured and an alarm, once it has
been triggered, is deactivated if, after the alarm has
been triggered, it is determined that the temperature
difference between the heated and the unheated
thermocouple has dropped to, or below, a threshold

25 wvalue which is_ pre-specified in dependence on the

instantaneous temperature and/or the instantaneous

pressure.

With respect to the device in some embodiments, the object set out in

30 the introduction is achieved by way of an electronic
evaluation and control unit for use in a device for

‘monitoring the fill level of a 1liquid 1in a liquid
container, comprisin“g: '

. in each case one signal 1input for the measurement

35 signals of an associated heated and an unheated

thermocouple, and a subtraction unit, which forms

a temperature difference signal, which 1is

characteristic for the temperature difference with
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- 13 _
respect to the two thermocouples, from the

measurement éignals,
* .*'or; alternatively, a signal input for - a
| temperature difference signal of a circuit with a
5 heated and an unheated thermo_couple; |
o ‘an evaluation ‘unit with 'means for continuous
monitoring of the temporal profile of the
temperature difference for a significant, in
' particular sudden, increase within a time interval
10 . of previously fixed duration, which time interval
| occurs before the respective evaluation. time
point, -
. and means for outputting an alarm signal as soon
as the- increase in the temperature difference
15 within the time 'interv_al reaches or exceeds a

previously fixed limit value.

The electronic evaluation and control unit is in this
case expediently a component of a device for monitoring
20 the liquid £ill level in a liquid container, in
particular for monitoring the coolant fill level in a
reactor pressure vessel in a pressurized-water reactor,
which device comprises at least one heated and one
associated unheated thermocouple which are connected to
25 . the evaluation and control unit.

The concept according to the invention in some embodiments
has, compared to concepts which are known or used to date,
a whole host of advantages:

30
1. No more need of a horizontal differential

temperature characteristic line

As described in the introduction, it has so far been
35 necessary °‘to achieve in the 1liquid phase an
approximately equal temperature difference between
heated and associated unheated thermocouples which is

independent of the operating temperature. With the
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novel evaluation method, there 1i1s no more need for a

horizontal characteristic Jline of the differential

temperature, which 1is parallel to the time axls, since

F
p—

only differential temperature changes within a specific

time interval, for example within the last 50 s, are

evaluated.

2. Malfunction of the heating current regulation does

not pose a problem

In the case where heating current regulation 1s
present, the only requirement 1n terms of the heating

current 1s now that 1t must be measured sucn that even

at maximum operating temperature a sufficiently great

signal change (differential temperature change) withiln

ﬁ

a sufficiently short period of time 1s ensured 1f the

F
p—

ligquid 1level sinks below the heated thermocouple. 1If

the heating current regulation 1s desligned such that
the  heating current  assumes, 1f  the regulation
malfunctions, 1ts wvalue which 1s provided for maxlmum

operating temperatures (maximum admissible voltage),

the function of the fill 1level measurement 1s also no

longer 1mpaired 1f the heating current regulation

malfunctions.

3. Possibility to dispense with active heating

current regulation

The novel manner of signal evaluatlon also enables, 1n

principle, the operation of the heating wire for the

heated thermocouple at all times with the voltage

P

provided for maximum operating temperatures. It 1s

possible to completely dispense wilith active regulation,

wilthout this resulting i1in false alarms during start-up

and shut-down. A constant voltage applied at the
heating wlre results 1n higher current when the reactor

cools due to the decreasing heating wire resistance. AsS

a result, the differential temperature between the
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heated and the unheated thermocouple 1increases with
decreasing coolant temperature 1in the reactor, which
could hitherto trigger false alarms. Due to the novel
method of signal evaluation, however, this 1s no longer
a problem since this temperature rise 1n the reactor
medium 1s not of a sudden character. In addition, due
to the 1increasing heating current, the reaction times
are shorter and the signal changes greater.

—
p—

If the active regulation malfunctions, the material of

the heating wilire between the heating elements can also

be optimized such that 1t has as low a resistance as

possible and the current consumption of the measurement
system 1s lowered. In this case, there 1s no longer any
need to heed the hitherto required temperature-
dependent minimum change 1n the heating wilre

resistance, which has hitherto been necessary for

achieving stable regulation. Quite the contrary, the

resistance change of the entlire heating wlre as a

function of the temperature should now be as low as
possible so that the currents do not become too high at

low temperatures.

