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Monitoring of a condensate drain 

5 

The invention concerns a method of monitoring a condensate drain, 

and a flow sensor for detecting flow properties in a pipe and/or a fitting 

carrying a 	medium, in 	particular a condensate drain, and a 	monitoring 

device for monitoring at least one condensate drain. 

10 Condensate 	drains 	are 	usually 	employed 	in 	installations 	in 	the 

chemical, 	pharmaceutical 	and 	energy-technology 	industries 	in 	order to 

drain from the installation a condensate which is formed in vapour lines or 

containers or in shaping processes. In that case drainage of the condensate 

must be effected at a given moment in time in order to prevent a so-called 

15 water hammer and to provide for effective use of energy. Such a water 

hammer 	occurs 	when 	vapour 	is 	introduced 	into 	a 	liquid 	at 	a 	lower 

temperature or occurs in such a liquid. In addition the condensate drain 

should 	prevent 	vapour 	from 	being 	discharged 	in 	the 	event 	that 	no 

condensate is present. 

20 In 	such 	installations 	wear 	phenomena, 	contamination 	and/or 

deposits can occur for example by virtue of erosion due to magnetite 

formation. That can result in leakages or blockages in condensate drains 

used in the installations. In that respect, it is not possible to see whether 

the condensate drain is or is not operating from the exterior, that is to say 

25 from outside the installation or the pipes and/or the condensate drain. The 

operability of the condensate drains used is to be checked in a method of 

monitoring condensate drains. 	In that respect it is necessary to clearly 

establish whether the condensate drain is functioning in fault-free fashion 

and whether, in the case of faulty functioning, a leak or a blockage occurs. 

30 That is necessary as for example blocking condensate drains can lead to 

considerable 	reductions 	in 	the 	output 	of 	the 	installation 	and 	leaky 

condensate 	drains 	result 	in 	vapour 	losses 	which 	in 	turn 	represent 	a 
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networks, that is to say in a system with a plurality of condensate drains, is 

to be expected. Difficulties caused thereby in regard to drainage can then 

occur at a number of condensate drains in the installation. Furthermore in 

addition 	there 	can 	be 	a 	condensate 	build-up 	which 	can 	cause 	water 

5 hammers and can also lead to serious damage in the vapour-condensate 

system. Usually, a proportion of defective condensate drains of an order of 

magnitude of 15 to 25% is to be expected in installations without regular 

checking or maintenance. That failure rate can be markedly reduced by 

regular checks to be performed. 

10 A number of methods of monitoring a condensate drain are already 

known. The condensate drains can be checked for example by means of 

sight glasses, by level measurement and by means of sound measurement. 

A disadvantage with the specified methods is that the operability of the 

condensate drain can only be estimated. 

15 The methods based on sound measurement rely on detection of the 

solid-borne sound which is emitted from the surfaces of the housings of the 

condensate drains. To 	be able to assess the operating 	mode of the 

condensate drain the detected intensity of the solid-borne sound is shown 

on a display device or compared to previously recorded reference data. 

20 In that respect manual checking of each individual condensate drain 

is usually required, and that involves a great deal of time and effort in 

larger installations. Under some circumstances that leads to relatively long 

checking intervals so that faults in the condensate drain system cannot be 

immediately detected and removed. 

25 Usually 	mechanical 	contacting 	with 	the 	condensate 	drain 	being 

investigated 	is required to detect solid-borne sound. 	Governed 	by the 

structure involved the measurement results are relatively closely related to 

the contact pressure force and the contact pressure angle of the measuring 

sensor so that any change in one of those parameters can lead to a 

30 inaccurate measurement result. In addition the contact location must be 

defined as accurately as possible. 

By evaluating exclusively the sound intensity in the ultrasound range 

it is not possible to accurately establish whether the condensate drain is 
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just draining or has a vapour hammer by virtue of damage. That case does 

not afford clear ascertainment of the working condition. 

The object of the present invention is therefore that of eliminating or 

at least reducing the described disadvantages. In particular the invention 

5 seeks to provide a method of monitoring a condensate drain or suitable 

apparatuses for that purpose, which permits or permit different properties 

of the medium or the mode of operation of the condensate drain to be 

reliably and precisely determined. 

According to the invention therefore there is proposed a method of 

10 monitoring a condensate drain according to claim 1. The method includes 

the steps: 

15 

a) providing a flow sensor for detecting flow properties in a pipe 

and/or fitting carrying a medium, wherein the medium is in the form of a 

multi-phase flow, 

b) detecting 	a 	vibration 	behaviour 	at 	a 	measurement 	location 

provided on a vibration body of the flow sensor by means of the vibration 

converter, and 

c) electronically evaluating the vibration 	behaviour of a vibration 

body. 

20 In that case at the measurement location vibrations of a first region 

of the vibration body, which is provided at least partially in a flow of the 

medium, and a second region of the vibration body, that is outside the 

flow, are recorded. The vibrations can be detected 	at the second region of 

the vibration body, for example by means of a piezoelectric element or 

25 laser vibrometer or microphone. 

The term condensate drain is also used hereinafter to denote a 

condensomat and/or a regulating fitting which drain off a condensate which 

forms in vapour lines or containers or shaping processes. To monitor such a 

condensate drain and therefore to check the operability thereof there is 

30 provided a flow sensor for detecting flow properties in a pipe and/or fitting 

carrying a medium. In that case the medium is in the form of vapour or 

steam, condensate, water and/or air, in particular in the form of a multi-

phase flow. In that respect the vibration body is at least partially used in a 
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pipe cross-section and/or fitting cross-section, through which the medium 

flows. In that case the medium flows around the vibration body or the 

vibration body is arranged near the flow, in particular at the flow surface, 

so that it at least partially touches the flow. The vibration body is caused to 

5 vibrate 	by the 	flow 	of the 	medium. 	The 	vibration 	behaviour 	resulting 

therefrom 	is 	detected 	by 	means 	of 	the 	vibration 	converter 	and 

representative signals of the vibration behaviour are produced. 	In that 

respect the detected vibration behaviour includes in particular detection of 

the amplitude and frequency of the vibration. The vibration amplitude and 

10 frequency detected in that way is outputted to the measurement location 

by way of an electric signal of the vibration converter. In that case the 

vibration converter can be for example of such a configuration that the 

vibrations are detected by a piezoelectric sensor, a microphone or by way 

of a laser vibrometer. 

