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Abstract---This paper looked at the findings and analysis of a 

practical investigation into measuring air ingress to a steam power 

plant condenser using an infrared (IR) thermal imaging camera. The 

transient circumstances heat transfer of the condenser's surfaces 

were researched in order to use a single heating element with 
changing heat flow contributions. The investigation was conducted 

out on a condenser with a changing load, with thermal images taken 

with an infrared sensor and saved on a computer. The thermal 

resistance of the condenser was found to be about 40% lower than 

that of the damaged condenser. 
 

Keywords---steam turbine, thermal images, thermal resistance, IR 

camera. 

 

 

Introduction  
 

Condenser performance was one of the most critical factors influencing thermal 

power generation effectiveness, economics, and emissions concentrations. When 

gas input produces a 10 mmHg rise over condensing operating pressures, turbine 

power output is typically reduced by 1%, or gasoline is increased in response [1]. 
Without even a true surveillance system, those air ingresses could go undetected 

for months, costing a fortune in additional fuel use and pollution. A larger air 

ingress point could cause the condenser vacuum to deteriorate, preventing heat 

transfer from the cooling water and lowering power production. As a result, the 

condensing pressure rises even higher, causing generator inefficiency.Efficiency is 

harmed when large volumes of airare concentrated in the heat exchanger walls of 
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a water cooling medium [2]. Furthermore, because the effects were similar, it was 

common practice to aggregate the costs. If the fraction of them with operating 

costs could be established with any degree of confidence, service concerns would 

have shifted to whether cleaning the condensing or eradicating the root cause of 
such a sky overall is far more essential [3].Condenser air ingress could be 

detected using a variety of methods, including chemical gas finder testing, 

Ultrasonic Acoustics (UA) technology, and Infrared technique. New infrared 

sensors have greater possibilities for infrared approaches due to the excellent 

quality of the thermal image. Infrared cameras of the next generation offer 

enhanced resolution, clarity, picture precision, and dependability. Improved 
infrared image computer vision applications have opened up new possibilities for 

assessing the condition of various hardware devices [4]. Background subtraction 

and contrast modification may be aided by graphics rendering. The detection of 

warm and cool regions in infrared images is aided by feature extraction. Thermal 

pictures could be used to detect hardware failures.Multiple users in the 
commercial sphere result from advancements in thermal image collecting, 

including image recognition, popular destination recognition in electronic 

systems, and constant monitoring, excessive heat recognition, thermal dissipation 

evaluation, and so on [5]. 

 

Materials and Methods 
 

Thermal sensors may take temperature measurements, which would be a non-

contact technology that collects the thermal energy released by the thing. The 

number of components in the sensor determines the picture quality. Monopole 

sensors were employed during first-era camera systems, which have been cooled 
to extremely low temperatures. Infrared Focal Plane Components were utilised in 

current thermal image cameras to create multiple pictures from such a two-

dimensional array of sensors without using a scanned motor.The number of 

components in sensors could be increased to improve the visual. Several objects 

containing thermal pixel array sensors were employed in modern thermal imaging 

cameras, with a range of 1320 X680 pixels [6]. In the energy generation industry, 
recent advancements in thermal sensors have proven essential for popular 

destination identification. Thermal sensors have just succeeded to acquire 

whatever item's thermal image. The imaging gadget could quickly capture a 

thermal image of the condensersurface and send it to a computer in the form of 

graphs and charts [7]. A comparative examination of condenser thermal images 
could locate cold patches that have been air ingress places. 

 

Steam turbine condenser 

 

In steam turbine power plants, the Rankine cycle appears to be the basic 

principle of energy production. The Rankine cycle appears to be built around the 
boiler feed pumps, furnace, turbine, and condenser. The condenser converts 

steam to water at a pressure below atmospheric. Cooling water was used to 

remove the heat from the reduced-pressure steam in the condenser. Even during 

the condensation process, steam was transformed intothe water by removing the 

latent heat energy. The condenser is a massive heat transfer unit built inside the 
shell. Steam flows into the shell of the condenser while cooling water is pumped 

into the tubing. The cooling tower lowers the temperature of the cooling water, 
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causing the steam to condense into the water in the condenser. Figure 1 [8] 

depicts a condenser for a steam turbine. 

 

 
Figure 1. Condenser setup 

 

The degradation of condenser pressure is one of the most serious issues in 

thermal power plants. A vacuum pump that removes the dissolved gases from the 
condenser keeps the pressure in the condenser stable. Because the pressure 

differential across the turbine determines energy productivity and effectiveness, 

such low pressure in the condenser increases the productivity and effectiveness of 

the Rankin cycle. As a result, condenser pressure is one of the most frequently 

audited parameters in a thermal power station [9]. 
 