If a plurality of thermocouples are heated with the
same heating wire, the novel signal evaluation makes 1t
possible to calibrate only the thermocouple with the
worst reaction at maximum operating temperature. The
other thermocouples do not need to be calibrated

P

especilally, since a horizontal differential temperature

characteristic line 1s no longer necessary.

This 1s especially advantageous for the design of such

P
—

measurement probes, 1n which a plurality O:

thermocouples are heated by a single heating wire and

1n which 1t 1s particularly difficult to simultaneocusly

achieve a horizontal characteristic line for all the

P
—

measured differential temperatures.
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4 If required, simplified heating current regulation

1s possible

If regulation of the heating current as a function of
the operating temperature 1s not to be completely
dispensed with (for example 1n order to save even more
enerqgy), the problems 1in the current heatling current

regulation in terms of cold strands can be avoided by

fixing the heating current directly as a function of
the average media temperature. Thilis 1s now possible

without disadvantageous consequences owlng to the

th

reduced requirements 1in terms of the differential

temperature characteristic line and thus of the

magnitude of the heating current.

5. Shorter reaction times

pr—
pr—

Despite heating current requlation, and especially 1f

1t malfunctilions, different lncreases 1in the
differential temperature between heated and unheated
thermocouples at different operating temperatures have

hitherto been necessary to trigger an alarm. Since 1n

the novel method of signal evaluation an alarm 1s

always triggered when the differential temperature

within a specific time 1interval has 1ncreased by a

specific, fixedly pre-specified amount, the reaction
times for all operating temperatures shorten to the
shortest reaction times which can be achieved with the

previous evaluation method.

0 . Flexible 1individual limit wvalues and optimized

reaction times

i)

In conjunction with a digital system architecture, 1f

T

requilred, 1t 15 possible, for each palr O

thermocouples, to simply and quickly define or

parameterize individual limit values (sudden

differential temperature changes), which take 1nto
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ﬁ
—

account production-related features. The use of a

freely programmable automation system, which also
interacts or exchanges 1nformation with the other
control technology apparatuses, enables the additional

—

optimization of the limit values as a function of the

operating temperature and of the primary clrcuit

pressure.

7. Staggered alerts

o~

The possibility of staggered alerts and the advantages

thereof were already discussed further above.

3 . Adaptation and comments of alerts

Due to the wuse of the 1nformation present 1in the

digital reactor protection system, 1t 1s possible for

the signals of the fill level probes to be evaluated

also as a function of deviations of the reactor plant

from normal operation (for example malfunction of

coolant pumps, pressure changes 1n the primary circult

etc.). If the reactor protection system determines such

deviations and 1t 1s known from previous attempts or

calculations or based on operational experience that

these deviations can 1nfluence the fil] level

measurement, a sultably configured automatic expert

system can adapt, by way of corresponding combinations,

the limit wvalues for the fi1ll level measurement or

comment on the output signals. The comments can appear,

1f such exceptional operational events occur,
automatically on a screen of the monitoring system next
to the warning or alarm signals and thus prevent

misinterpretations by human users.

The abovementioned advantages are firstly 1ndependent

of the concrete design of the measurement probe

carrying the heated and unheated thermocouples and can

be realized alone Dby corresponding configuration ocr
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programming of the electronic evaluation and control

unit.

ﬁ

Moreover, further advantages ensue 1f the probe design

is adapted to the now prevailing conditions and

possibilities 1in the evaluation of signals:

as was already expressed above, the now provided signal
evaluation reduces the requirements 1n terms of the
heating current regulation or ©possibly renders 1t
completely unnecessary. As a result, the hitherto

