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Abstract: In the power plant, for over two decades, use of acoustic techniques were limited only to detect steam 
leaks in the Boiler. Even this application has certain limitations like interfering background noises, sound wave 
attenuations, and inaccessibility of desired sensor locations. For these reasons a proper specialized technique, 
generally unique to a given application, be employed to ensure optimum sensitivity. This paper presents an 
innovative approach towards use of acoustic techniques in a 500 MW thermal power plant. The application areas 
include clinker /sagging detection, steam leak detection and combustion optimization. In the steam leak detection 
and combustion optimization, the present day limitations are overcome. The use of acoustic technology to detect 
clinker formation is a new concept. All the three applications are designed and implemented in a 500 MW power 
plant.  
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1. Introduction 
 

Acoustics deals with the production, control, 
transmission, reception, and effects of sound. It is 
indispensable that abnormalities in power plant be 
detected in their early stages so that power failures will 
not seriously affect public life and vital installations 
and infrastructure. To this end, power plant engineers 
have introduced a range of equipment monitoring 
systems, and development work is still going on. 
These monitoring systems are fitted with a number of 
sensors that work like human sense organs. Acoustic 
sensors are one of the most important kinds of these 
sensors [1].  

This paper presents a method of detecting 
abnormalities like boiler tube leakage, clinker 
formation and unbalance temperature profile in the 
combustion zone using acoustic sensors. These 
abnormalities do not create any catastrophic situation 

but if ignored will lead to secondary damages and also 
unit outages.  

 
 

2. ASLD System  
 

The Acoustic Steam Leak Detection (ASLD) 
system works on the principle of detecting the sound 
waves emanating from the steam leak, processing the 
same and then indicating the quantum of steam leak 
and the location. The conventional method of 
detecting boiler tube steam leaks is by ear. But, this 
method would lead to secondary damages in the boiler 
tubes due the delayed actions. In comparison, the 
computer-based acoustic tube leak-detection system 
uses FFT (Fast Fourier Transform) to generate audio 
spectrums and analyze plant conditions. When a leak 
is detected by a change in the sound patterns, alarms 
are activated and the fault is localized. Mimic 
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diagrams enable plant operators to identify the 
affected area and plot the progress of the leak for 
planned shutdowns. 
The boiler is divided into 24 zones and in each zone a 
wave guide is mounted on the stub provided in that 
zone. The wave guide is installed at an angle of 45 
degree to the vertical axis of the water wall panel and 
is welded to the seal box filled with refractory. The 
wave guide houses the acoustic sensor which is 
connected to the isolator unit at the boiler side and 
further processed with signal processing electronics at 
the Control room as shown in Fig. 1. 
 
 

 
 

Fig. 1. Architecture of ASLD. 
 
 

The wave guide houses the acoustic sensor 
assembly with integrated head amplifiers along with 
the essential components required for its sustained 
operation such as the air purging arrangement, 
isolation valve, heat insulated spacers and heat 
insulated coupling as shown in Fig. 2. 

 
 

Fig. 2. Wave guide assembly. 
 

 
This coupling is used to avoid heat conduction to 

the sensor assembly. A variation in the normal sound 
frequency and amplitude is used to detect steam leaks. 

In leak detection applications, the most important 
factor to consider is background noise within the 
propagation medium of interest. Almost all 
background noise can be characterized as white noise 
combined with discrete frequency noise. White noise 
can be defined as containing components at all 
frequencies within a range or band of interest. Both 
normal boiler noise and leak noise are considered to 
be white noise. Boiler noise is best described as low 
frequency white noise (rumbling) while leak noise is 
best described as higher frequency white noise 
(hissing). 

 
 

 
 

Fig. 3. Layout of sensors in 500 MW Boiler. 
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The mimic layout of 24 nos sensors is shown in  
Fig. 3. The bar graph of the 24 sensors is shown in Fig. 
4 and the trend is shown in Fig. 5.  

Latest signal processing approach is implemented 
wherein the Signal processing modules consists of 
audio spectrum analyzers based on FFT techniques 
with central processor unit, programmable memory 
and an interface card with a high-speed analog-to-
digital converter and isolated input/output circuits for 
interfacing with field wiring and an operator’s 
console. The incoming signal is digitized and FFT is 
performed to produce the frequency spectrum. This 
spectrum memorized and compared with a previous 

spectrum that is characteristic of normal background 
noise. The comparison is done by software means. The 
normal background noise is stored as a reference 
spectrum when the unit is running at full load with no 
tube leakage. If a considerable difference exists 
between these two signals, a leak is indicated. The 
benefits of using FFT based acoustic detection system 
includes the early detection of tube leaks, the 
avoidance of unscheduled outages, early steam-leak 
detection and an increase in boiler-tube life, operating 
performance, power station uptime, operating profits 
and personal safety. 

