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ABSTRACT 
 
 
 

 This document shows how Thermal IQ and advanced 
analytics were used to identify an anomaly in the fuel-
air ratio that went undetected by plant personnel.  
 
The anomaly was caused by an air leak in the 
expansion joint at the blower, which was not 
previously detected due to the location of the joint 
within the plant.  
 
The plant noticed an increase in product quality after 
the blower leak was repaired, but they did not 
immediately attribute it to the leak being repaired.  
 
Thermal IQ was able to directly link the change in 
product quality to the change in air-fuel ratio. This 
insight can help the plant maintenance team better 
direct their efforts to high value activities in the 
future. 

 



 

Description of site issue 
A leading supplier of building materials uses Honeywell Eclipse Vortometric 

burners (Fig. 1.1) on a number of their drying kilns. Vortometric burners are 

well suited to this application in part because they have a wide operating 

envelope, as shown by Fig. 1.1b. The kilns are controlled using Honeywell SLATE 

burner management systems. The kilns are also instrumented with air flow and 

fuel flow sensors, which allow Thermal IQ to continuously monitor the actual 

excess air percentage ratio in the kiln. 

 

(a) 

 

(b) 

Figure 1.1.: Honeywell Eclipse Vortometric Burner (1.1a) and cataloged operating excess air curve (1.1b) 
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A rapid shift in burner excess air was detected during routine remote 

monitoring of the site. This shift, which resulted in the burner running leaner, is 

shown in Fig. 1.2 (A guide to interpreting these time history correlation plots is 

in Appendix A). Note that the measured excess air both before and after the 

shift is within the Vortometric’s operating envelope, meaning that the anomaly 

cannot immediately be attributed to a sensor malfunction (the sensor may still 

be malfunctioning, but the malfunction is not bad enough to yield impossible 

values for this burner). Additionally, there is a significant amount of process air 

in these drying kilns, so it may not have been immediately obvious to the 

operators that the burner ratio had become leaner, especially if they were not 

actively observing the change in flame shape. The site manager was informed 

of the shift, but was unaware of the shift or of any recent activities that may 

have caused the shift. Since this anomaly was unknown to the plant manager, 

the thermal experts at Honeywell examined the data in more detail to 

determine an answer. 

 

 

 

Figure 1.2: Monitored excess air at customer site. Vertical axis shows measured excess air, horizontal axis shows 
firing rate in percent (scaled from 0% at idle and 100% at rated capacity). 

 
 

 



 

Troubleshooting and analysis 
 

The first step in troubleshooting was to determine if the anomaly was on the air 

side or the fuel side. This analysis is summarized in Fig. 2.1, which shows the 

measured valve position plotted against the measured flow rate for air flow in 

Fig. 2.1a and fuel flow in Fig. 2.1b. This relationship will not change under 

normal circumstances. Figure 2.1a shows that the ratio anomaly is caused by an 

apparent increase in flow rate for a given valve position on the air side. Note 

that the relationship between flow and valve position stays the same for the 

fuel side in Fig. 2.1b. The relationship between valve position and flow rate can 

only change for three reasons, listed in order of decreasing probability: 

 

Potential Root Causes 

1. The pressure upstream or downstream of the valve has changed. A leak 

or a blockage in the pipe would cause this. 

2. The flow measurement device was recalibrated. 

3. The valve coupling is loose, causing the position measured by the 

position feedback to differ from the actual position of the butterfly.  