F
p—

complex calibration of the heating current

characteristic line, which 1s especially difficult 1if
the very same heating wire 1s used to heat a plurality
of thermocouples 1in a probe, can be dispensed with.
That means that from now  on, a plurality of

thermocouples can be heated with the aid of the same

heating wire, without impacting on the quality of the
measurement. As a result, with redundancy requirements
remalning the same, the cabling complexity 1nside a
probe decreases @ or, with the cabling complexity

remalning the same, more measurement positions than

previously can be realized, 1n particular for finer

height resolution of the fill level measurement. Such

an 1mproved height resolution permlits better

observation of the temporal fill level development and,

1f appropriate, better prediction relating to future
developments, for example by extrapolating available

data. In addition, 1n the case of a comblination of the

information relating to the rate of the liguid drop (or

to changes 1n the drop rate), 1t 1s possible with

pr— Jr—
e

simple physical models of fi1ll level dynamics and, if

ﬁ
p—

appropriate, with further measurement data of the

reactor protection system to derive statements

concerning the size of leakages or the effectiveness of

countermeasures.
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In summary, with the same design of the measurement lances as

pefore, the novel evaluation method permits especially:

. the heating current regulation to be dispensed with

or a simplified configuration
5 o shorter reaction times

. optimization of the reaction times as a function of

temperature or pressure

¢ staggered alerts

. assessment and comments relating to the probe signals

10 1in the case of transients

. lower probability of false alarms

. reduction 1in energy consumption.

A correspondingly modified lance design, together with the

novel signal evaluation, permits:

15 more measurement points per unit height
. predictions relating to fill level developments
. statements regarding the size of leakages.

In addition, coupling of the electronic evaluation system to

fill level measurement lances of various manufacturers 1s

20 simplified by the proposed changes and fewer interface problems

OCCUr.
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According to one aspect of the present invention, there 1s
provided a method of monitoring a fill level of a liguid 1n a
liguid container, which comprises: providing a liquid container
with a heated thermocouple mounted in the container at a given

installation height level and an associated unheated

thermocouple; inferring that the liquid level has sunk below

the given installation height level of the heated thermocouple

from a measured temperature difference between the heated

thermocouple and the unheated thermocouple; continuously

monitoring a temporal profile of the temperature difference

within a time interval, which occurs before a respective

evaluation time point, of a duration that 1s previously fixed;

outputting an alarm signal as soon as a change 1in the

temperature difference within the time interval reaches or

exceeds a previously fixed 1limit value; thereby ascertaining a

F
p—

sequence of temperature differences over a large number of

periodically sequential measurement time points, wherein the

differences between the last ascertalined sequence element and

all of its predecessors, the measurement time points of which

fall within a time interval of pre-specified length, are formed

at an evaluation time point, and the alarm signal 1s output as

ferences reaches or exceeds a

i1

soon as at least one of the di!

previously fixed limit wvalue.

According to another aspect of the present invention, there 1s

provided an electronic evaluation and control unit for a device

-

for monitoring a fill level of a liquid in a liquid contailner,

comprising: a signal input for measurement signals of an
associated heated thermocouple and a signal i1nput for an

unheated thermocouple associated with the heated thermocouple;
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a subtraction unit configured to form from the measurement

slgnals a temperature difference signal characteristic for a

temperature difference with respect to the heated and unheated

thermocouples; an evaluation unit with means for continuously

monitoring a temporal profile of the temperature difference

within a time interval of predetermined duration, which time

interval occurs before a respective evaluation time point; an
alarm output for outputting an alarm signal as soon as an

increase 1n the temperature difference within the time i1interval

reaches or exceeds a previously fixed limit value; said

1)

evaluation unit being configured to ascertaln a seguence O:

temperature differences over a large number of periodically

F
e
R—

ferences

sequential measurement time points, wherein the di:

between a last ascertalned sequence element and all

=

predecessors thereof, the measurement time points of which fall

p—

within a time interval of pre-specified length, are formed at

an evaluation time point, and to output the alarm signal as

soon as at least one of the differences reaches or exceeds the

previously fixed limit value.

F

According to still another aspect of the present 1nvention,

there 1s provided an electronic evaluation and control unit for

a device for monitoring a fill level o¢of a ligquid 1in a liquid

3.

container, comprising: a signal input for a temperature

difference signal generated by a circuilt with a heated
thermocouple and an unheated thermocouple; an evaluation unit
with means for continuously monitoring a temporal profile of
the temperature difference within a time interval of

predetermined duration,” which time interval occurs before a

respective evaluation time point; an alarm output for
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outputting an alarm signal as soon as an 1ncrease 1n the

temperature difference within the time interval reaches or

exceeds a previously fixed limit value; sailid evaluation unit

being configured to ascertain a sequence of temperature

differences over a large number of periodically segquential

measurement time polnts, wherein the differences between a last

ascertained sequence element and all predecessors thereof, the

measurement time points of which fall within a time interval of

pre-specified length, are formed at an evaluation time point,

and to output the alarm signal as soon as at least one of the

differences reaches or exceeds the previously fixed limit

value.