 
 

 
 

Fig. 4. Bar graph of 24 sensors. 
 
 

 
 

Fig. 5. Trend of 24 sensors. 
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3. Slagging and Clinkering 
 

Slagging and Clinkering are a critical in the safe 
running of boilers of thermal power plants as this may 
lead to forced outage of the Boiler. Slagging is the 
deposition of ash on furnace walls which tends to 
solidify due to the lower temperature of the boiler 
tube. Clinker formation occurs due to low quality coal 
having low gross calorific value, high ash content, 
high mineral content, low fusion temperature of ash or 
over firing. Clinker formation may also occur due to 
improper air fuel mixture in the furnace, change in 
coal quality etc. There are several existing 
technologies to minimize the slagging and clinkering 
problems in boilers, such as pulse detonation wave 
technology, intelligent shoot blower, anti-fouling 
coatings, chemical treatment technology, strain 
gauges, measurement of temperature in bottom hopper 
etc. [3]. But they have their own limitations. These 
techniques have certain drawbacks such as very 
expensive to implement and also, the indication is not 
instantaneous owing to the fact that they primarily rely 
on change in primary parameter (like temperature) as 
the sensing method which inherently is a slow process. 
Hence generally it is detected by variation of other 
derivative parameters. 

Detection of clinker formation at an early stage is 
helpful because when the clinker falls into bottom ash, 
it disturbs the furnace flame, pressure and drum level 
occasionally causing Boiler trip. In this paper, a novel 
approach is proposed for detecting the rate of slag 
formation in the furnace by sensing the periodical fall 
of clinker. It gives an early indication to the operator 
to take preventive and corrective action. This approach 
focuses on being cost effective by utilizing the existing 
ASLD of the boiler as the primary sensing medium. 
The proposed basic approach has been validated with 
implementation in a 500 MW thermal power plant.  

The Proposed system of acoustic clinker fall 
detection focuses on an effective and reliable method 
to detect in real time when lumps of clinker fall into 
the furnace by sensing the sound wave generated when 
the lump of clinker hits the bottom ash hopper. A deep 
thud is generated when the mass of clinker falls into 
the bottom ash hopper. This also creates a small 
disturbance in furnace pressure proportional to the size 
and inherent energy of the lump of clinker.  

On detailed analysis of the audio spectrum 
generated using real time audio spectrum analysis 
software, it was found that when the lump of clinker 
hits the water in the bottom ash hopper, a peak is 
generated between the 20 Hz to 1 kHz frequency band 
in the audio spectrum. This important finding formed 
the base of the acoustic clinker fall detector. The 
existing ASLD is extended for the proposed system. 
 
 

3.1. System Design Considerations 
 

Fig. 6 shows the designed clinker detector circuit. 
The audio input from the ASLD system is sent to a low 
pass filter with cut off at 1.5 kHz. The boiler is a very 
noisy area with continuous low frequency combustion 

noise between 20 Hz to 100 Hz. As our desired 
bandwidth of 20 Hz-1.5 kHz is also polluted with this 
combustion noise, a background noise suppressor 
circuit subtracts the low frequency continuous 
combustion noise below 100 Hz. A comparator circuit 
was designed which gave a high pulse and triggered a 
relay whenever the input signal crossed the threshold 
value , the limit value being set after deployment at 
site by means of a potentiometer carefully so that it 
does not falsely trigger due to boiler combustion noise 
. In the present iteration, two comparator circuits are 
used, one set at a low threshold and the other set at a 
higher threshold to indicate fall of small clinker and 
fall of large clinker respectively. The relay outputs are 
connected to digital input cards in the DCS system for 
the purpose of storing and analysis.  

 
 

 
 

Fig. 6. Clinker detector design. 
 
 

The existing use for ASLD remained unaffected by 
this connection thus effectively making them dual 
purpose detectors for both steam leakage and clinker 
fall detection. Comparator 1 was set to a low threshold 
of 50 mV and comparator 2 was set to a higher 
threshold of 90 mV. Both the settings were done after 
experimental analysis of the boiler noise. The relay 
outputs of comparator 1 & comparator 2 were 
connected to DCS. The system was put under 
continuous monitoring. Several relationships between 
furnace pressure and size of clinker falling were 
established.  
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3.2. Analysis  
 

On analysis of several samples recorded at 
different times throughout the operation of the unit at 
a load of 500 MW, few observations are made. 