15 Preferably 	in 	accordance 	with 	a 	development 	of 	the 	method 

according to the invention in-phase vibrations and out-of-phase vibrations 

of the two intercoupled regions of the vibration body are recorded at the 

measurement 	location. 	Excitation 	of the 	vibration 	body 	is 	preferably 

effected by means of the first region of the vibration body, that at least 

20 partially projects into the flow of the medium, wherein both the first region 

disposed in the flow and also the second region outside the flow are excited 

to vibrate. 	By virtue 	of an 	elastic coupling 	of the two 	regions of the 

vibration body with each other and with a main body of the flow sensor the 

two regions of the vibration body perform in-phase vibrations and out-of- 

25 phase vibrations, also referred to as co-directional and counter-directional 

vibrations. In that case the vibration body is so designed that the in-phase 

and out-of-phase vibrations occur simultaneously at different frequencies. 

The term co-directional vibrations or in-phase vibrations of the two regions, 

starting from the connecting region of the two regions of the vibration 

30 body, that preferably extend in opposite directions, are to be interpreted as 

meaning vibrations in which the two intercoupled regions of the vibration 

body move in the same direction. The term out-of-phase vibrations is to 

denote vibrations of the two regions in which they vibrate in opposite 
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directions, also starting from the connecting region of the two regions of 

the vibration body. By preferably frequency analysis, also referred to as 

spectral 	analysis, 	of 	the 	vibration 	behaviour 	of 	the 	vibration 	body, 

preferably two resonance frequencies occurring in the vibration body and 

5 their 	amplitudes 	of 	the 	in-phase 	and 	out-of-phase 	vibrations 	are 

simultaneously detected. 

By virtue of recording and analysis of the vibration behaviour of the 

vibration 	body, 	comprising 	two 	elastically 	coupled 	regions 	which 	are 

preferably 	disposed 	in two different 	media, 	wherein 	the first 	region 	is 

10 arranged in the multi-phase flow and the second region of the vibration 

body is preferably arranged in the ambient air, amplitude and frequency of 

two resonance locations are detected. In that way it is possible to detect 

mass transport processes in respect of multi-phase flows whereby it is 

possible to determine the condensate level and its flow speed as well as the 

15 level of the vapour and its flow speed. Operability, pressure stage, amount 

of condensate and vapour loss amount of a condensate drain can be clearly 

ascertained by means of the stored reference data set. Ambiguous results 

are excluded by the combination of the amplitude and frequency of the two 

resonance 	locations. 	It is 	possible to determine the operability of the 

20 condensate drain by way of that combination or properties of the flow. 

Preferably the flow sensor is provided between the pipe and the 

condensate drain, and is in particular connected releasably to the pipe and 

the condensate drain by means of a first flange associated with the pipe 

and a second flange associated with the condensate drain. When the flow 

25 sensor is provided at that position it is advantageous for a foreign sound 

which 	occurs 	in 	such 	installations, 	for 	example 	originating 	from 	a 

condensate drain, to be so slight that it influences the measurements at 

that location scarcely to almost not at all. In that respect the flow sensor 

can be clamped for example between the two flanges and the two flanges 

30 can 	be screwed together so that the flow sensor is fixedly arranged 

between the two flanges. 

In an embodiment to evaluate the flow behaviour according to step 

c) reference measurements are carried out and/or data sets are produced 
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thereby, which are used for comparison with the data measured at the 

measurement location. The data sets in that case are of such a nature that 

certain properties of the flow such as for example the condensate amount, 

the 	loss 	amount and 	the 	flow 	speed 	are 	predetermined 	for different 

5 operating conditions. Thus for example when measuring amplitude and 

frequency and with a given level and a mean flow speed with a given 

condensate amount it is possible to infer an operating condition which is 

known for those regions and thus the operability of the condensate drain. 

The use of such a system makes it possible to effect functional checking 

10 independently of drain 	type. 	Thus, 	independently of the downstream- 

connected drain type, the system can be universally employed as a drain 

diagnosis system. 

Preferably when monitoring a condensate drain in accordance with 

an embodiment for evaluation of the flow behaviour in accordance with step 

15 c), on the basis of data sets produced by means of previously implemented 

reference measurements, the data measured at the measurement location 

are compared to the data sets. That permits simple and at the same time 

fast evaluation of the measured data and reliable determination by way of 

the values to be ascertained in connection with the vibration behaviour of 

20 the vibration body, with which it is possible to provide information about 

the 	operability of the condensate 	drain. The 	comparison 	between the 

measured data and the previously produced data sets is preferably effected 

by 	means 	of an 	electronic 	evaluation 	device 	in 	which 	the 	previously 

produced data sets are stored at the same time. 

25 In a preferred embodiment the evaluation according to step c) is 

effected by way of an electronic evaluation device such as for example an 

artificial neural network (ANN), fuzzy logic, channel relationships methods 

or principal component analyses (PCA). 

A further development of the method according to the invention 

30 provides that, for evaluation 	of the flow 	behaviour by 	means 	of the 

electronic evaluation device in accordance with step c), the amplitudes and 

the 	resonance frequencies of the 	detected 	in-phase and 	out-of-phase 

vibrations 	of 	the 	preferably 	two 	regions 	of 	the 	vibration 	body 	are 
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determined. On the basis of the magnitude of the amplitudes and on the 

basis of the different resonance frequencies produced by the in-phase and 

out-of-phase vibrations at the vibration body it is possible, by comparison 

with 	the 	data 	sets 	already 	ascertained, 	to 	implement 	an 	evaluation 

5 operation by which it is possible to provide information relating to given 

values reflecting the operating condition of the condensate drain like for 

example operability, amount of condensate, pressure stage and vapour loss 

amount of the condensate drain. 

