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Abstract

In this paper, by changing the arrangement of the two pits of the blade, the large eddy simulation
(LES) method was used to investigate the influence of relative length and arrangement on the
aerodynamic characteristics of blades. The effects of relative length and pit arrangement on blade
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noise characteristics were studied by LMS Virtual.lab direct boundary element method, and the
mechanism of multi-row pit design on flow control and noise suppression of blade boundary layer
were revealed. The research results show that: the arrangement has little effect on oval pits blades,
the pressure pulsation at the trailing edge of the blade decreases obviously when the circular pit is
arranged in a rectangular pattern. Multiple rows of pits cause high frequency narrow-band noise
to increase, and the total sound pressure level of the circular pit model decreased by about 3 dB.
The noise reduction effect is better when diamond layout is adopted. At this time, the additional
induced periodic vortex shedding noise is smaller. Through further research and analysis, it is
concluded that the noise reduction mechanism of multi-row pits is that: the design of the pit on the
suction surface can control the turbulent flow of the blade; the backward eddy currents formed at
the pit surface interfere with the spanwise relations of the coherent structures in the boundary
layer; to some extent the formation of large scale shedding vortex at trailing edge can be re-
strained, and wall separation flow structure is weakened, that can effectively reduce the low and
medium-frequency noise associated with large scale vortices.
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Figure 1. Two-dimensional diagram of non-smooth surface of suction surface of blade
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Table 1. Main parameters and values of the model
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Figure 2. Schematic diagram of numerical calculation domain
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Table 2. Grid independence verification
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1 520 0.02 34.8264 —2.7%
2 490 0.01 34.7871 -0.11%
3 520 0.01 34.7943 0.02%
4 550 0.01 34.8008 0.02%
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Figure 3. Influence of relative length on aerodynamic characteristics of E series models
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Figure 4. Q criterion vortex-nucleus isosurface of a smooth blade (a = 0°)
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Figure 5. The E series non-smooth blade Q criterion vortex core isosurface (o = 0°)
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Figure 6. Schematic diagram of monitoring point location distribution
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Figure 7. Pressure pulsation distribution at trailing edge point g of the blade (L/C = 7.5%, a = 0°)
B 7. LIC=75%M FE% = g ENRKEN DT (a=0)

8 HLAEH, o= 12°K SHIRBRAC T i v B Ik fm KRR, S KIEAEZ M\ 33 Hz B0 h
150 Hz, HAHRHATAHN RN, D RIVEREICIEEL 71%, E RIS FEKL) 59%. LGPk KR
B (1) HeAm 77 2O OF R MRS AN K s (2) FETEHE 0 B M08 ) ks it — 2 AR Bk,
0° Sz 12730 T ARG I Bk g kB34 — e R, 0 i 5P B % M BT e v 35 4 ) T R 8% 7 ik
) PR A N 7 BIA L b o V€ LS S e 111 o DAL b i 1 i NS I N ) L R R e 5
B 4

3.4. HXKE. HIIGFAIH FZFREER

SRR E, HEAR 7 300 2 HEMIBT & TF A e s ) B S, R, ARSI N AR
& LIC = 7 .5%H A~ [ A 75 e s AP 3R 47 5% B 43T

DOI: 10.12677/m0s.2020.94049 504 e RSE TR


https://doi.org/10.12677/mos.2020.94049

EEM &

—— J5A
—— D-rec3
—— E-rec3
© ©
a o
i i
L3 LS
R R
H H
R R
= s
P IHz P IHz
() HIBHAT (b) ZETHAT
Figure 8. Pressure pulsation distribution at trailing edge point g of the blade (L/C = 7.5%, a = 12°)
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Figure 12. Spectrum diagram of sound pressure level at the model blade receiving point Recei-7 (a = 0°)
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