
Optimizing Combustion Processes
Facilitating Cost-effective and Environmentally Friendly Products





The combustion process poses significant challenges with respect to 

maximizing performance and fuel economy. The environmental impact of 

combustion by-products mandates a better understanding of the combustion 

process in order to secure a healthier society and planet Earth for present and 

future generations. 

Combustion is integral to many modern technological 
advances including automotive and aircraft engines, as well 
as the generation of electric power and heat. Given the 
limited availability of fossil fuels and their impact on the 
global climate, these applications face significant challenges 
with respect to, not only performance and fuel economy, 
but also the type and amount of pollutants emitted.

In order to address such challenges, many countries have 
enacted legislation and mandated strict timetables to reduce 
emissions of, for example, NOx, CO2, SOx and particulate 
matter.

Dantec Dynamics offers a full range of advanced 
measurement solutions to help you understand and 
maximize the efficiency of the combustion process. Our 
solutions address application areas including fuel injection 
and mixing, flow velocity information, as well as the 
measurement of combustion species and soot concentration.

Partnering with Dantec Dynamics brings you expert         
knowledge for configuring diagnostic systems and creating 
customized solutions to meet your application needs.

Reduce Your Carbon Footprint
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Improving Fuel Economy

The injection and distribution of fuel play key roles 
in the amount of energy released and the quantity 
of pollutants emitted from engines, gas turbines and 
burners. Optimizing and understanding fuel atomization, 
vaporization and mixing require advanced measurements 
to characterize  technical alternatives. 

Dantec Dynamics’ dedicated diagnostic techniques let 
you obtain information such as spray shape parameters, 
fuel droplet size, velocity and temperature, as well as fuel  
concentration and mixing characteristics. Our systems are 
used worldwide in numerous research and development   
centers, as described in the following application 
examples.

Optimizing Fuel Droplet Distribution
Spray geometry parameters such as cone angle, position 
and length influence the achievement of uniform 
droplet distribution in the combustion chamber. Spray 
characterization is obtained using lasers and fast cameras 
which freeze the motion in high-resolution images. Image 
analysis software is then applied to measure parameters of 
interest easily and quickly. 

Figure 1: Fuel injector spray geometry by Mie scattering analysis.
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Figure 3: Use of PDA for
diesel injection spray analysis
in a high-pressure chamber.
Courtesy of Achates Power Inc.
Fuel Injection Lab, US.

Measuring Fuel Spray Temperature
The air-fuel ratio is directly influenced by the spray 
droplet temperature and fuel vapor concentration in the 
combustion chamber. The new two-color Laser-Induced 
Fluorescence (LIF) technique can be applied to measure fuel 
spray temperature and provides data on the correlation 
between injection conditions and spray temperature for 
improvement of CFD models.

Enhancing Fuel Injection and Mixing
Details on droplet size and velocity for fuel injection 
sprays are fundamental for clean and efficient diesel 
power. Achates Power Inc. develops novel solutions based 

on Phase Doppler Analysis (PDA), which is widely used 
for studying spray atomization. It provides immediate 
feedback for the spray models, thus allowing a high 
level of confidence in the overvall results of numerical 
simulations (figure 3).

Improving the Efficiency of Turbo-Machines 
In multi-stage turbines, the highest level of combustion       
efficiency is achieved through the alignment of the turbine 
vanes. Both Particle Image Velocimetry (PIV) and Laser 
Doppler Anemometry (LDA) are used to analyze velocity 
and as a result, find the optimal alignment for efficient 
energy conversion.

Figure 2: Temperature maps of dodecane sprays from a diesel injector at three 
different chamber temperatures.  Courtesy of F. Lemoine. LEMTA, University of 
Nancy, France.

Figure 4: Left: Stereoscopic PIV measurements using endoscopic light sheet.
Right: the results obtained. Courtesy of J. Woisetschläger, TU Graz, Austria.
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Achieving Cost-effective and Reliable Products

Following Combustion in Time
Practical applications of combustion, such as internal 
combustion engines and gas turbine combustors, often 
involve turbulent flow fields to improve the mixing. In such 
environments it is often desirable to obtain temporally 
resolved information. 

Time-resolved Laser-Induced Fluorescense (TR LIF) 
measurements can now be performed at frame rates 
of several kHz. This is high enough to capture the rapid 
dynamics in a variety of combustion applications, such 
as ignition phenom ena, flame propagation and local 
extinction events.

Time-resolved OH LIF has been performed in a turbulent 
jet flame captured when switching combustion modes. 
The image sequences give detailed insight into how the 
reaction zone changes shape during the switch. The full 
image acquisition was done at 3 kHz frame rate, and in 
figure 5 a selection of image frames are shown.

Reducing Fuel Consumption
Local flame extinction in a combustion process can affect 
the efficiency and thus also the fuel consumption.
 
To study the interaction between combustion chemistry 
and fluid mechanics, simultaneous time-resolved PIV 
measurements and time-resolved LIF measurements of OH 
have been performed. 

Figure 6: A snapshot from simultaneous time-resolved flow velocity field and OH 
visualization in a turbulent atmospheric flame. Courtesy of Division of Combustion 
Physics, Lund University, Sweden.
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The stability and efficiency of the combustion 

process are fundamental to reliable, cost-

effective and environmentally friendly   

products. Ignition processes, flame stability, 

flame extinction and turbulent mixing can 

be investigated with advanced laser-based 

techniques.  