10 

Preferably, to evaluate the flow behaviour in accordance with step c), 

the amplitudes and their resonance frequencies of the detected in-phase 

and out-of-phase vibrations of the two regions of the vibration body are 

determined by way of a frequency analysis operation, preferably a Fourier 

analysis. That kind of frequency and amplitude ascertainment provides a 

simple possible way of representing the vibrations which 	occur of the 

15 vibration body excited by the flow. In particular the frequencies of the 

individual 	vibrations 	and 	their 	amplitudes 	can 	be 	advantageously 

ascertained by means of the Fourier analysis operation. 

Preferably upon evaluation in accordance with step c) a relationship 

is produced between on the one hand an operability, a pressure stage, a 

20 condensate amount and a vapour loss amount and on the other hand a 

resonance 	frequency 	and 	an 	amplitude, 	preferably 	two 	resonance 

frequencies and their amplitudes, at the flow sensor. The current operating 

condition of a drain can be ascertained by that relationship from a vibration 

spectrum. 

25 In a further embodiment the condensate level of the medium is 

determined by way of a dependency of the resonance frequency and 

amplitude of the in-phase and out-of-phase vibration on a damping. If in 

the evaluation of a water-vapour flow, a change in the resonance frequency 

and amplitude is to be found, the condensate level can be ascertained 

30 therefrom by means of suitable evaluation. For example a change in the 

amplitude and a reduction in the resonance frequency of the in-phase and 

out-of-phase vibration, on the assumption of a constant density of the 
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medium, signify more accentuated damping as a consequence of a rise in 

level in the conduit. 

Preferably the condensate level in the multi-phase flow and damping 

of the medium, resulting therefrom, is determined by way of a dependency 

5 of the variation in the resonance frequency and amplitude of the in-phase 

and out-of-phase vibration at the vibration body. In the variation in the 

resonance frequency and the amplitude of the in-phase and out-of-phase 

vibration of the two regions of the vibration body, it is possible to deduce in 

particular a measurement in respect of the condensate level in the multi- 

10 phase flow and the damping linked thereto of the medium flowing through 

the fitting, 	which 	is 	preferably in the form 	of a 	multi-phase flow. The 

damping of the medium acts directly on the vibration behaviour of the first 

region of the vibration body, which at least partially projects into the flow 

and thus also into the condensate. In the case of the coupled vibration 

15 body according to the invention that action leads to a simultaneous change 

in amplitude and frequency of the in-phase and out-of-phase vibration of 

the two regions. 

Preferably a flow speed of the medium, preferably the multi-phase 

flow, 	is 	determined 	by 	way 	of a 	dependency 	of the 	amplitude 	and 

20 resonance frequency of the in-phase and out-of-phase vibration on the flow 

speed and a or the damping. If for example the amplitude of the in-phase 

and out-of-phase vibration rises with a constant resonance frequency, that 

means, on the assumption of a constant density of the medium, that the 

flow speed and thus also the through-flow amount is rising. 

25 In a further embodiment the pressure stage is determined by way of 

a dependency of the resonance frequency and amplitude of the in-phase 

and out-of-phase vibration on the damping. With different pressure stages 

the medium changes its property and in particular its density. The damping 

in 	turn 	changes 	as 	a 	result. 	The 	respective 	pressure 	stage 	can 	be 

30 established on the basis of the dependency of amplitude and frequency on 

damping. 

In a further embodiment the density of the medium is determined by 

way of a dependency of the resonance frequency and amplitude of the in- 
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phase and out-of-phase vibration on the damping. On the basis of the 

dependency of the amplitude and frequency on the damping it is possible to 

establish the density of the respective medium. 

Preferably according to a development of the method according to 

5 	the invention a temperature preferably of the medium and/or in the region 

of the 	pipe 	and/or condensate 	drain 	is 	measured. 	By 	means 	of the 

temperature measurement it is possible to provide fundamental information 

relating to the operating condition or the operability of the condensate 

drain in connection with the data recorded at the flow sensor. By means of 

10 	the temperature measurement which is preferably effected in the region of 

vibration 	measurement, 	it is possible in 	particular to ascertain whether 

there is a congestion at the condensate drain, by virtue of a defect at the 

drain, or whether the condensate drain is closed. In that respect, what is 

crucial for determining the operating condition of the drain is the indication 

15 	as to 	whether 	the 	ascertained 	temperature 	is 	falling 	below 	a 	given 

temperature range, within which the condensate drain typically operates. 

On the basis of the measured temperature and the flow measurement 

which is performed at the same time it is preferably possible with a high 

degree of certainty to determine whether there is a congestion at the 

20 	condensate drain or whether the installation portion is shut down. 

A further aspect of the invention concerns a flow sensor for detecting 

flow properties in a pipe and/or fitting carrying a medium. In that case the 

flow sensor comprises a main body, an opening which is arranged within 

the main body and which is of a flow cross-section adapted for the medium 

25 	to 	flow 	therethrough, 	a 	vibration 	body 	which 	projects 	in 	adjacent 

relationship to the flow cross-section or into the flow cross-section, and a 

vibration 	converter provided 	on 	the vibration 	body for converting the 

mechanical vibrations into electrical signals. According to the invention the 

flow sensor is distinguished in that the vibration body has a first region 

30 	provided at least partially in the flow cross-section of the medium which is 

in the form of a multi-phase flow, and a second region provided outside the 

flow cross-section, wherein the first and second regions form a coupled 

system and the vibration body is adapted at the measurement location to 
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record vibrations of the first region and the second region of the vibration 

body. 

The main body and the vibration body are in that case connected 

together. Preferably the vibration body has a first region provided at least 

5 partially in the flow cross-section and a second region provided outside the 

flow cross-section, wherein the first and second regions form a coupled 

system. The amplitude and frequency of the in-phase and out-of-phase 

vibration of the two regions are simultaneously detected by the coupled 

system 	at only one 	measurement location 	preferably 	provided 	at the 

10 second region. That excludes ambiguous results and a clear association of 

the results is thus possible. 