One exemplary embodiment of the invention will be explained 1n

more detail with reference to a drawing, in which:

monitoring the

FIG. 1 shows a greatly schematized side view of a device for

fill level of a ligquid in a reactor pressure

vessel with a plurality of pairs of mutually assigned heated

and unheated thermocouples,

-

temperature di:

R—

FIG. 2 shows an example of the temporal profile of the

ference between a heated and an unneated

ph—

thermocouple during a dropping process of the liguid level at

an operating temperature of about 115°C,
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FIG. 3 shows a table which 1s associated with the

temporal profile of the temperature difference

according to FIG. 2, the entries 1n which 1illustrating

a preferred evaluation method for the fi1ll level

monlitoring and alarm triggering,

FIG. 4 shows another example of the temporal profile
of the temperature difference between a heated and an
unheated thermocouple during a droppling process of the

ligquid level, here at an operating temperature of about
330°C, and

FIG. 5 shows an evaluation table which 1s associated

with the profile of the temperature difference

according to FIG. 4.

The device 2 for fill level measurement, 1llustrated by

gr—

way of example 1n FIG. 1 1n a schematlic side vilew,

i~

serves for monitoring the level of the cooling liquid F

in the reactor pressure vessel 4 1n a pressurized-water

reactor (not 1i1llustrated 1in greater detail here). The
device 2 comprilses three elongate measurement tubes 6o,
configured 1n the manner of a measurement lance, which
measurement tubes 6 are inserted during the

installation of the measuring device 2 through cutouts

in the cover plate 8, which are provided for this

purpose, from the top 1into the 1nslde of the reactor

pressure vessel 4 and which during operation of the
nuclear reactor are 1mmersed at least partially 1n the
cooling ligquid F. The level height or fi1ll level height

ﬁ

above the bottom of the vessel 1s designated H in FIG.

F

1, wherein other reference levels can, of course, also

be used. Vaporous cooling medium, in short: vapor D, 1is

located above the liquid level 10.

The three measurement tubes 6 of the device 2 are 1n

each case vertilically aligned and installed 1in the
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reactor pressure vessel 4 with mutual spacings; that

means they are mutually parallel without touching. Each
of the three measurement tubes 6 has a cylilindrical
housing 12, which 1s closed 1n a water-tight manner at
the lower end and is composed of a water-impermeable,

pressure-resistant, corrosion-resistant material with

good thermal conductivity: 1n the exemplary embodiment,

stainless steel 1s used for this purpose.

A number of thermocouples are arranged 1n the 1i1nterior
14 of each measurement tube 6. The measurement tube
that 1s designated “tube 1” contains two heated
thermocouples, that 1s to say the heated thermocouple
HT1 located at a height h; and the heated thermocouple
HT3, which 1s arranged above 1t at a height hy. The
measurement tube that 1s desilignated “tube 3” contains,

in 1ts 1nterior 14, three heated thermocouples, that 1is

to say the heated thermocouple HTZ located at height hy,

the heated thermocouple HT4, which 1s arranged above 1t
at height hj, and finally the heated thermocouple HTS at
height hs. In this case, hy > hs > hy > h;. Furthermore,
heating elements are arranged 1n the interior 14 of

Z

1n tube 3. The heating elements are configured 1n each

L+J

tube 1 and tube 3, specifically HEl 1n tube 1 and H

case as heating wlires which pass the thermocouples HTI1
and HT3, or HTZ, HT4 and HT5 to be heated, with the
heating wires having heating zones positioned near
these thermocouples, which heating zones are used to

heat the i1mmediate vicinity.

