Laboratory of Non-Equilibrium processes 
of the Joint Institute for high temperatures Russian Acadeny of Sciences, is engaged in studying the kinetics of physical-chemical processes in high-temperature gases, combustion and detonation processes, and condensed particle formation. 
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Directions of investigations:
1.1. Kinetics of clusters and nanoparticles growth in pyrolysis and photolysis of gaseous species.
- heat release and consumption due to  hydrocarbon pyrolysis and particle condensation; 
- electrical charging of carbon particles during their growth; 
- photosynthesis of nanoparticles; 
- kinetics of carbon and iron clusters and nanoparticles growth;
- thermophysical properties of growing particles;
- development of time-resolved laser-induced incandescence for condensed particle-size and volume fraction measurements;

1.2. Non-equilibrium initiation of ignition and detonation behind shock waves.
- non-equilibrium processes in shock waves and gas-condensed media;
- detonation wave of condensation;
- ignition and detonation of perspective fuels behind shock waves;
- kinetics of promotion and inhibition of ignition and detonation.



Experimental setup 
High vacuum shock tube for investigation of elementary reactions at elevated temperatures.


Shock tube for investigations of particle formation, ignition and detonation processes. 


Flow reactor for photoinitiation of gaseous mixtures with quartz windows.


Experimental setup pressure range 0.001 bar - 1 bar (flow reactor) – 1 bar - 50 bar (shock tube)
Temperature range 300 K (flow reactor) – 600-5000 K (shock tube)
The range species concentration in the mixture  1 ppm – 10%.
Purity of gases – depends on experimental requirements (supply from Linde Gas Rus Ltd)

Diagnostics
· laser light extinction for volume fraction of condensed phase observation;
· laser-induced incandescence for nanoparticle sizing; 
· emission-absorbtion temperature measurements;
· atomic and molecular absorption spectroscopy.
Equipment
· Nd:Yag pulsed laser (1064, 532, 266 nm; 0.5 J/pulse)
· Excimer laser (248 nm, 150 mJ/pulse)
· CW lasers, lamps, optics
· Photo diodes, photomultiplyers, laser energy monitors
· Pressure transducers  up to 50 bar (Pfeiffer vacuum)


Some results
-  The method of nanoparticle photosynthesis from the gas phase at room temperature was developed;
- The method of laser-induced incandescence was developed for growing carbon and iron nanoparticle sizing   ;
-  The influence of type and pressure of gas-diluter on carbon and iron nanoparticle growth process from supersuturated atomic vapor condensation was found and investigated;
-  The thermal energy accommodation coefficients of gas molecules (He, Ar, CO) on carbon and iron nanoparticle surface were determined;
-  The optical properties of carbon and iron nanoparticles were defined in dependence on their size;
- The ignition delays of products of water vapor of methane conversion were investigated theoretically and in experiment;
- The mechanisms of nonequilibrium processes in the mixtures contained reactive molecules were studied within shock wave front;
- The process of formation of detonation wave in supersaturated carbon vapor was found and investigated; 
-  The heat effects during pyrolysis and particle growth were investigated for the mixtures of СCl4, C2Cl4, C3O2, C2H2, C6H6  with argon behind shock waves.
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