1. It was observed that when a peak is created 
between 20 Hz to 500 Hz with amplitude of - 15 dB to 
- 5 dB, a large size clinker has fallen 

2. When a peak is created between 500 Hz to 1000 
Hz with a similar amplitude range, a small size clinker 
has fallen.  

3. The combustion noise which is generated 
continuously when the unit is running has been found 
to have maximum energy in the 20 Hz to 1500 Hz band 
with an amplitude range of - 20dB to -30 db. 

4. During Soot blowing with steam pressure of 9.5 
kg/cm2, the noise generated is between 800 Hz to 
1500 Hz with an amplitude range of - 30dB to -4 dB.  

Hence, with reference to Fig. 7, it is inferred that 
Clinker falling is characterized by low frequency and 
high amplitude signal. 

 
 

 
 
 

 
 

Fig. 7. Frequency versus dB plot of furnace sounds. 
 
 

Based on the above consideration, logic is 
developed in the DCS system to annunciate clinker fall 
based on fall of clinker in unit time. (Number of 
clinker falls / time).  

The Four indications generated in DCS are: 
a) Category 1 Normal – 4 to 9 falls of small size 

clinker in 120 seconds. 
b) Category 1 High – More than 10 falls of small 

size clinker in 120 seconds. 
c) Category 2 Normal –5 to 10 falls of large size 

clinker in 120 seconds. 
d) Category 2 High– More than 11 falls of large 

size clinker in 120 seconds. 

The category inferences were made when Unit 
load is at 500 MW with coal flow 300 Ton per hour 
with coal calorific value of 3500 kcal/kg and average 
ash content of 30%. Graphics for the above logic were 
implemented in the DCS system with trend plots for 
easy analysis as shown in Fig. 8. 

 
 

 
 

Fig. 8. Trend plots for clinker falling. 
 
 
4. Acoustic Pyrometer 
 

Acoustic pyrometer is a device instrument that 
provides measurement of high combustion-gas 
temperatures within boilers and furnaces. It is a 
nonintrusive method which works on the principle that 
the speed of sound in a gas is proportional to the 
temperature of that gas. An acoustic transmitter and 
receiver are located on the outside of opposing walls 
of the boiler/furnace, and a low intensity acoustic 
signal is launched through the gas stream. Since the 
distance between the transmitter and receiver is known 
and fixed, the average temperature of the gas along the 
acoustic path is computed from an accurate 
measurement of the sound signal’s transit time. 

 
 

4.1. Principle of Operation  
 

Acoustic Pyrometry is a non-contact method based 
on the relationship of between the speed of sound and 
the density of the medium through which it travels. It 
is well known that the speed of sound varies with the 
temperature of the medium through which it travels 
and that changes in speed sound can therefore provide 
a direct measurement of the medium’s temperature. 

The relationship is based on the Ideal Gas Law: 
 

p = ρRT, 
 

where p is the pressure, ρ, is the density, R is the 
specific universal gas constant, T is the temperature. 

And on the relationship between the speed of 
sound and the ratio of the pressure to the density given 
by: 

c2 = γp/ρ, 
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where c is the speed of sound and γ is the ratio of the 
specific heats at constant pressure and volume, 
respectively. 

Combining these two relationships yields: 
 

c = (γRT)1/2 
 

which is the basic relationship between the speed of 
sound and the temperature. 

These relationships imply that all that is required 
for the temperature measurement is a transmitter to 
produce a sound wave at a specific time, and a receiver 
at a known distance to measure the arrival time of the 
sound wave, determine the sound speed, and compute 
the temperature [4]. Speed is directly proportional to 
the square root of the temperature. The schematic 
layout is shown in Fig. 9. Plant air is used for sending 
acoustic signals and each one of the transmitters is also 
and receiver, so known as the transceiver. At a time 
one acts as a transmitter and other as a receiver. Signal 
once received by the receiver passes through piezo-
microphone and gets converted into electrical signal 
and then enters into the control unit as an input which 
gives 4-20 mA as output. 

 
 

 
 

Fig. 9. Layout of Acoustic Pyrometer system. 
 
 

Finally output through the software gives thermal 
gradient of the zone as the final output either in the 
form of Isothermal map or Area Plot as shown in Figs. 
10 and 11 respectively. 

For efficient combustion it is mandatory to 
maintain a balanced Furnace Temperature Profile. 
Whenever unbalance in fire ball or shifting of flame is 
observed, the acoustic pyrometer indicates the 
necessary action to be taken thereby optimizing the 
combustion process. As an example, in Unit 1 at  
500 MW with MILL ABCFGJ and K in service, the 
temperature profile is unbalanced along with two 
temperature zone in the middle of fire ball as shown in 
Fig. 12. The unbalance fire ball will result in poor 
combustion. 