Preferably the vibration body is so designed that, upon excitation of 

only a first region of the vibration body which preferably at least partially 

projects into the flow, co-directional vibrations, also referred to as in-phase 

15 vibrations, and counter-directional vibrations, also known as out-of-phase 

vibrations, are produced by the two intercoupled regions of the vibration 

body. The in-phase and out-of-phase vibrations produced, as stated in 

greater detail hereinbefore in relation to the method, can be recorded at 

the measurement location at the second region outside the flow. 

20 The flow cross-section is defined by the opening in the main body. It 

has a cross-section which only slightly influences the flow of the medium. 

Vibrations are excited by that flow of the medium, and they are detected by 

the vibration converter. The vibration body is at least partially arranged in 

the flow to generate the vibrations. 

25 Preferably the vibration body is of a bar-shaped configuration and/or 

the main body is annular. The bar-shaped vibration body can thus be based 

on general calculation theories in respect of the natural vibration of a bar. 

The two regions of the vibration body are preferably in the form of bending 

beams of preferably circular cross-section, which are fixedly connected 

30 together by way of a connecting region which is enlarged in cross-section in 

comparison with the two regions. Preferably the first and second regions 

are so arranged at the connecting region that they can preferably vibrate 

unimpededly transversely relative to the direction in which they extend. In 
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that respect the vibration body is formed and/or made in particular from a 

material with a high modulus of elasticity. As a result it is stiff and is thus 

suitable for being caused to vibrate by the flow. It is an advantage in the 

case of an annular main body that it can be adapted for example to a pipe 

5 cross-section and can thus be integrated into any installation without any 

problem. 

Another embodiment of the flow sensor according to the invention 

provides that the flow 	body 	has a 	mounting 	shoulder or collar which 

subdivides its two regions and which is fixedly disposed on the main body 

10 and is adapted to elastically couple the two regions of the vibration body to 

each other and to the main body. Preferably the mounting shoulder for the 

vibration body is of a circular cross-section which is enlarged in diameter in 

comparison with the two regions of the vibration body. The mounting 

shoulder or collar forms the connecting region for the first and second 

15 regions of the vibration body, by way of which the vibrations can be passed 

to and fro unimpededly between the first and second regions. The material 

thickness of the mounting shoulder and its diameter are in particular in a 

predetermined relationship with the lengths and the diameters of the two 

regions of the vibration body, that are preferably in the form of cylindrical 

20 bending beams. As a result upon excitation of at least one bar-shaped 

region 	of the 	vibration 	body, 	in 	particular transversely 	relative 	to the 

direction in which 	it extends, a diaphragm vibration is produced at the 

mounting shoulder and thus permits in-phase and out-of-phase vibration of 

the two interconnected regions of the vibration body. 

25 The main body has a through passage for the vibration body, by way 

of which preferably a first region projects into the flow cross-section. The 

through passage whose cross-section is basically larger than the region of 

the vibration body, that at least partially projects into the flow, is in the 

manner of a 	stepped 	bore and 	has two portions of cross-sections of 

30 different sizes. The portion of larger cross-section is associated with the 

periphery of the main body whereby a step with a contact surface is 

provided on the main body, on which the mounting shoulder rests only in 

respect of a given 	proportion of its surface area. A large 	part of the 
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mounting 	shoulder 	is 	freely 	vibrating 	whereby 	diaphragm 	vibration 	is 

possible 	at 	the 	vibration 	body 	and 	thus 	co-directional 	and 	counter- 

directional resonance vibrations of the regions of the vibration body can 

occur. 

5 A preferred development of the vibration body provides that the 

vibration body has a preferably cylindrical mounting shoulder or collar, at 

which a respective bending beam of a preferably circular cross-section is 

arranged at mutually opposite sides. The vibration body has two preferably 

coaxially arranged bending beams fixedly connected together by way of the 

10 mounting shoulder or collar. The bending beams are preferably of a circular 

cross-section and are arranged on 	mutually opposite side faces of the 

mounting collar or shoulder. The bending beams are preferably of equal 

diameters. 	In 	a 	preferred 	configuration 	the 	diameter of the 	mounting 

shoulder or collar is about twice as large as the diameters of the two 

15 bending beams. The cylindrical mounting shoulder or collar rests with a 

face on a contact surface of the main body. One of the bending beams is 

arranged to project approximately perpendicularly at that face and forms 

the first region of the vibration body which at least partially projects into 

the multi-phase flow. 

20 In a further embodiment the diameter of the mounting shoulder or 

collar in relation to the material thickness of the mounting shoulder or 

collar is in a relationship in the region of 5 to 9, preferably in the region of 

6 to 7. In addition the diameter of the mounting shoulder or collar relative 

to the diameter of the respective bending beam of the flow sensor is in a 

25 relationship in the region of 1.5 to 3.5. In a 	preferred configuration the 

relationship of the diameter of the 	mounting 	shoulder or collar to the 

diameter of the respective bending beam is in the range of between 2 and 

30 

3. 	Preferably the length of the respective bending beam relative to the 

diameter of the bending beam is in a relationship in the region of 2 to 6, 

particularly preferably a relationship in a range of between 3 and 4. With 

the above-specified relationships of the dimensions of the mounting collar 

or shoulder and the bending beams relative to each other that provides for 

an optimum vibration behaviour of the vibration body according to the 
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invention and thus provides for reliably determining the measurement data 

to be ascertained. 

In a preferred embodiment the flow cross-section is adapted to the 

cross-section through which the medium flows. Adaptation of the flow 

5 cross-section avoids additional turbulence phenomena at the transitional 

location between the pipe conduit and the flow sensor. Thus a vibration is 

excited solely by the medium flowing around the vibration body, in the flow 

sensor. Suitable adaptation of the vibration body ensures that the mode of 

operation of a drain is not adversely affected by the flow sensor. 

10 Preferably the flow sensor is adapted to carry out a method as 

described hereinbefore. The operability of a condensate drain can thus be 

monitored by means of such a flow sensor. 

