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Abstract: To solve the technological bottlenecks of high—loaded compressors such as controlling secondary
flow in the corner near the endwall and weakening large—scale boundary layer separation on the blade surface, a
3D aerodynamic optimization method was proposed for optimizing the endwall profile of high—-loaded compressors
and developing the corresponding optimization system. Then, the adopted method and system were also validated.
Based on the calculation results, it was concluded that the applied endwall profile optimization method could ef-
fectively suppress the boundary layer separation and reduce the intensity of the secondary flow in the corner on
the suction surface. Hence, the blade channels’ ability of controlling the flow direction and optimizing the flow

condition was expanded. Overall aerodynamic performance of the compressor stage, such as the stall margin and
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the isentropic efficiency, was also improved. After this optimization, the aerodynamic efficiency of the compres-

sor stage has reached 88.59%, raised by 1.05%. Therefore, the method and corresponding system proposed in

this paper can promote the development of the compressor aerodynamic design system well, having a good pros-

pect of engineering application and providing a new idea and solution for compression systems to acquire more

outstanding load—carrying ability and better flow structures.

Key words: Aerodynamic optimization; Endwall profile; High—loaded compressor; Boundary layer sepa-

ration; Endwall secondary flow
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Flow analysis results
and diagnosis

computation

Satisfy objective
performance

Fig. 1 Flow chart of the endwall profile optimization
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Fig. 2 Optimization schematic
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Fig. 3 Geometry, mesh and y+ distribution of the initial case

Table 1 Grid independence confirmation

Performance parameter

Total grid
Case cell number  Efficiency Pressure Mass flow rate
n ratio 7 m/(kgls)
1 1097208 87.50% 2.510 26.312
2 1308828 87.54% 2.508 26.305
3 1407828 87.56% 2.510 26.306
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Fig. 4 Comparison of performance curves and experimental errors for NASA Rotor 37
1.0 10
Oy e =S = N S 0.8 o= ﬁ
e
T i =T
& Exp ¢ Exp v
——— CFD NASA ! : . === CFD _NASA.
02F -  — CFD i, & 02 == CID
0.0 1 1 1 0.0 1 1 1 1
0.60 0.70 0.80 0.90 1.00 1.80 1.90 2.00 2.10 2.20 2.30

n

(a) Adiabatic efficiency distribution

T
(b) Total pressure ratio distribution

Fig.5 Aerodynamic performance comparison of the experimental results and the simulated results
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Fig. 6 Comparison of performance curves and experimental errors for NASA Stage 67
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Fig. 7 Comparison of the aerodynamic performance distributed along with the blade height
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Fig. 9 Schematic diagram of the hub profile on the S2

stream surface

Table 2 Performance comparison before and after

optimization
Parameter Baseline Opt_hub
Fan stage:

Efficiency /% 87.54 88.59
Pressure ratio m 2.508 2.504
Mass flow rate m/(kg/s) 26.31 26.35
Choking flow rate/(kg/s) 26.77 26.67
Stall flow rate/(kg/s) 25.89 25.77

Rotor only (in the stage environment) :
Efficiency n/% 90.30 90.42
Pressure ratio 2.594 2.574

tbas LW, EIV AL RRETT
1.05% ,15 %] 88.59% , Ifif M & e A i & i 28 AL A K,
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Fig. 10 Performance curves of the compressor stage

1.0
w i Opt._hub
,,,,, ==+ Baseline
09 i i
-8
0.8 it
0‘7 IiiIAI;;VI il::;l
20 22 24 26 28 30
ril(kg/s)
(a) Adiabatic efficiency vs. mass flow rate
1.0
et
0.6 ;
S ¢ — Baseline
04 L = = Opt_hub
0.2
0.0 =

n
(a) Distribution of adiabatic efficiency

0.5 0.6 0.7 0.8 0.9 1.0

1.0
\
{
i
0.8 3
1
0.6
s ;
livie. — Baseline
04 - —Opthub
[}
0.2 g
: 1
; 1
OO i ¢ N | i 1 J 1 i
1.0 1.5 2.0 25 3.0
T

(b) Distribution of total pressure ratio

Fig. 11 Comparisons of aerodynamic parameters for the fan stage
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