 
 

Fig. 10. Isothermal map. 
 
 

 
 

Fig. 11. Area plotting by acoustic pyrometer. 
 
 

 
 

Fig. 12. Temperature profile with 2 zones. 
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After Mill change over from K to E, at 500 MW 
with mill ABCEFGJ in service, the temperature profile 
is now balanced as shown in Fig. 13. There is one 
temperature zone and hence the fire ball is stable 
thereby the combustion efficiency improves. 

 
 

 
 

Fig. 13. Balanced temperature profile. 
 
 
4.2. Limitations of Acoustic Pyrometer  
 

The main drawback of the sensor is the reliability 
to generate sound signals loud enough to be detected 
in the presence of considerable background noise. This 
drawback has been overcome recently with the 
development of patented technology which has a high 
intensity pneumatic sound generator, coupled with an 
advanced signal detection algorithms. The sound 
generator produces a high-energy sound wave (over 
170 dB) using a unique patented pneumatic device as 
shown in Figs. 14 and 15 [5]. 
 
 

 
 

Fig. 14. Arrangement of pneumatic device. 
 
 

The sound wave produced by the pyrometer has a 
sharp leading edge that is propagated concentrically 
from the generator. This enables the pyrometer to 
accurately measure temperatures to within + 1 % over 

a range of 0 to 1900 0C, even in the presence of 
considerable noise.  

 
 

 
 

Fig. 15. New pneumatic device. 
 
 

The new sound source enables the measurement of 
gas temperatures in furnaces over 30 meters wide, and 
within sootblower lanes (up to 25 m), which has 
previously not been possible. It also permits the use of 
long (up to 13 meter) pipes to deliver the sound to the 
desired measurement location, such as the tip of the 
boiler “bullnose”. This permits mounting 
arrangements through windboxes and/or around 
obstructions without affecting the quality of the 
resultant measurement. The high-energy sound wave 
also enables the use of smaller and more sophisticated 
receivers that can be readily installed through boiler 
tube webbing using 12 mm by 25 mm slots. This has 
had a major impact on reducing installation costs and 
eliminating the need to bend boiler tubes [5]. 
 
 

4.3. Advantages of Acoustic Pyrometer 
 

A. Soot Blowing Operations. 
Soot blowing operations has been optimized by the 

use of Acoustic Pyrometer resulting in significant 
reduction in steam combustion and over blowing 
operations. 

B. Reduction in Superheater & Reheater spray 
leads to reduction in efficiency, so once real time 
temperature gradient is known to operator, 
combustion conditions are analyzed to reduce over 
heating combustion. 

C. Reduction in Clinkering Problem. 
Nowadays blending of imported coal with Indian 

domestic coal is a common phenomenon in all NTPC 
stations and Clinkering is a problem attached with 
blending. Clinkering depends on ash fusion 
temperature. Real time temperature zone of the 
combustion area proves to be very advantageous for 
the boiler desk operator in controlling temperature 
well below ash fusion temperature. 

D. Reduction in NOX formation. 
High temperature leads to NOX formation, 

polluting our environment. Real time temperature 
assessment proves beneficial in saving our 
environment. 

E. Reduction in tube leakage & shutdown time. 
Monitor flue gas temperature from 32 ºF to  

3500 ºF (0 ºC to 1927 ºC) for boiler startup, preventing 
over firing that could damage superheat tubes, and in 
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worst case it can lead to tube leakage, resulting in unit 
shut down for 24- 150 hours. 

F. Replacement of Contact type Probes. 
In the old thermal power plants, we used to have 

Furnace Temperature probe for measuring furnace 
temperature. This long probe used to get bent and 
stuck up inside the furnace. 

G. Detection of shifting of combustion zone. 
Isothermal mapping shows whether combustion 

ball is shifted towards any of the sides inside the boiler 
leading to overheating of particular side water wall 
tubes. 
 
 

5. Conclusion 
 

In this paper, we summarize the acoustic signal 
detection applications in boiler of a thermal power 
plant. According to our research, the acoustic 
technology has wide application in boilers. Early 
detection of faults will decrease the amount of repairs 
to be made and the unit downtime. Acoustic based 
detection system for steam leaks, clinker formation 
and combustion profile is an excellent method of 
minimizing downtime, improving reliability, 
efficiency and emission control. All the three 
applications have been implemented successfully in a 
500 MW power plant. 
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