In addition according to the invention there is proposed a monitoring 

device for monitoring at least one condensate drain for draining off a 

15 condensate. In that case the monitoring device includes at least one flow 

sensor with vibration converter and an electronic evaluation means. The 

flow sensor, in particular according to one of the preceding embodiments, is 

releasably connected to the pipe and/or condensate drain, in particular 

according 	to 	one 	of the 	preceding 	embodiments, 	which 	is 	releasably 

20 connected to the pipe and/or condensate drain. In that case the flow sensor 

is arranged adjacent to the pipe and/or condensate drain. Hereinafter the 

reference to adjacent is used to mean that the flow sensor is arranged for 

example adjoining the pipe and/or the condensate drain, but at least in the 

very close proximity of or tightly thereto. 

25 Preferably the flow sensor is arranged between the pipe and the 

condensate drain. In that way the recording of foreign sound, for example 

produced by and coming from the condensate drain, by the vibration body 

is avoided. 

In a further embodiment the flow sensor is releasably connected to 

30 the pipe and the condensate drain by means of a first flange associated 

with the pipe and a second flange associated with the condensate drain. In 

that way the flow sensor can be replaced at any time simply and without 

complication for for example maintenance operations or in the event of a 
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defect. In addition there is no need either for an additional connecting 

device for fitting the flow sensor into the installation as the flanges which 

are already present can be used, nor does the flow sensor have to be 

manually held in a predetermined position. 

5 Preferably the flow sensor is provided between the pipe and the 

condensate drain, preferably upstream of the condensate drain, and is in 

particular connected releasably to the pipe and the condensate drain by 

means of a first flange associated with the 	pipe and 	a second flange 

associated with the condensate drain. When providing the flow sensor at 

10 	that position 	which 	is 	decoupled 	in 	respect of solid-borne sound, 	it is 

advantageous that a foreign sound which occurs in such installations due 

for example to vibration of the pipes and/or the condensate drain is so 

slight that it influences the 	measurements at that 	location 	scarcely to 

almost not at all. In that case the flow sensor can for example be clamped 

15 	between the two flanges and the two flanges can be screwed together so 

that the flow sensor is arranged fixedly between the two flanges. 

Another development of the 	monitoring 	device according to the 

invention 	provides 	that 	there 	is 	provided 	at 	least 	one 	temperature 

measuring device for detecting a temperature preferably of the medium 

20 	and/or in the region of the pipe and/or condensate drain, preferably in the 

region of vibration measurement. Preferably temperature measurement is 

effected in the region of the condensate drain by means of the temperature 

measuring device which preferably has a temperature sensor. By way of 

the preferably continuously queried temperature it is possible to provide 

25 	information as to whether an unwanted congestion of condensate has 

occurred in the region of the condensate drain by virtue of a defective 

component or whether the condensate drain is closed. By means of the 

temperature measuring device it is easily possible to establish whether the 

measured temperature is falling below a given temperature range, within 

30 	which 	the 	condensate 	drain 	typically 	operates. 	On 	the 	basis 	of the 

measured temperature and the flow measurement which is performed at 

the same time it is preferably possible to determine with a high degree of 
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certainty whether there is a congestion at the condensate drain or whether 

that installation portion is shut down. 

In a preferred embodiment the monitoring device has an electronic 

evaluation 	device 	which 	is 	adapted 	for 	evaluating 	the 	signals 	of the 

5 	vibration converter and for comparison of the incoming signals of the 

vibration 	converter of the 	flow 	sensor with 	a 	data 	set 	stored 	in 	the 

electronic evaluation device. 

In that case the data set comprises in 	particular the ascertained 

reference data. From that data set and the incoming signal the electronic 

10 	evaluation device acquires information about the properties of the flow and 

thus 	demonstrates 	the 	operating 	condition 	of 	the 	condensate 	drain. 

Preferably a plurality of data sets are stored in the electronic evaluation 

device, 	which 	involve 	the 	relevant 	data 	like 	for 	example 	operability, 

condensate amount, vapour loss amount and pressure stage preferably of 

15 	all operating conditions of a drain with the associated sensor data like for 

example 	amplitude 	and 	frequency 	of the 	in-phase 	and 	out-of-phase 

vibration and temperature. In addition the electronic evaluation device is 

adapted to compare the measured data to the stored data sets. If the 

measured data for example should not exactly match a stored data set it is 

20 	possible to effect interpolating determination of the relevant data by way of 

the evaluation device. 

Preferably a further configuration of the monitoring device according 

to the invention provides that the evaluation device is a component part of 

an electronic control 	unit and/or the control 	unit is in signal-conducting 

25 	communication with at least one energy generating device, preferably a 

thermogenerator, 	and 	a 	communication 	unit 	for 	data 	transfer. 	The 

electronic control unit is preferably coupled to an energy generating device 

and a communication unit and is connected by way of a cable or wireless 

data connection to the flow sensor. A sensor node is preferably provided at 

30 	each 	measurement location 	by means of the control unit, the energy 

generating 	device 	and 	the 	communication 	unit. 	Such 	a 	sensor 	node 

communicates with a portable query and output device or a stationary base 

station by way of the communication unit, preferably wirelessly directly 
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and/or by way of other sensor nodes. Querying of the measurement data is 

possible by way of the portable query and output device, from the various 

sensor nodes and display thereof. 	In that way it is possible to ensure 

reliable 	remote 	monitoring 	of the 	function 	of a 	or also a 	plurality of 

5 condensate drains. Instead of a portable query and output device the data 

from the various sensor nodes can also be transferred to a stationary 

monitoring station by way for example of a data network. For example 

measurement data of sensor nodes of various industrial plants at different 

locations can be brought together at such a monitoring station. Preferably 

10 the 	energy 	generating 	device 	which 	is 	preferably 	in 	the 	form 	of a 

thermogenerator has associated therewith an energy storage means, by 

means of which it is possible to ensure a preferably constant energy supply 

for the electronic control unit of the sensor node. 