Thermal image cold spot detection 

 

For air ingress identification, a comparison of non-air ingress images, as well as 

the most recent thermal image of a condenser unit, is required. Thermal images of 

the condensate were captured using an infrared sensor and saved on a computer 
for different operational conditions. The most recent digital infrared image could 

be matched to infrared photographs in the collection while screening. Condenser 

air ingress could be detected by comparing non-air ingress images to the test 

image. Figure 2 depicts a thermal infrared image of a tiny fraction condenser. This 

procedure necessitates the use of higher-grade thermal image sensors, such as 
the Fluke Ti 480 pro. The Fluke Ti 480 pro has a resolution of 1320x960 and a 

laser range sensor to calculate the distance between the sensor and the item. 
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Figure 2. Thermal Image of a condenser 

 

Thermal image capturing 

  

The much more common application of an infrared sensor should be in collecting 
and analysing spectral information in non-contact monitoring systems of any 

object in the industry. The infrared photons emitted by the object were captured 

by the imaging system. Infrared rays are a type of electromagnetic radiation with 

exceptional optical properties. All materials with a temperature slightly higher 

than absolute zero emit infrared photons of some wavelength. The thermal 
camera tracks the infrared light emitted by the material and converts it into a 

thermal image. This would be saved on the computer as a file. As a result, the 

picture's electronic information depicts the temperature profile of the surface [11]. 

 

 
Figure 3. Electromagnetic Spectrum 

 

Image analysis 
 

The air ingress entry point was looking for a cold spot on the thermograph. It 

could be manually identified using the Fluke IR Ti 480's superior digital signage 

capability. In addition to determining the location of cold spots, the thermal image 

of multiple locations was analysed. The temperature profile reflected by different 
shades, as shown in Figure 3, was identified as the significant parameter for 
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detecting those cold spots. The primary distinction between visible and near-

infrared images is that visible images depict reflected light from the environment, 

whereas near-infrared images do not. Thermal imaging, on the other hand, 

collects infrared photons emitted by the material at various temperatures. The 

camera detects infrared radiation and converts it to electronic data. The smallest 
component of a computer image is the resolution.Every unit in the visible image 

has values that reflect the qualities of the Red, Green, and Blue elements. The 

image-based heat gradient of the item [12] can be seen. An infrared sensor can 

generate a thermal image of any material. Thermal sensors produce a cold spot in 

the image due to frequency radiation, in which thermal photons have a longer 

wavelength. The infrared light represented the temperature variation of the 
machinery. In thermal images, different shades have been used to indicate 

temperature sensors [13]. I measured the temperature profile of the machinery 

using a colour-temperature scale. Throughout continuous conditions, the hottest 

air temperature was determined to be 150 degrees Celsius. Some of the other 

specimens in Figures 4-5, on the other hand, have a cooler background sound 
warmth than the target material.Because a low emissivity component of the 

smooth surface was examined using the cameras' corrected admittance function 

[14], this could be the primary reason for the inability to detect cold areas. 

 

 
Figure 4. Thermal Image of Hot Water in a Cup 

 

 
Figure 5. Ice Cube Melting 
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Results and Discussion 

 

To reduce IR reflections from outside, particularly from shiny metals, IR 

thermography was performed at night. The air ingress investigation concentrated 
on the indicated possible location, with possible areas taking precedence over the 

condenser. The IR image of 4" tube flange studs and screws showed a cold spot. 

The measured warmth on the flange area was approximately 39.5 to 40 degrees 

Celsius, according to the IR temperature measurement image. The cold spot on 

the screws and nuts ranged between 36.4 and 37.3 degrees Celsius. The 

admittance rate of the thermograph image was calculated to be 0.95. There was 
no discernible or audible air circulation at the air ingress points. It was most 

likely due to insufficient air ingress, which was swamped by the sound of nearby 

machinery. The air ingress spots were confirmed using a helium gas absorbent 

experiment.Under tight and careful monitoring, helium gas was sprayed on the 

leakage sites, particularly in the tube flange connector area and around 
discovered cold spots at identifying nut and screws. Helium gas is detected in the 

vacuum pump outlet, indicating an air ingress point in those locations. [13]. 

 

As an emergency repair, the specified screw nuts were tightened. The leaky spots 

were re-tested with the helium leak test to ensure that the leakage had been 

repaired. For the first four minutes, thermograph photographs were taken every 
minute, after which the suction leakage was repaired. On thermograph images, 

cold spot areas gradually faded, and the warmth of detected screw nuts was 

normalised and unified with the balance of the average ring temperature. 