2 and also the
thermocouples HT1 and HT3, and HTZ, HT4 and HTS, bear

]

The heating elements HE1l and H

directly agailinst the 1nternal wall of the respectively
assoclated housing 12, which has good thermal
conductivity. The heating wires and the signal and

supply 1lines necessary for energy supply and signal

transfer of the thermocouples are guided 1n the

interior 14 of the respective measurement tube 6 up to
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a connection adapter 16 located outside the cover plate
8 of the reactor pressure vessel 4. The thermocouples
HT1 to HT5 are connected, via the two connection

r—

adapters 16 (of which only the connection adapter

assocliated with tube 3 1s illustrated in FIG. 1) which

are assoclated with tube 1 and tube 3, on the signal
side to an electronic evaluation and control unit 18
(here only indicated schematically), which for 1ts part

1s connected (not i1llustrated) to other components of a

reactor protection system, 1n particular to an alarm
signal transmitter. The alarm signal transmitter may

also be integrated 1n the evaluation and control unit
18.

The measurement tube 6, designated “tube 2%, contains,
in its interior 14, five unheated thermocouples, two of
which are arranged at height h; (UHT1 and UHTZ), and the
others 1n each case at heights h,, hs and |hg
(specifically UHT3, UHT4 and UHTS). The unheated

thermocouples UHT1 to UHTS also have 1n each case
direct contact with the 1nternal wall of the housing
12, which has good thermal conductivity, and are

connected, wvilia a connection adapter (not 1llustrated

further here), on the signal side to the evaluation
unlit 18, which 1s 1located externally. However, no

heating apparatus or the like 1s provided 1n tube 2.

For reasons of signal evaluation and fil] level

ascertalnment, 1n each case one heated thermocouple

(primary signa. transmitter) and an unheated

thermocouple (reference signal transmitter), which 1is
located at the same height - 1nside another measurement
tube -, are combined. The five pairs HT1, UHT1 to HTS,

UHTS are thus formed during the signal processing 1n

the evaluation wunit 18, which 1s shown in FIG. 1

schematically by the solid lines framing the mutually

complementary thermocouples. The temperature prevailing

at the position of the thermocouple 1s derived from the
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measured thermovoltage of each thermocouple.

Furthermore, the temperature difference Dbetween the

heated and the unheated thermocouple 1s formed ftor each
of the pairs HT1l, UHT1 to HTS, UHTS.

The  mode of action of the heated and unheated

r—

thermocouples and their use for measuring the £11]

level are described by way of example with reference to

the signal transmitter pair HTS, UHTS. FIG. 2 1nvolves

reactor operation with fi1ll level height H 1n the

reactor pressure vessel 4 and with an intact cooling

r—

circuit at a coolant temperature of about 115°C (for

example during start-up operation, where the coolant
temperature increases by about 10-30°C per hour). As
long as the level of the cooling liquid F 1s above the
installation height of the heated thermocouple HTS (H >

pr—

hs), the heat given off by the heating element HEZ 1n

ﬁ

the wvicinity of the thermocouple HTS 1s dissipated

comparatively effectively through the housing wall of
the housing 12 and transferred to the cooling liguid F.

Since new, 1.e. comparatively cold, cooling ligquid F

continuously flows 1nto the reactor pressure vessel
(open system 1n terms of thermodynamics), the wall
temperature 1n the vicinity of the thermocouple HT)S
hardly rises relative to the unheated case, represented
by the unheated thermocouple UHTS.

That means that the temperature difference delta T, or

DT for short, between the heated thermocouple HTS and
the unheated thermocouple UHTS, as plotted 1n FIG. 2 as

a function of time t, 1s approximately Zero

(specifically 5°C, in this case). This would not even

change noticeably 1f the temperature of the cooling

liquid F changed (globally), for example 1f 1t rose,
with the fi1ll level height H of the cooling liguid F in

the reactor pressure vessel 4 remaining the same, since

the two relevant thermocouples HTS, UHTS would Dbe

influenced equally thereby. Any effects of thermal
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stratification 1n the reactor pressure vessel, that 1is
to say temperature gradients in the vertical direction,
play no role either because the two mutually assigned
measurement positions are at the same height, 1n this

case that 1s hg,.

