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ABSTRACT

The numerical methods including the performance analysis and the noise prediction of the

centrifugal compressor impeller are coupled with the optimization design skill,

response surface method, statistical approach,

which consists of
and genetic algorithm. The flow-field inside of a

centrifugal compressor is obtained numerically by solving Navier-Stokes equations, and then the
propagating noise is estimated from the distributed surface pressure by using Ffowcs Williams-
Hawkirigs formulation. The quadratic response surface model with D-optimal 3-level factorial
experimental design points is constructed to optimize the impeller geometry for the advanced

centrifugal compressor. The statistical analysis shows that the quadratic model exhibits a reasonable

fitting quality resulting in the impeller blade design with high performance and low far-field noise

level. The influences of selected design variables, objective functions, and constraints on the impeller

performance and the impeller noise are also examined as a result of the optimization process.
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Fig. 1 Pressure fluctuation of impeller inlet and
outlet
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4=4.7693 - R(mm) and 5=220.579(mm) (9)
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At impeller inlet : inflow boundary condition
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Ty k=lys P (To
T, 2 P I,

Cpp =Cpyy = My =Cy, /| JkRTy, (10)

P geo

At impeller tip

Uz - 2717'2N
60

Coom =06U3 +Cppy tan By,

For a radial impeller, 26 =0

Wiesner's slip factor correlation,

w’COS ﬁ2b
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k/(k-1)
Poam _| 14 Nroror Mg
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Impeller efficiency, 1=

K /(k-1)
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0.92

Tom 2 Pam | Tom
'hRT2m
om =
" pam(27ryby )

Com = \jC312m +C32m s My =Cop | JERT (1D

At diffuser exit ¢ outflow boundary condition
P5 = Pom +Cp,2m——5 (p02m - pZm)

Cp,zm_s = 0.35 at R/R2 = 1.3 (12)
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Fig. 2 Impeller meridional configuration variation
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Fig.3 Noise computation of impeller inlet and
outlet
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o] AANEES AR
Table 1 Fitting quality in low-noise impeller
design

R? R

prid 1.000 1.000

74 1.000 0.999

SPLi 0.905 0.317

SPLyut" 0997 0.994

® Total-to-total pressure ratio at R/ Rz=1.075
® Total-to-total efficiency at R/R»=1.075
“SPL value from impeller inlet, dB

4SPL value from impeller outlet, dB
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100 —1 ] £ -
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xl K x3 x4 XS X6 so b
Design variable E
O Total-to-total pressure ratio E3Total-to-total efficiency g_ .
405 "‘slol"'1(;o"4L
(a) Impeller performance Z, mm
(a) Case 1
)
60
Hub : basefine
0 200 — — — - Shroud : baseline ;
E —-—o—-~ Hub : design
t-statistic 40 ' —~-——-— Shroud: design 7
value 39 |- ; %
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g 7
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x1 x2 x3 x4 x5 X6 E 120F
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Design variable F
LI SPL. from impeller intetr EYSPL from impeller outlet 5
. 80 k-
(b) Impeller noise g
Fig.4 Comparison of t-statistic value in low- 3
noise impeller design 405 B
Z, mm
Table 2 Objective function and constraint for (b) Case 2
optimization process
Objective function Constraint Hub : baseline
200 —~ — — — - Shroud : baseline !9
. o —-—o—-— Hub : design
Case 1 74 maximum Pru= (ﬁrﬂ)baseline )I_ —-—6—-— Shroud : design f"
Case 2 | SPLi» minimum D= (PYe) basciine g &
160 - &
Case 3 SPL o minimum 7= (Prin) saseline 5 o
:U»@G%—S(FO?FD&OQ@GQ
E
E 120
. . o i
Table 3 Comparison of impeller performance 3
and noise -
80 |-
pru Dy SPLin SPL o I
Baseline | 2.0940 | 09137 81.1406 109.5489 S -
o -
Case 1 2.1025 | 0.9377 72.7031 110.4567 0 50 100
Z, mm
'Case 2 2.0971 | 0.9286 71.3055 109.7714
(c) Case 3

Case 3 | 20043 | 09271 | 89.5307 | 109.1150

Fig. 5 Comparison of impeller geometry
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