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Study on Effect of Conjugate Heat Transfer of Film Cooling
on CMAS Particle Deposition

CHEN Xiao-hu' ,LIU Xun® , WANG Yu-zhang' , WENG Shi-lie'
(1. School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai, China, Post Code ;200240 ;
2. Harbin Marine Boiler & Turbine Research Institute, Harbin, China,Post Code: 150078 )

Abstract: Gas turbine cannot operate in completely pure environment. Particulate matter in air and im-
pure fuel will form Ca0-MgO-Al,0,-Si0, ( CMAS) particles in the combustion chamber during service.
CMAS deposition on the surface of turbine blade will deteriorate the cooling performance of the film cool-
ing and shorten the service life of gas turbine. Based on the functional relationship between particle veloci-
ty , temperature , viscosity and components and the mechanism of collision, rebound , adhesion and removal
with the wall,the mathematical models for the CMAS deposition were established. The effect of conjugate
heat transfer performance of film cooling on the CMAS deposition efficiency and performance under differ-
ent blowing ratio 0 <M <2 ,and particle sizes were studied. The results show that the average film cooling

efficiency under conjugate heat transfer increases nonlinearly with the increase of blowing ratio at 0 S M <
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2 ,and obvious counter-rotating vortexes ( CRVP) and coolant jet separation appear downstream of film

holes when . The film holes may be the starting point of particles deposition on the vane. The film holes

are seriously blocked at low blowing ratio, and typical fan-shaped periodic deposition “furrows” are

formed between film holes and downstream film coverage gaps under high blowing ratios. The deposition

efficiency decreased with the increase of blowing ratio. The maximum deposition efficiency of particles

with a size of 4 wm on the wall is 28. 5% ,and the deposition efficiency decreases significantly with the

increase of particle size.

Key words: turbine vane, CMAS deposition, conjugate heat transfer, deposition characteristics
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Fig. 3 Deposition efficiency predicted by deposition

model and experimental data
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different blowing ratios
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Fig. 13 Particle deposition efficiency on coupon surface

with different blowing ratios and particle diameters
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