The picture changes if at time point t = 100 s - here
randomly chosen - the fill 1level height H of the
cooling liquid F falls under the level hg (H < hy). The

amblient temperatures in the two relevant thermocouples
HT5 and UHT5 do not 1nitially change to any great

extent since the vapor D, located above the 1iquid

level 10, has similar temperatures as the cooling

ligquid F. However, the heat transfer ©properties

suddenly worsen with respect to the heat transfer at

P
p—

the site of the heated thermocouple HTS. The amount of

heat given off by the heating element HEZ can then no
longer be transported away to the same extent as before
into the surrounding area, and the temperature measured
by the heated thermocouple HTS5 consequently rises
drastically, whereas the temperature measured by the
unheated thermocouple UHTS remains approximately the
same. Due to the comparatively slow thermal balance
processes (thermal conductivity) taking place 1n the
wall of the housing 12, the temperature rise 1n the

heated thermocouple HTS5, however, occurs 1n a delayed

e d

fashion with respect to the dropping of the 1liquid

level. Thus, the gradual 1ncrease 1n the temperature

difference between the heated and the unheated

thermocouple, here 1n FIG. 2 an 1ncrease of about

100°C, 1s a reliable indicator for the fill level which

has dropped below the height hj.

Similar considerations apply with respect to the levels
hs, h» and h; and the thermocouples which are

respectively assigned thereto.
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Since the dropping of the cooling liquid F below the

level h; is considered to be particularly critical, the

fill level monitoring with respect to this level 1is

particularly secured: with the two sensor pairs HTI,
UHT1 and HT2, UHTZ2, two mutually independent, redundant
measurements are provided. In an alternative embodiment
(not shown here), redundancy 1s provided only with
respect to the two heated thermocouples HT1 and HTZ,
while only a single unheated thermocouple, that 1s to
say either UHT1 or UHTZ, 1s provided as the reference
signal transmitter for these two heated thermocouples.

gr—_
fp—

At a higher temperature of the cooling liquid ¥ of, for

example, about 330°C, the sudden signal change when the

level sinks below the heated thermocouple 1s not as

great, since the effect of local heating by the heating
element 1s not so noticeable due to the ambient

temperature which 1s 1n any case already comparatively

high. This can be seen easily with reference to the

p—

temporal profile, shown in FIG. 4, of the differential

temperature between the heated and the unheated

thermocouple (e.g. HTS5 and UHTS). The triggering event,

i.e. sinking of the 1level, was also here assumed to

take place at t = 100 s. The subsequent temporal change

of the temperature difference between the heated and

the unheated thermocouple 1s here, altogether, only

around 30°C.

Without a temperature—-dependent heating current

regulation for the respective heating element, 1t

therefore makes no sense to fix a single, temperature-

independent 1limit value for the sudden signal change,
where the sinking of the level 1s 1nferred when the
limit wvalue 1s reached or exceeded and a corresponding

F

alarm 1s triggered. Even 1n the case of a compensating

heating current regulation, 1t could under certain

clrcumstances take a relatively long time for the

thermal balance processes wilithlin the measurement tube 0
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to be concluded and for such a globally defined limit

value to be reached. Moreover, a malfunction of the

heating current regulation would be problematic.

In order to avoid such difficulties, a particularly
reliable signal evaluation, which reacts quickly to
potential danger states, 1s provided here 1n the

evaluation unit 18, which will be described below with

reference to the temporal profile, shown 1in FIG. 2, of

P
—

the temperature difference between the heated and the

ﬁ

unheated thermocouple at a coolant temperature of about

115°C and with reference to the associated evaluation
table (table I) 1n FIG. 3.

At regular 1intervals, here for example every ot =
1000 ms, the temperature measurement values of the
heated and the associated unheated thermocouple are
temporarily stored. The 1ndilividual measurement time

points .., t_,, t-i, tg, ti, tz, .. are here entered 1into

column 2 1n the table I; the associliated temperature

measurement values can be found 1n columns 3 and 4.

Likewlse  every ot = 1000 ms, the temperature

differences delta T, or DT for short, between the
heated and the associated unheated thermocouple are
formed 1n the evaluation unit 18 and are also

temporarily stored 1like the 1ndividual temperatures.
The corresponding values are entered 1n column 5 1n the

table.

