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Research on Hot-Cold State Conversion Method and Engineering
Application for Axial Flow Compressor Blade Profiling
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Abstract; Under the combined effects of high temperature, high pressure and centrifugal force, the
blade profile of an aero-engine undergoes variations between the operational (hot) state and the manufac-
turing (cold) state. To reduce the impact of hot-cold variations on aerodynamic performance, this paper
established a simulation-based conversion process between the hot and cold states of the blades. Finite el-
ement analysis (FEA) was automated using Ansys parametric design language ( APDL) to facilitate the
transfer of blade data. A custom-developed program was also developed to address issues of scattered dis-
crete data points and insufficient smoothness in the blade profile. A method was developed to fit and solve
2D blade profile parameters and evaluate profile conformity. A specific axial-flow compressor blade was se-
lected for the study, where pre-deformation design was applied considering centrifugal , aerodynamic, and
thermal loads. The aerodynamic blade profile was converted from the hot state to the cold state, resulting in

a manufacturing profile, and the accuracy of conversion design method was evaluated. The results demon-

Wim B #A:2024 -05 -21; 21T HH#A:2024 -08 - 28

BEEUA BRI H R4 (YQ2021E023)

Fund-supported Project : Natural Science Fund for Excellent Young Scholars of Heilongjiang Province ( YQ2021E023)
YEZ B I : 2R (2000 - ), 5 WA IRIE T KA LT 5E A

BEEE P (1987 - ), B WI/RE TAl RF#HZ.



*2- e fig

8 o T

2025 4

strate that the proposed conversion method is highly accurate, with a blade profile efficiency deviation of

less than 0. 1% . This study addresses the gap in parameter acquisition, fitting, and re-parameterization de-

sign of blade profiles after FEA calculation, enhancing blade design efficiency for both hot and cold states.

Key words: compressor blade, pre-deformation, hot-cold state conversion, blade profile deviation, aer-

odynamic performance
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Fig. 1 Aerodynamic design flowchart of
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of compressor blade
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Fig. 3 Parametric smoothing and fitting of

compressor blade
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Fig. 4 Schematic diagram of blade profile
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Fig. 5 Schematic diagrams of check for blade

profile and twist angle deviation
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Fig. 6 Schematic diagram of calculation model of

finite element
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Fig. 7 Blade temperature and pressure load distributions
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between hot and cold states

56— A P e A S48, IR AR
o O TR B AR A AT R A E
BCRHEATHE I I B30 4 , T 47 44 2 14 25 2
(W) SR (R ) 4 LI o F
7R MRS AT M TS A
n A, it S — Y AT IR A 1 A
6 1 3 ) 5605, B 5 L Rk
TN F TS R 6, T I DA — 72
et TSI AT LB

A

(@) 1T (b) WS TE

9 k- RTHEXILREER
Fig. 9 Comparison of hot and cold state blade profiles
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Fig. 11 Calculation model of flow field of compressor blade
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