The invention is described in greater detail hereinafter by way of 

15 example on the basis of embodiments with reference to the accompanying 

Figures in which: 

20 

Figure 1 shows a perspective view of a flow sensor, 

Figure 2 shows a sectional view of the Figure 1 flow sensor, 

Figure 3 shows a further sectional view of the Figure 1 flow sensor, 

Figure 4 shows an arrangement of a condensate drain and a flow 

sensor, 

Figure 	5 	shows 	a 	diagrammatic 	view 	of an 	embodiment of a 

monitoring device, 

Figure 6 shows a diagrammatic view of a further embodiment, and 

25 Figures 7a, b) show a front view and a plan view of a sensor node 

according to the invention 

The Figures include in part simplified diagrammatic views. In part 

identical 	references 	are 	used 	for 	the 	same 	but 	possibly 	not 	identical 

elements. Various views of the same elements may be on different scales. 

30 Figure 1 shows a flow sensor 1 with a vibration body 9 and a main 

body 5 which is of an annular configuration. In this case the vibration body 

9 is of a bar-shaped configuration and has a first region 2 and a second 

region 3. Provided in the main body 5 is a through passage 10 in which the 
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vibration body 9 is arranged. The main body 5 has an opening 4 of a 

predetermined flow cross-section. The first region 2 of the vibration body 9 

projects into the opening 4. Alternatively the vibration body 9 can be of 

such a configuration that the first region adjoins the flow cross-section for 

5 the medium, that is to say is arranged adjacent to the flow cross-section, 

and thus at least partially touches the flow surface. The medium such as for 

example a multi-phase flow, for example steam or vapour and condensate, 

flows through the predetermined cross-section 4. The second region 3 

projects from the main body 5 above the through passage 10. 

10 Figures 2 and 	3 show sectional views of the flow sensor 1. In 

addition to Figure 1, it can be seen from Figures 2 and 3 that the first 

region 2 and the second region 3 are connected together in a connecting 

region 7. In this case the connecting region 7 is of such a configuration that 

it was fitted through the passage 10 into the main body 5 and rests on a 

15 contact surface 11 of a shoulder 12 in a stepped bore 6. The first region 2 

projects through the bore 6 into the opening 4. The second region 3 

projects beyond the main body 5. The vibration body 9 has two preferably 

coaxially arranged bending beams for forming the first and second regions 

2, 3 which are fixedly connected together by way of the connecting region 

20 7 in the form of the mounting shoulder or collar 7'. The bending beams are 

preferably of a circular cross-section and are arranged on mutually opposite 

side faces of the mounting shoulder or collar 7'. The bending beams 2', 3' 

are preferably of equal diameters. The mounting shoulder or collar 7' is 

larger in diameter than both bending beams 2', 3'. The cylindrical mounting 

25 shoulder or collar 7' bears with a face 13 against a contact surface 11 of 

the main body 5. The bending beam 2 is arranged to project substantially 

perpendicularly at that face 13 and forms the first region of the vibration 

body 9 that at least partially projects into the multi-phase flow. 

Figure 4 shows the assembly of a condensate drain 20 with a flow 

30 sensor 	1. 	In 	this 	case the 	assembly 	of the 	flow 	sensor 	1 	with 	the 

condensate drain 20 is shown as an exploded view. The condensate drain 

20 has a housing 23. Arranged on the housing 23 are two condensate drain 

flanges 21 and 22 which are usually fixed to a pipe carrying a medium. The 



18 

flow sensor 1 is arranged between the condensate drain flange 22 and a 

pipe flange 31 provided on a pipe. A respective seal 30 is provided between 

the flow sensor 1 and the condensate drain flange 22 and the pipe flange. 

The seals 30, the condensate drain flange 22, the pipe flange 31 and the 

5 opening 4 are of a cross-section of the same size. In that respect that 

cross-section is precisely as large as the cross-section of a pipe connected 

to the pipe flange 31. 

In that way the flow properties of the medium are not altered when 

flowing through the opening 4 in the direction of the condensate drain 20. 

10 Accordingly the vibrations generated by means of the vibration body 9 are 

those which are excited by the flow around the latter. Those vibrations are 

detected by the vibration converter by way of the measuring location 8 and 

passed to an evaluation device for evaluation of the data contained therein. 

When there are a plurality of flow sensors (sensor nodes) in a condensate 

15 drain system the data can be communicated to a central control unit (base 

station) and passed by the latter to a control centre. 

Figure 	5 	diagrammatically 	shows 	a 	monitoring 	device 	100. 	The 

monitoring device 100 has two pipes 101, a fitting 102 and an electronic 

evaluation device 109. The pipes 101 each have a respective pipe flange 

20 103 connected to a fitting flange 104 associated with the fitting 102, by 

way of a releasable connection 110, in particular a screw means. The pipes 

101 each carry a medium such as for example a multi-phase flow formed 

from vapour and water. A flow sensor 1 is arranged upstream of the 

respective fitting 102 in the flow direction 111 of the medium. In this case 

25 the flow sensor 1 is clamped between the respective pipe flange 103 and 

the fitting flange 104. 

The flow sensor 1 detects the flow of the medium and produces 

signals representative of the flow behaviour. The signals are passed by way 

of a vibration converter 112 to the electronic evaluation device 109. The 

30 vibration converter 112 	is fixedly wired or wirelessly connected to the 

electronic evaluation device 109. The electronic device 109 receives the 

signals sent to it in an input region 105 and stores them. The electronic 

evaluation device 109 also stores a data set 107 containing data from 
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reference measurements of the flow. In this case such a data set 107 

contains certain properties of the flow such as for example the condensate 

level and the flow speed for various operating conditions, that is to say for 

drainage without vapour hammer and with vapour hammer and without 

5 drainage. The data set 107 and the data from the input region 105 are 

processed in a step 106, that is to say compared together and evaluated. 

The precise operating condition, that is to say operability, the condensate 

amount. the vapour loss amount and the pressure stage are precisely 

determined by the evaluation operation. In a further step the results are 

10 outputted to a hand measuring device 108. Alternatively they can also be 

passed to a base station 108 and from there to a control centre. In that 

case the data can be communicated from the sensor node to the hand 

measuring 	device and/or to the base station 	by radio. 	In that way a 

plurality of users can 	monitor the operability of each 	of the individual 

15 fittings 102 in the system with the background of the entire system and 

precisely determine same at any moment in time. 