Fvaluation OCCULS in real—-time at each of the

measurement time points .., t-», t-1, to, ti, t2, ..,

wherelin the subscripts number the sequence of the
measurement time points. The assocliated sequence of
measured differential temperatures 1s designated ..,
DT (t-»), DT (t-1), DT (to), DT (tq1), DT (t2), The

instantaneous evaluation time point 1s designated tg.
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For the evaluation, the measurement value of DT at time

point ty, that 1is to say DT (tg), and 1ts N = D50
predecessors DT (t_q1), ey DT (t_y) are used, which
corresponds to an evaluation interval At = to-ty = 50 s

pr—

at the selected step duration of ot

to—t_]_ - t_l—t_2 — ...
= 1000 ms = 1 s. Here, all the differences &; = DT (tg) -
DT (t-1), .., Oy = DT(tg) - DT(t-y) between the last

ascertained measurement value DT (ty) and all of 1ts
temporarily stored ©predecessors, which occur within

sald evaluation interval At - that is to say in this

case within the past 50 s -, are formed. These

differences &7 to &y are 1n each case entered 1in the

F

form of a row for each of the measurement time points

in the field 6 in the table. An alarm 1s triggered 1if

one of the differences (delta T changes) ascertained in

this manner has reached or exceeded a specific,

previously fixed 1limit wvalue, for example ADT = 5°C,

10°C or 25°C. It 1s possible in particular here for

alarm staggering with a plurality of limit values and

in each case different sequence reactions to Dbe
provided. At the next measurement time point, the
evaluation ©process repeats 1tself with accordingly

updated values.

As can be seen with reference to the framed values 1n

table I, 1in the (fictitious) exemplary curve (shown 1n

FIG. 2) for about 115°C coolant temperature at a limit

value which 1s set to a 5°C differential temperature

o~
—

f1ll level drops below the

change, only 2 s after the

heated thermocouple would an alarm be triggered. If the

limit wvalue 1s set at 10°C, 1in the example the alarm

would be triggered after 3 s, and at 25°C after 6 s.

The same evaluation process with  the same  set

parameters 1s shown 1n table II according to FIG. 5 for

the exemplary curve shown 1n FIG. 4 with a coolant

temperature of about 330°C. The alarm thresholds are

again set to differential temperature changes of 5°C,
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10°C and 25°C and are now reached after 4 s, 6 s and

50 s, respectively.

The step duration was fixed here in the example to ot =

1000 ms for reasons of simplified 1llustration; 1n
practice, shorter time durations of, for example, 0ot =
250 ms would be conceivable and expedient for optimized

reaction behavior.
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LList of references

2 measuring device / fill level probe
4 reactor pressure vessel

o measurement tube

8 cover plate

10 ligquid level

12 housing

14 interior

16 connection adapter

18 evaluatlion unit

D vapor

cooling liguid

H f11l level height

HT heated thermocouple
UHT unheated thermocoupile

HE heating element
DT temperature difference

ADT 1ncrease 1in temperature difference

T t1ime
ot time step

At time interval / evaluation interval
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CLAIMS:
1. A method of monitoring a fill level of a liquid in a

ligquid container, which comprises:

providing a liquid container with a heated
thermocouple mounted in the contailiner at a given installation

height level and an associated unheated thermocouple;

inferring that the liquid level has sunk below the

given installation height level of the heated thermocouple from

a measured temperature difference between the heated

thermocouple and the unheated thermocouple;

continuously monitoring a temporal profile of the

temperature difference within a time 1interval, which occurs

before a respective evaluation time point, of a duration that

is previously fixed;

outputting an alarm signal as soon as a change 1n the

temperature difference within the time interval reaches or

exceeds a previously fixed 1limit value;

thereby ascértaining a sequence of temperature

differences over a large number of periodically sequential
measurement time points, whereln the differences between the
last ascertained sequence element and all of 1ts predecessors,

F

the measurement time points of which fall within a time

interval of pre-specified length, are formed at an evaluation

time point, and the alarm signal 1s output as soon as at least

pr—

one of the differences reaches or exceeds a previously fixed

limit wvalue.
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2. The method according to claim 1, which comprises

monlitoring a coolant fill level 1n a reactor pressure vessel of

a pressurized-water reactor plant.

3. The method according to claim 1, which comprises

5 repeating the evaluation process iteratively at each

measurement time point.

4 . The method according to claim 1, which comprises
predetermining a temporal gap between two 1mmediately

successive measurement time polnts to lie in a range between

10 50 ms and 1000 ms.