Figure 5: Time-resolved OH LIF in a turbulent jet 
flame captured when switching combustion modes. 
Full acquisition at 3 kHz frame rate, selected images 
displayed. Courtesy of Laboratory of Environmental 
and Thermal Engineering, Department of Mechanical 
Engineering, University of Sao Paulo, Brazil.

Replacing Hydrocarbon Fuels with Hydrogen 
The shift away from hydrocarbons to alternative fuels such 
as hydrogen, presents challenges for both product per-
formance and pricing structure. A detailed analysis of the 
mixing process is required to meet these challenges. 

Combining different measurement methods like LDA 
and PIV to measure flow velocity makes it possible to 
investigate how the different structures of a swirl flame 
interact with each other. 

Detailed Volumetric Flame Studies 
The lack of data capturing gradients out of the 
measurement plane by means of conventional planar 
PIV limits the analysis in certain applications. Volumetric 
measurements have improved the understanding of the 
complex flow fields of swirl burners, including the nature 
of the coherent structures surrounding the flame region 
and their influence on the flame dynamics

Figure 7: Left: Vorticity field and streamlines by PIV. Right: Streamlines 
superimposed on the flame. Courtesy of A. Coghe. Dipartimento di Energetica, 
Politecnico di Milano, Milan, Italy.

Figure 8: Instantaneous flow field with large coherent structure from an 
atmospheric swirl burner. Courtesy of Division of Combustion Physics, Lund 
University, Sweden.
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Reducing CO2 and Pollutant Emissions

Enhancing Coal Burner Efficiency 
Coal burners require a design combining high combustion 
efficiency with low emissions. Optimizing the burners        
necessitates an understanding of both the flame dynamics 
at elevated pressures and their interaction with the flow 
field adjacent to the burners. Laser diagnostics, such as 
those provided by PIV, are necessary to measure the flame 
shape, the laminar flame velocity and the flame response 
to  external variations.

Minimizing Soot in a Diesel Engine 
Soot is a by-product of incomplete combustion and is a 
major source of pollution in diesel engine exhaust. The 
Laser-Induced Incandescence (LII) technique allows in-
cylinder investigations to reveal both where the soot 
is formed in the combustion chamber and when this 
formation occurs in the engine cycle. The operating 
conditions under which soot  formation occurs may also be 
determined using LII. 

Figure 9: PIV measurements of the flow field in a coal burner. Courtesy of 
Department of Thermal Engineering, Tsinghua University, China. Figure 10: The view through the optical piston from below (a) and from the side 

(b), together with single-shot soot volume fraction images. Courtesy of H. Bladh 
et al, Lund University, Sweden.
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The need to reduce emissions of CO2, NOX 

and other pollutants from combustion 

processes is becoming increasingly important 

due to their impact on global warming 

and human health. Dantec Dynamics 

provides diagnostic solutions to measure 

soot concentration, particle size, and 

concentration of unburned hydrocarbons. 

Lowering SOX, NOX and Particle Emissions from
Power Plants
The reduction of  SOX, NOX and particulate emissions 
from coal-fired power plants is accomplished by scrubbers 
which are used to produce and distribute fine droplets 
as evenly as possible within the gas flow. Lechler GmbH 
develops and supplies spray nozzles for scrubbers, using 
PDA measurement solutions to measure droplet size and 
velocity, spray angle and pattern in order to optimize 
nozzle design.

Improving Power Plant Exhaust Gas Filtering 
The filtration of exhaust gases from coal-fired power 
plants is essential for reducing their pollutant emissions. 
Electrostatic precipitators (ESP) are widely used for this 
purpose due to their high separation efficiency. Detailed 
understanding of the physics of the electrostatic aerosol  
precipitation process is essential when optimizing 
the design of ESPs. PIV and LDA are used to study the 
movements of charged particles in a model ESP.

Figure 11:  PDA mounted on a traverse to measure droplet size and velocity 
distribution of a spray nozzle. Courtesy of Lechler GmbH, Germany.

Figure 12a: Iso-vorticity plot of the flow 
structures in a model ESP, measured 
by PIV. Courtesy of T. Ullum, Technical 
University of Denmark.

Figure 12b: Observed dust pattern in the 
model ESP. Courtesy of P.S. Larsen et al., 
Technical University of Denmark.
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Partners for Progress

Partnering with Dantec Dynamics offers you state-of-the-art 
measurement systems to meet the challenges of combustion 
diagnostics. Our systems enable you to optimize your product 
design for maximum performance, fuel consumption and 
low pollutant emissions and thus provide efficient and 
environmentally friendly solutions to these challenges.

With more than 60 years experience in measurement        
equipment and consulting in the fields of aerodynamics 
and combustion, Dantec Dynamics has developed a strong          
network of partners and distributors to whom we provide the 
highest level of customer service. 

Dantec Dynamics has several thousand measurement              
systems in operation at leading universities and industrial 
companies around the world. The continuous feedback we 
receive allows us to continually innovate and improve product 
performance.





About Dantec Dynamics

Worldwide representation

Dantec Dynamics is the leading provider of laser optical measurement systems and sensors.
Since 1947 we have provided solutions for customers to opttimize their component testing and products.
Our large number of customers benefit from our quality solutions within:

From our six offices and more than 30 representatives worldwide we
approach our customers individually. We examine the specific needs
and find the best solution for you. For us you are a long-term partner
in improving efficiency, safety and quality of life.
A list of representatives is available at our website.
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