Figure 	6 	shows 	a 	further 	embodiment 	of 	a 	diagrammatically 

illustrated monitoring device 120. The monitoring device 120 in turn has 

two pipes 101, a fitting 102 and an evaluation device 109. The evaluation 

20 device 109 is part of an electronic control circuit 122 which together with 

an 	energy 	generating 	device 	124, 	an 	energy 	storage 	unit 	126, 	a 

communication 	unit 	128 	and 	a 	temperature 	measuring 	device 	144 

constitutes a sensor node 130. The sensor node is coupled in particular in 

data-transfer 	relationship 	by 	way 	of its 	evaluation 	device 	109 	to 	the 

25 vibration converter 112 and the flow sensor 1. Remote monitoring of the 

fitting 102 is guaranteed by means of the sensor node 130. Possible defects 

of the fitting 102 can be detected by the remote monitoring process both at 

an early stage and also easily and in particular reliably. Preferably the data 

detected by the flow sensor 1 are recorded by the evaluation device 109 

30 and preferably wirelessly communicated from the control unit 122 by way 

of the communication unit 128 to a base station 108 or also a portable 

query and 	output device. 	In addition there 	is 	provided 	a temperature 

measuring 	device 	144 	linked 	to 	the 	control 	unit 	for 	monitoring 	the 



20 

operating condition of the fitting 	102. 	In the present embodiment the 

temperature measuring device 144 has a temperature sensor 146 arranged 

on the fitting 102. 

Figures 7a and 7b show various views of the sensor node 130. The 

5 	energy 	generating 	device 	124 	which 	is 	preferably 	in 	the 	form 	of 	a 

thermogenerator has a carrier plate 132 which is preferably directly fixed 

with a base surface 133 to a heating body like for example the fitting 102 

to be monitored. A Peltier element 134 is arranged at the opposite base 

surfaces 133' of the carrier plate 132. Small amounts of electrical energy 

10 	which are sufficient to operate the sensor node 130 are generated by 

means of the 	Peltier element 	134 due to the temperature difference 

occurring on both sides of the Peltier element. In addition a cooling body 

136 having a plurality of cooling ribs is arranged on the Peltier element 

134, by means of which the temperature difference at the Peltier element is 

15 	increased and thus the effectiveness of the energy generating device 124 is 

improved. A housing 140 is arranged on the cooling body 136 by way of 

spacers 138, 138', within which housing are arranged the energy storage 

unit 126, the control unit 122, the temperature measuring device 144 and 

the communication unit 128, which together with the energy generating 

20 	device 	124 	constitute 	the 	sensor 	node 	130. 	By 	means 	of 	the 

communication unit 128 (Figure 6) which in the present embodiment is in 

the form of a radio module 142, data transfer is then possible to a portable 

query and output device 108 or to a base station 108. From the stationary 

base station, the detected measurement data can be communicated to a 

25 	central 	monitoring 	station 	which 	is 	not 	at 	the 	actual 	location 	of the 

monitoring 	procedure. 	In 	addition 	provided 	in 	the 	housing 	140 	is 	a 

temperature measuring device 144 which is coupled to a temperature 

sensor 146 arranged on the carrier plate. 

30 
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CLAIMS 

1. A method of monitoring a condensate drain (20) including the 

steps: 

5 a) providing a flow sensor (1) for detecting flow properties in a pipe 

and/or fitting carrying a medium, wherein the medium is in the form of a 

multi-phase flow, 

b) detecting a vibration behaviour at a measurement location (8) 

provided on a vibration body (9) of the flow sensor (1) by means of a 

10 vibration converter (112), and 

c) electronically evaluating the vibration behaviour of the vibration 

body (9), 

wherein at the measurement location (8) vibrations of a first region 

(2) of the vibration 	body (9), which is provided at least partially in 	or 

15 adjacent to the flow of the medium, and a 	second region 	(3) of the 

vibration body (9), that is outside the flow, are recorded. 

2. A method according to claim 	1 characterised in that in-phase 

vibrations and out-of-phase vibrations of the two intercoupled regions of 

20 the 	vibration 	body 	are 	simultaneously 	recorded 	at the 	measurement 

location. 

3. A method according to one of claims 1 and 2 characterised in that 

to 	evaluate 	the 	flow 	behaviour 	according 	to 	step 	c) 	reference 

25 measurements are carried out and/or data sets are produced thereby, 

which are used for comparison with the data measured at the measurement 

location (8). 

4. A method according to one of claims 1 and 2 characterised in that 

30 for evaluation of the flow behaviour in accordance with step c) reference 

measurements are performed and/or on the basis of data sets produced 

thereby or by means of previously implemented reference measurements 
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the data measured at the measurement location (8) are compared to the 

data sets. 

5. A method according to one of the preceding claims characterised 

5 in that the 	evaluation 	according to 	step c) 	is effected 	by way of an 

electronic evaluation device (109). 

6. A method according to one of the preceding claims characterised 

in 	that for evaluation 	of the flow 	behaviour 	according 	to 	step 	c) the 

10 amplitudes and the resonance frequencies of detected in-phase and out-of-

phase vibrations are determined. 

7. A method according to one of the preceding claims characterised 

in that for evaluation of the flow behaviour according to step c) the 

15 amplitudes and the resonance frequencies of the detected in-phase and 

out-of-phase vibrations are determined by way of a frequency analysis, 

preferably a Fourier analysis. 

8. A method according to one of the preceding claims characterised 

20 in 	that 	upon 	evaluation 	in 	accordance 	with 	step 	c) 	a 	relationship 	is 

produced between an operability, a pressure stage, a condensate amount 

as well as a vapour loss amount and a resonance frequency and an 

amplitude, preferably two resonance frequencies and their amplitudes, at 

the flow sensor (1). 