D. The method according to claim 4, which comprises

setting the temporal time gap in a range between 100 ms and

350 ms.

6. The method according to claim 1, which comprises pre-

15 specifying the length of the time interval to lie in a range

between 30 s and 100 s.

7. The method according to claim 6, which comprises pre-

specifying the length of the time interval to be approximately
o0 s.

20 8. The method according to claim 1, which comprises

temporarily storing the measured temperature differences 1in a

FIFO memory.

9. The method according to claim 1, which comprises pre-

specifying a plurality of different limit values, and

25 triggering respectively different alerts when the limit values

are reached or exceeded.
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10. The method according to claim 1, which comprises

F

deactivating an alarm, once triggered, 1f, after the alarm has

been triggered, the temperature difference has dropped by a

pre-specified amount within a pre-specified time 1nterval.

5 11. The method according to claim 1, which comprises

P

deactivating an alarm, once triggered, 1f, after the alarm has

been triggered, the temperature difference has dropped to, or

below, a threshold value that has been pre-specified 1n a

temperature—-independent fashion.

10 12. The method according to claim 1, which comprises

measuring one or both of a temperature and a pressure of a

medium, which is to be monitored with respect to 1its fill level

height, in the liquilid container and whereln an alarm, once

f—
—

triggered, is deactivated 1if, after the alarm has been

15 triggered, the temperature difference has dropped to, or below,
a threshold value which is pre-specified in dependence on one

of both of the temperature and the instantaneous pressure.

13. An electronic evaluation and control unit for a

device for monitoring a fill level of a liquid in a liquid

20 container, comprising:

a signal input for measurement signals of an
associated heated thermocouple and a signal i1nput for an

unheated thermocouple associated with the heated thermocouple;

a subtraction unit configured to form from the

25 measurement signals a temperature difference signal

characteristic for a temperature difference with respect to the

heated and unheated thermocouples;
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an evaluation unit with means for continuously

g—_

monitoring a temporal profile of the temperature difference

within a time interval of predetermined duration, which time

interval occurs before a respective evaluation time point;

an alarm output for outputting an alarm signal as

soon as an increase 1in the temperature difference within the
time interval reaches or exceeds a previously fixed limit

value;

sald evaluation unit being configured to ascertaln a

sequence of temperature differences over a large number of

periodically sequentilial measurement time points, whereln the

differences between a last ascertained sequence element and all

F

predecessors thereof, the measurement time points of which fall

within a time interval of pre-specified length, are formed at

an evaluation time point, and to output the alarm signal as

soon as at least one of the differences reaches or exceeds the

previously fixed limit value.

14. A device for monitoring a fill level of a liquid 1in a

liguid contaliner, comprising:

a heated thermocouple mounted i1n the liguid container
and an associated unheated thermocouple 1n the liquid

container; and

an electronic evaluation and control unit according
to claim 13 connected to receive the output signals from the

heated thermocouple and the unheated thermocouple.
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15. An electronic evaluation and control unit for a

device for monitoring a fill level of a liquid in a liquid

contalner, comprising:

a signal input for a temperature difference signal
generated by a cilrcuit with a heated thermocouple and an

unheated thermocouple;

an evaluation unilit with means for continuously

monlitoring a temporal profile of the temperature difference

P

within a time interval of predetermined duration, which time

interval occurs before a respective evaluation time point;

an alarm output for outputting an alarm signal as

SOONn as an 1ncrease 1n the temperature difference within the

time 1nterval reaches or exceeds a previously fixed limit

value;

sald evaluation unit being configured to ascertain a

—

sequence of temperature differences over a large number of

periodically sequential measurement time points, wherein the

differences between a last ascertalined sequence element and all

F

predecessors thereof, the measurement time points of which fall

within a time 1nterval of pre-specified length, are formed at

an evaluation time point, and to output the alarm signal as

soon as at least one of the differences reaches or exceeds the

previously fixed limit value.

F

16. A device for monitoring a fill level of a liquid in a

liquid contailner, comprising:
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a heated thermocouple mounted i1n the liquid container

and an associlated unheated thermocouple 1n the liquid

container; and

an electronic evaluation and control unit according
to claim 15 connected to receive the output signals from the

heated thermocouple and the unheated thermocouple.
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FIG. 4
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