Loosening two of the four screw nuts on a 1" tube flanges attachment caused a 

leakage at the condenser surface.Cold spots in images were recorded during both 
adjusted thermal images, with average temperature difference values of 0.95 and 

0.25. Throughout this situation, a helium leak experiment confirmed the leakage; 

however, no audible disturbances were detected. When the sensor corrected 

transmittance was set to 0.95, the temperature measurement picture was 

obscured. That was most likely due to the sensors picking up strong reflections 

from the outside environment. The thermograph image was enhanced with a 0.25 
corrected remittance level, but no cool patch was detected. The average 

temperature of the plate area ranged between 33.0 and 33.4 degrees Celsius. The 

flanges were opened further until the air ingress increased [15]. A large amount of 

air was forced into the condenser, resulting in a loud whirring sound.Using 

thermography photos, a noticeable cold spot with a large average temperature 
reduction of 1.25 was discovered. The minor temperature difference between the 

leakage marks, as well as the flange temperature, rises, most likely contributed to 

this result. Furthermore, the flange temperatures (approximately 35.0 to 33.4 C) 

were close enough to room temperature (around 32 C). The viewing position was 

beneath the heating element and included a heated water heating element. 
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Figure 6. Input image 

 
Figure 7. Image after median filtering 

 

Image segmentation 

 

Image classification appears to be a reduced photo editing procedure that aims to 

partition the image into homogenous sections, despite anyone else executing 
increasing object localisation detection or scenario analysis. With some wiggle 

room, corresponding solutions could be described as having the same colour, 

structure, intensity, or movement. The visual camera's intelligence assists in 

object identification by correlating many elements such as shape, colour, and 

movement at the same time. In digital signal processing, however, researchers 

should first discover the homogenous need before moving on to a smaller 
condition. Colors may be a good criterion for consistency in some photography 

images, but content may be a better criterion for categorisingfarm fieldwork. In 

thermal pictures, grey tone can be utilised as a homogenous criterion.A basic 

binary image with a certain grey-level baseline can produce quality classification 

performance in some thermal photographs. The divide could be done in one of two 
ways: by using the information or by using a prototype. The information strategy 

employs less picture information during the separation, but the prototype method 

uses a wide range of personal information. The subsections that follow go through 

some of the most common information image segmentation techniques. Because 

background subtraction segmentation in thermal images has become so simple 

and diverse, a comprehensive overview of many background subtraction 
procedures was presented alongside the other segmentation techniques [16]. The 

cooler location in an RGB thermal picture is indicated by the blue colour. The 

grayscale image is created from the blue colour segmented image. Then, to 

determine the air entrance location, transform the grayscale image to a binary 
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image. A binary image is used to apply the ROI. The position of the cold spot is 

discovered after using threshold segmentation. 

 

Region of interest identification  
 

the ROI was calculated by expanding the reference area to include both lateral 

and vertical dimensions, as shown in Figure 8. The needed length of the item was 

used to calculate ROI. After the ROI has been established, it is refined using a 

fuzzy logic approach. These usually assume that the foreground and background 

are suitably differentiated. Researchers utilised the procedure outlined above to 
examine ordinary monitoring photos that could contain a variety of things. The 

researchers believe there is no information on the objects in the scene's types, 

forms, distances, or measurements [17]. As a result, analysts believe that the 

centre and backstory were properly contrasted. The worldwide median filter plus 

ROI recognition cannot be performed as intended because the length of the 
material is unknown. 

 

Thresholding of blue colour 

 

The market can be segmented using a background subtraction approach, in 

which unwanted colours are filtered out and the necessary shades are preserved 
using a thresholding algorithm [18]. The blue colour based thresholding was 

investigated, with the results shown in the image. Every image in colour 

photography was described by three RGB values. As a result, defining the entry 

requirements for multi-spectral or multilayer images, such as the RGB image, 

may be difficult. Background subtraction's logical implication would be to simply 
set an illumination threshold on each image, specifying the spectrum of red, blue, 

and green intensities, for example. 

 

 
Figure 8: illumination threshold 
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Figure.8 Thresholded output image 

 

Conclusion 

 
Infrared thermal images of the condenser could be collected using modern 

thermal imaging. The global temperature gradient created from the image of the 

condenser was utilised to detect gas intrusion into the condenser. Tracing air 

techniques are commonly used in business, but they are expensive, time-

consuming, and do not give improved facilities for identifying condenser air 
ingress,  according to the comparative evaluation. The accuracy of the Ultrasound 

Acoustics approach is harmed by good sound insulation at the plant site. The 

infrared thermal image technology was rapid, didn't require any contact, and 

saved photographs to electronic media. The thermal sensor sensitivity is used to 

calculate the image accuracy. Using thermal image comparisons, it's difficult to 

detect gas intrusion into the condenser.   Using advanced image processing 
technology, the accuracy of a condenser air ingress evaluation might be 

increased. 
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