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EXPERIMENTAL INVESTIGATION ON COPOSITE AIR-COOLED

BLADES OF HIGHLY-LOADED TRANSONIC TURBINE
Liu Cunlu, Luo Mingjun, Deng Huayu, Liu Yufang
( Gas Turbine Establishment)

ABSTRACT Four sets of composite aircooled blades of highlytoaded and high
temperature transonic turbine with various schemes of film-cooling holes have been designed
and made, and have successfully passed 290 hour test run. Experimental results show that the
cooling characteristics of the turbine vanes and blades are superior as their cooling mass flow
ratios are 2-8% and 1-6% respectively. The wall temperature of turbine vanes and blades
were corrected by measuring the heat losses of the test section. The results are converted to
actual engine operation conditions, according to the similarity theory. It is obtained that the
cooling effectiveness of the turbine vanes and blades is 335-420K respectively, and the wall
temperature distributions are uniform. T he effects of the parameters of the air—cooled turbine
blades on the cooling effectiveness are also considered systematically, based on a large quanti-
ty of data obtained from the experiments of four kinds of composite air-cooled transonic tur—
bine vanes and blades.

EXPERIMENTAL INVESTIGATION ON COMPOSITE COOLING

OF A TURBINE BLADE
Zheng Jirui, Ji Honghu, Kong Zukai, Wang Baoguan
(Narnjing Aeronautical Institute)

ABSTRACT In view of the whole process of composite cooling on a turbine
blade, this paper is composed of three parts. First theim pingement—onvection cooling on th
internal surface of a blade leading edge is-investigated, in-result an ‘empirical ex pression of in—
ternal-ocal heat transfer coefficients at-the stagnation point is formulated and regularity of
their variatons along the leading edge regionis found. Secondly, the variations of the film-
cooling effectiveness along the external surface-of theleading edge are investigated according
to various blowing ratios when thefilm jets-ejected from the film holes on the blade. Thirdly,
as the film jets impose'some disturbances-on the main stream, heat transfer is enhanced, as
aresult a set of empirical expressionsTor the externaldocal heat transfer coefficients are for—
mulated.

RESEARCH ON FILM-COOLING OF TURBINE BLADE
Ge Shaoyan, Liu Dengyun, Xu Jingzhong, Yao Yongging, Deng Suqging, Jia Jianguo
(Institute of Engineering Thermop hysics )

ABSTRACT The effects of discrete film—cooling holes, wall curvature and the
pressure gradient on the turbine blade film cooling are systematically studied by means of
heat-mass analogy, numerical methods and flow visualization techniques. The flow and heat
transfer performances of the cooling film over the flat plate, curved wall and blade surfaces
are investigated.lt is proven that the characteristics of discrete-hole film cooling are quite dif-
ferent from those of continuous-slot film cooling in the vicinity of the injection holes because
the coolant jets from holes tend to separate from the cooled surfaces.

An optimal blowing ratio is expected for ideal distribution of film cooling effectiveness.
Wall curvature exerted an additional force on the cooling film. When momentum blowing ra—
tio I (= AU/ PU%) > 1, this force tends to seperate the film from the convex surface and
to keep it close up to the concave surface, but when I< 1, it acts contrary. For a given film
cooling scheme, the effectiveness of turbine blade deponds on the blowing ratio, wall curva-
ture and the pressure gradient. Some of the correlation formulas, exprimental data and com-
putational results are presented to evaluate the film cooling effectivenesses and heat transfer
coefficients at the leading edge, mid—hord and tailing edge of the turbine blade.



