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Application of cold and hot state conversion of turbine blade

profile in liquid rocket engine

REN Zhong, XU Kaifu, HAN Fei
(Xi’ an Aerospace Propulsion Institute,Xi’ an 710100, China)

Abstract : As a key part of closed cycle liquid rocket engine , the turbine blade is inevitably deformed
under the effect of flow field and thermal field , which leads to low efficiency and bad performance. In the
traditional design of the turbine,the influent of blade deformation was not under consideration. A deforma-
tion compensation method ( cold and hot state conversion) is proposed in this paper. The effect of turbine
blade deformation on its aerodynamic performance was studied by means of fluid-themo-structure coupling
method. It is found that the efficiency, mass flow and axial force of the deformed turbine blade have
changed significantly. Therefore, an iterative method is used to conduct deformation compensation for the
blade, that is,convert the cold blade profile from a hot blade profile in the aerodynamic design. The re-
sults reveal that the aerodynamic performance can be controled precisely by using this mechod which can
be carried out for engineering application.
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Fig.1 Aerodynamic design flowchart of turbine
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Fig.2 3-D structure model of blade
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Fig.3 Finite element nodes of blade
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Fig. 4 Cold and hot state conversion

flowchart of turbine blade
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Fig. 5 Calculation model and border of finite element
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Fig. 6 Calculation model and border of flow field
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Fig.7 Deformation distribution of turbine blade
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Tab.1 Comparison of turbine performances before and

after blade deformation
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Tab.2 Position errors of blade in each iteration

mm
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Fig. 8 Comparison of cold and hot state blade profiles
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