 

Valve Analysis 

If the valve coupler was slipping, we would expect to see an inconsistent 

relationship between the measured valve position and the measured flow rate 

as the burner modulated. Option 3 can therefore be ruled out because Fig. 2.1a 

shows that the relationship is consistent after the initial change. This leaves 

options 1 and 2 as possible root causes. 
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(a) 

 

(b) 

Figure 2.1.: Valve position versus flow for air (2.1a) and fuel (2.1b) 



 

Flame Detector Analysis 

The anomaly was further investigated by comparing the measured flame 

detector voltage versus the firing rate1. The flame detector voltage is 

proportional to the intensity of the measured flame, and the measured 

intensity is a function of both firing rate and fuel/air ratio. In other words, an 

actual change in excess air ratio should also cause a change in the measured 

flame detector strength at a given firing rate. The vortometric burner at this kiln 

was equipped with two flame detectors, so there were two signals that could 

be examined for changes. Figures 2.2b and 2.2c show the comparison between 

the measured firing rate and the measured flame signal for each of the two 

flame detectors. Note the change in date scaling between Figs. 2.1 and 2.2a; 

the range in Fig. 2.2 is truncated to show the differences in signals more clearly. 

These figures show there is a significant shift in the flame detector signal that 

corresponds to the shift in excess air ratio. The result in Fig. 2.2 rules out Option 

2, as a recalibration of the flowmeter will not cause the relationship between 

the measured flamestrength at a given firing rate position to change. In other 

words, the flame detector signal provides strong evidence that the burner ratio 

actually became leaner. 

 

 

 

(a) 

                                                           
1 Most burner controls clamp any signal above 5V to 5V for display purposes 



 

 

(b) 

 

(c) 

Figure 2.2.: Measured Excess Air for January (2.2a), Relationship between 

flame detector strength and firing rate for flame detector 1 (2.2b) flame 

detector 2 (2.2c) for January 

 
 



 

Discussion and Conclusions 
 

 Based on the foregoing analysis and the process of elimination, Option 1 

must be the root cause. The data shows an increase in air flow at a given 

valve position, indicating that the pressure upstream of the valve was 

increased. An increase in pressure could be caused by cleaning an air 

filter, removing an existing line blockage, or fixing a leak. Upon further 

discussion with the plant manager it was discovered that a blower 

expansion joint had been tightened, but the plant was unaware of the 

severity of the leak. The leaner ratio was actually the desired ratio, and 

the plant noticed an improvement in the product quality after the leak 

was fixed. The plant can now take a more proactive approach in 

inspecting the expansion joints for leaks, thereby ensuring higher 

product quality. 

 

This case study highlights how the data collection capability of Thermal 

IQ combined with appropriate thermal process expertise can identify the 

root cause of problems that would go unnoticed otherwise. This 

troubleshooting was done remotely, saving the plant in labor costs. In 

addition, access to facilities may not always be possible due to travel 

restrictions and site access limitations. Remote interface solutions allow 

the plant manager to closely watch and safeguard their site operations. 

The troubleshooting also highlighted the impact of burner fuel-air ratio 

on product quality. The fuel air-ratio can be monitored more closely in 

the future to reduce scrap costs. 
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 Appendix: Interpreting Time History 
Correlation Plots 

 

Time history correlation plots, as shown in Fig. A.1.1, are powerful tools 

to examine both the relationship between variables and track how these 

relationship change in time. Each plot shows two different variables 

conditioned on a third variable. In the case of Fig. A.1.1, the conditioning 

is on flame strength This means that data points for air flow and fuel flow 

are only selected if the flame strength at the same time is above a 

certain amount (in this case the threshold is set at 2.5V). This 

conditioning is chosen to ensure that air flow and fuel flow values are 

only reported when the burner is lit and stable. The color of each point 

indicates the time of the data point, as shown by the color bar on the 

right of the figure. 

The relationship between the fuel flow and air flow is the measured 

fuel/air ratio curve, and absent deliberate maintenance work is expected 

to remain constant. Figure A.1.1 shows two distinct fuel/air curves, 

which is not typical in setups that run a single fuel as this one does. 

Furthermore, the richer fuel/air curve is largely the same color, 

indicating that the burner operated on this curve for most of January 

before switching to the leaner fuel/air curve. The advantage of using 

time-history plots such as these is that drifts in the relationship between 

variables and the time when those drifts occurred can be visualized. 

 

Figure A.1.1.: Annotated Time History Correlation Plot 
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