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Study on Constricted and Expanded Serpentine Modification and Flow
Heat Transfer Characteristics of Inner Channel of Turbine Blades

ZHANG Honglei, LI Guangchao, LI Zhanhong
(School of Aero-engine, Shenyang Aerospace University, Shenyang, China, Post Code; 110136)

Abstract; In order to study the flow heat transfer characteristics of constricted and expanded serpentine
channel of turbine blade, the flow resistance and heat transfer performance of constricted and expanded
serpentine channel and that with deflector (i.e. deflector channel) under the inlet Reynolds number Re
of 20 x 10’ =50 x 10’ and the contraction and expansion ratio S/K of 2:5, 3:5, 4:5 and 5: 5 were ana-
lyzed by using the method of transient liquid crystal temperature measurement technique and numerical
simulation, the optimal solution combination between the contraction and expansion ratio and the deflector
was obtained, and the functional relationship between the secondary flow intensity and the comprehensive
thermal performance was obtained by fitting according to the existing data. The results show that the heat
transfer capacity of the constricted and expanded serpentine channel and the channel with deflector in-
creases with the decrease of the contraction and expansion ratio. In terms of flow resistance, the resist-
ance coefficient of the constricted and expanded serpentine channel is generally higher than that of the de-
flector channel. Too high or too low contraction and expansion ratio will reduce the comprehensive ther-
mal performance of channel. When the contraction and expansion ratio is 2: 5, the comprehensive thermal

performance of the deflector channel is the strongest.
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Fig. 1 Schematic diagram of structure parameters of

constricted and expanded serpentine channel of blades
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Tab. 1 Definition of channel geometric parameters

at different contraction and expansion ratios

S/K L/D L/D, H,/D, H,/D a/(°)
2:5 41:2 41:5 13:5 13:2 85.2
3:5 41:3 41:5 13:5 13:3 86.8
4:5 41:4 41:5 13:5 13:4 88.4
5:5 41:5 41:5 13:5 13:5 90.0
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Fig. 2 Schematic diagram of experimental equipment
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Fig. 3 Field diagram of experimental equipment
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Fig. 4 Deflector arrangement mode
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Tab.2 Geometric parameters of deflector
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Fig.5 Computational domain grid of channel
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Tab. 3 Grid independence verification

300 J7 211.85
500 J3 213.54
700 J7 213.87
900 J3 213.72
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Fig. 6 Contrast cloud charts of Nu/Nu, between calculated

results and experimental results
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Fig. 8 Contrast cloud charts of enhanced heat transfer
factors of each channel between simulated results
and experimental results at different contraction

and expansion ratios at Re =30 x 10’
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Fig. 10 Variation of enhanced heat transfer factor

of each channel with Reynolds number at

different contraction and expansion ratios
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Fig. 11 Velocity streamline diagrams of each channel

at contraction and expansion ratios
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