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While it may seem a simple task, being able to accurately measure

the temperature of fire has been of interest to scientists for

many years. If accurate methods were readily available, it would

allow individuals and businesses to have much greater control

over combustion, improving how we use fuel and reducing

carbon emissions. Dr Arindrajit Chowdhury and Dr Neeraj
Kumbhakarna at the Indian Institute of Technology Bombay have

been developing ideal methods for measuring the temperature of

flames, and creating solutions to facilitate their widespread use.

The Importance of Pyrometry

The act of measuring the temperature
at which flames burn, referred to as
pyrometry, has been important to
scientists for a long time. The ability
to make such measurements has
numerous benefits, ranging from
improving energy efficiency and
determining fuel quality, to having
greater control over combustion

for safety reasons. While pyrometry
technologies are available to scientists
and engineers, many are either
inaccurate or prohibitively expensive.

One of more commonly used tools for
measuring the temperature of flames
is called a thermocouple. This is an
electrical probe that can be inserted
into a fire to give a temperature
reading. However, thermocouples are
plagued by a multitude of issues that
make them difficult to use. Firstly, they
measure specific points in the fire,
meaning that they don’t always give a

broad representation of the overall fire.

Additionally, some flames can cause
soot to build up on the thermocouple
itself, leading to inaccurate
measurements.
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To circumvent this problem, optical
techniques have shown promise. These
allow the temperature of a flame to

be measured from a distance. Such
techniques are not only more accurate,
but are also far safer in practice. The
issue, however, is that these techniques
often require expensive equipment
that would usually only be found in a
laboratory, making them less than ideal
for general usage.

Dr Arindrajit Chowdhury and Dr Neeraj
Kumbhakarna at the Indian Institute

of Technology Bombay have been
developing innovative solutions to
make pyrometry far more accessible.
Through their work, the researchers

aim to help industries to burn fuels
more efficiently, towards significantly
reducing carbon dioxide emissions - the
primary driver of global climate change.

Adapting a Camera for Pyrometry

An ideal pyrometry technique would
be non-invasive, safe and incorporate
readily available components.
Knowing this, Dr Chowdhury and Dr
Kumbhakarna set out to find a solution
that would fit these criteria.
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Temperature contours (in Kelvin) of a
typical candle flame obtained using the
team’s technique.

The solution they came up with involved
the use of a consumer-grade DSLR
digital camera as their detector - the
same kind used by many professional
and amateur photographers. While
other researchers had considered

this possibility before, they had not
been able to achieve adequate image
quality for accurately measuring flame
temperatures.

Dr Kumbhakarna and Dr Chowdhury
set out to develop thisideainto a
working technique. After using the




Measuring a burning mixture of ethylene fuel and air.

camera to obtain images of several
flames, they ran the raw image files
through a series of complex calculations
in their own custom-built programs,
which ultimately provided them with

an accurate way to measure flame
temperature.

They then tested their technique on

a variety of different types of burning
material. Not only did the team’s
technique prove to work consistently

for various materials, but it also could

be used to obtain highly accurate
measurements for sooty flames — which
is difficult orimpossible to achieve using
other methods.

Through their technique, Dr Chowdhury
and Dr Kumbhakarna have offered

a low-cost solution for accurately
measuring flame temperatures, allowing
researchers and industries to perform
their own measurements for a range of
applications.

‘This technique could lead to
unprecedented control over
combustion processes, based on easy
access to whole-field flame temperature
data, explains Dr Chowdhury. ‘The
combustion conditions can be tweaked
to improve the efficiency of combustion
in every combustor. That would mean
that combustion for power generation,
process industry, or even cookingin a
rural setting, could be achieved by using
a lesser quantity of fuel. Industries could
service their equipment at the correct

moment to cut back on excess fuel
consumption. Such marginal savings
across the world has the capability
to save billions of tonnes of carbon
dioxide from being released into the
atmosphere’

Detecting Soot in Rocket Fuel

The existence of soot particles in flames
can have a serious impact on the
accuracy of pyrometry measurements,
making it difficult to learn about how
different fuels burn. This is particularly
problematic in industries that require
such crucial information for the
development of new fuels.

One example is the development of
new rocket propellants. An incredible
amount of research goes into
developing high-quality rocket fuels,
and thereis a lot to consider - including
the amount of energy released from the
fuel, the temperature of combustion

and the waste products that it produces.

Dr Chowdhury and Dr Kumbhakarna
decided to investigate a series of large
molecules called bishomocubane
(BHC) compounds. These have
garnered significant interest recently
due to their potential as rocket
propellants. However, there is a lack of
strong physical data regarding these
compounds, especially when it comes
to their combustion properties.
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Using their DSLR camera setup, the
team began to research the combustion
properties of a selection of BHC fuels.
During several experiments, they
collected valuable combustion data

for each type of fuel, showing that
many of the fuels reached a maximum
temperature of around 1700°C, which
was supported by data gathered from a
thermocouple.

Where the team’s DSLR technique
really shone, however, was in the
measurement of particularly sooty
flames. Here, the recorded temperature

was significantly higher than the reading

from the thermocouple. The researchers
were able to demonstrate that that the
accuracy of their DSLR technique was
far better than that of the thermocouple
under these challenging conditions.

The team even managed to use the
data that they gathered from the
camera to calculate an estimate of the
volume of soot that was contained
within the flames themselves. This is
an exciting development, as it provides
even more insight into the properties
of BHC fuels and their effectiveness as
potential rocket propellants. This not
only demonstrates the potential merits
of the fuel, but of the team’s pyrometry
technique itself.

Dr Chowdhury and Dr Kumbhakarna
have demonstrated that by using an
innovative approach, it is possible to
accurately measure the temperature of
avariety of flame types, using tools that
are accessible to any research team or
industry. It is hoped that this will have
asignificant impact on the fuel usage

in industry, reducing carbon emissions
and therefore helping to combat climate
change.

The researchers also plan to extend
their technique to include even

more inexpensive and widely used
technology. ‘We perceive that anyone
with a smartphone with a reasonably
good camera would also be able to
measure luminous flame temperatures
fairly accurately, states Dr Chowdhury.
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