25 

9. A method according to one of claims 6 to 8 characterised in that 

the condensate level in the multi-phase flow is determined by way of a 

dependency of the resonance frequency and amplitude of the in-phase and 

out-of-phase vibrations on a damping. 

30 

10. A method according to one of claims 6 to 9 characterised in that 

the condensate level in the multi-phase flow and resulting therefrom a 

damping action of the medium is determined by way of a dependency of 
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the change in the resonance frequency and amplitude of the in-phase and 

out-of-phase vibration at the vibration body. 

11. A method according to one of claims 6 or 10 characterised in that 

5 the flow speed 	of the 	multi-phase 	flow 	is 	determined 	by 	way of a 

dependency of the amplitude and resonance frequency of the in-phase and 

out-of-phase vibration on the flow speed and a or the damping. 

12. A method according to one of claims 8 to 11 characterised in that 

10 the pressure stage is determined by way of a dependency of the resonance 

frequency and amplitude of the in-phase and out-of-phase vibration on the 

damping and/or the density of the medium is determined by way of a 

dependency of the resonance frequency and amplitude of the in-phase and 

out-of-phase vibration on the damping. 

15 

13. A method according to one of claims 1 to 12 characterised in that 

a temperature preferably of the medium and/or in the region of the pipe 

and/or condensate drain is measured. 

20 14. A flow sensor (1) for detecting flow properties in a pipe and/or 

fitting carrying a medium, in particular a condensate drain (20), including 

- a main body (5), 

- an opening (4) which is arranged within the main body (5) and 

which 	is 	of 	a 	flow 	cross-section 	adapted 	for 	the 	medium 	to 	flow 

25 therethrough, 

- a vibration body (9) which projects in adjacent relationship to the 

flow cross-section or into the flow cross-section, and 

30 

- a vibration converter (112) provided on the vibration body (9) for 

converting vibrations into electric signals, 

characterised in that the vibration body (9) has a first region (2) 

provided at least partially in the flow cross-section of the medium which is 

in the form of a multi-phase flow and a second region (3) provided outside 

the flow cross-section, the first and second 	regions forming a 	coupled 
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system and the vibration body being adapted to record at the measurement 

location (8) vibrations of the first region (2) and the second region (3) of 

the vibration body (9) 

5 15. A flow sensor (1) according to claim 14 characterised in that the 

vibration body (9) is of a bar-shaped configuration and/or the main body 

(5) is annular. 

16. A 	flow 	sensor 	(1) 	according 	to 	one 	of claims 	14 	and 	15 

10 	characterised in that the vibration body (9) has a mounting shoulder or 

collar (7') which 	subdivides its two 	regions 	(2, 	3) 	and which 	is fixedly 

disposed on the main body and is adapted to elastically couple the two 

regions (2, 3) of the vibration body (9) to each other and to the main body 

(5). 

15 

17. A 	flow 	sensor 	(1) 	according 	to 	one 	of 	claims 	14 	to 	16 

characterised 	in that the vibration 	body (9) 	has a cylindrical mounting 

shoulder or collar (7') on which a respective bending beam (2', 3') of a 

preferably circular cross-section is arranged on mutually opposite sides. 

20 

18. A 	flow 	sensor 	(1) 	according 	to 	one 	of 	claims 	14 	to 	17 

characterised in that the diameter of the mounting shoulder or collar (7') 

relative to the material thickness of the mounting shoulder or collar (7') is 

in a relationship in the region of 5 to 9. 

25 

19. A 	flow 	sensor 	(1) 	according 	to 	one 	of 	claims 	14 	to 	18 

characterised in that the diameter of the mounting shoulder or collar (7') 

relative to the diameter of the respective bending beam (2', 3') is in a 

relationship in the region of 1.5 to 3.5. 

30 

20. A 	flow 	sensor 	(1) 	according 	to 	one 	of 	claims 	14 	to 	19 

characterised in that the length of the respective bending beam (2', 3') 
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relative to the diameter of the bending beam (2', 3') is in a relationship in 

the region of 2 to 6. 

21. A 	flow 	sensor 	(1) 	according 	to 	one 	of 	claims 	14 	to 	20 

5 characterised in that the flow cross-section is adapted to the cross-section 

through which the medium flows. 

22. A 	flow 	sensor 	(1) 	according 	to 	one 	of 	claims 	14 	to 	21 

characterised in that it is adapted to carry out a method according to one of 

10 claims 1 to 9. 

23. A monitoring device (100) for monitoring at least one condensate 

drain (20) for draining off a condensate, including: 

- at least one flow sensor (1), in particular according to one of claims 

15 14 to 22, which is releasably connected to a pipe and/or condensate drain 

(20), 

- at least one vibration converter (112), and 

- at least one evaluation device (109), 

wherein the flow sensor (1) is arranged adjacent to the pipe and/or 

20 the condensate drain (20). 

24. A monitoring device (100) according to claim 19 characterised in 

that the flow sensor (1) is arranged between the pipe and the condensate 

drain (20), preferably upstream of the condensate drain, and/or preferably 

25 is releasably connected to the pipe and the condensate drain 	(20) 	by 

means of a first flange (31) associated with the pipe and a second flange 

(22) associated with the condensate drain (20). 

25. A monitoring device (100) according to one of claims 19 or 20 

30 characterised by at least one temperature measuring device (144) for 

detecting a temperature preferably of the medium and/or in the region of 

the pipe and/or condensate drain (20). 
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26. A monitoring device (100) according to one of claims 23 to 25 

characterised by an electronic evaluation device for evaluating the signals 

of the vibration converter and/or for comparison of the incoming signals of 

the vibration converter (112) of the flow sensor (1) with a data set stored 

5 in the electronic evaluation device. 

27. A monitoring device (100) according to one of claims 23 to 26 

characterised 	in 	that the evaluation device 	is 	a component part of an 

electronic control 	unit (122) 	and/or the control unit 	(122) 	is 	in signal- 

10 conducting communication with at least an energy generating device (124), 

preferably a thermogenerator, and a 

transfer. 

communication unit (128) for a data 


