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ABSTRACT

This paper presents a design optimization for blade angle [3 and hub profile of a centrifugal compressor impeller and blade
angle 3 of a diffuser with radial basis function base surrogate model. Control points of the 3rd order Bezier curve are used
for design parameters and total-to-toal isentropic efficiency is used as object function. The radial basis function base surrogate
model shows good agreement with the 3D computational results. An optimized design is proposed and compared with reference
design at design point and off-design point. Contours of relative Mach number, static entropy, and pressure fields are analyzed

for improvement of performance by optimization. Off-design performance analysis is conducted by total pressure and efficiency.

1. M 2 AutAl Q] YAlIer=r = A E (impeller), T3 (diffuser)
U BRE(volute) 2 FAE, oF oHe 9 OFEAL 94
HEY 5719 o TRl didS7Ie S7 45710 4F7] a8l ool mig- Fag FRow 0P271 A 0]
ula) BT} T QFEuE B, 2 SRl W & Alo] Bl Hior), olmal 9 T 331 A AA A
¥ 9l(turndown ratio)& SHET = = Ao vk B w2 HAAWMSE AAdof sk, o|2gt AAM —‘é—% A=
g, A or parh i 230w AR 4 Qe uARA AR YALEY] 9] gl JaFS u]WTk? o]
e v o R Af 9 7R, AlRAR] 53T B 23 o] 82 AR HHEE o] 83t AAAL v &E
T Rt g A ET gk ol et g o] S5l Bastuz A 44 4
AR 2 MuIAo A AREE B2 TS 24 1 2&74R] WS AlAF H]8-(computational cost)©] ARE
Z70] AA WekA| oh= 2xlolA BAIZE AFHe: olol o whebd ZHZ 3} 71¥S o] 83 BEF 9l AANA WHol
et AR 9 AH|AS] 4] A F oF 20%F AXSHH A Zasio)
7t oF 4z g1o] 7|2t WA "o wabA oux|der 9 HHAE7] -3} F 7P B2 AR AR ehe
H8 s 7] A2 A A 5

o}

| AdS A AE 7] dARET1Y mee SV &
0] &)
AN

e
_1>~
u)
2
o
X
H
i)
=2
u)
et
o A
2
e
m_u

2e ol got fhilnd

* =27 A (Korea Institute of Machinery and Materials)
@57 Al(Daejoo Machinery)

ko oN|tfeta 7] A58 (Yonsei University Mechanical Engineering)
T WAIA A}, E-mail : hcj@kimm, re kr

The KSFM Journal of Fluid Machinery: Vol. 28, No. 2, April 2025, pp.39~47(Received 05 Nov. 2024; revised 23 Dec. 2024; accepted for publication 13 Jan. 2025)
SRRV HER] =28 M28H, M2E, pp.39~47, 2025(=28 =X} 2024.11.05, =24-HURE 2024.12.23, MAIRAZ UL 2025.01.13) 39



¢

lol

[TF - BENIEL - USHE - ™S - M-
AAP} ol ol gt dEHe o
ArdZ = WAL A $="HRBFN: radial basis function
network), BF-H7|"H(RSM: response surface method), =
27 (kriging) 5o At

5 A A7) a8 YIS

(surrogate model) |2

Bonaiuti

o4 214l e
AAZ17] el dEy FAdoll thsh & HAE AFA S
& Agste] skt B tiARdS g8sto]
Seo 572 F7] YAt gHelol Atew W Ego|=
7be 05 tto g HAEE st Ma 502 A4
7] 99y EYolt 4= 3o XteH F4E AR

]_
sfo] WA 4GS 7]

[
Kim 52 me@ OP Rl ALl 1495

< A}%ﬂ@l Whang %@)% %é“”
“1

/ﬂol—

B Aol 4] Aol ASER gl 2] 9
=

2715 st el A3} He wastel Jue
o} UFAE Sl sttt webd 71E 457] Aol
AT BEREE O Ageths AljtRds T 2 A

X
AS IIC, ol et e A Rod B ol 8

ZHZ O

U
il

1

H o] A= Numecail?] FINE/Design 3D &
olgsto] Z8kS AWSHIh FINE/Design 3D 2
EE7|A AAZZ 73 Concept NRECA}S] AXCentQJ'
AE35to] AHAA A H(DoE: design of experiment) I T
Zd(surrogate model)S 7|Fre R HAHJLE =Yt
Fig. 122 & oA ARG thA] md7|9t 2] 23KSBO:
surrogate-based optimization) 7|8F YAU=7] FAF A
3} Aol 7] olE (baseline data)= 2|23} T4
7| dlolEoln 23} HAE ol ==F 243} HolH
ofe] MmEOR BEE, FoR BHe, AAHS
ARASE AT}, HAP(objective function) = 2o}
3t &2 Faslelaa}t she o] He s SRRt
AlgHA(constraint)= 2|23} Ao 4] F=0i2l Aok &
oJujstr £74 gk el tofl lofok gteh. AA~(design

variables)= &3} EAOA AL 37 Yol 24T

O

40

- 3

Jz
2
2
MO
=)
ofn
ro

4 9l Wgoltt o] WMgEe M3 QuelBo] s
WSER, BAGe) ol BRS Fn) HAge ARu
B ARGES Vo ARASES Sastc AR
e BAH HE BEsto] dloleulo] A MAR T &
ok i Eoln] Hagte] dold A4S Fal Hrhel A
2 Qb o] Bxolth, UHANL B3l £E3F HolEE
Lo fEHNS Fo AR A e
Ak ul o] gl B AL thAIste] AT 4+ Gl
o) mellolch ShRImES QJeigt 22z Aolo] BAS
Aok A0 R AuE wad £E3) olsfa Al

gL 7hto 2 A3} ¢ka1e|Z(optimization algorithm)&
AFE-8Fo] &1 d|o]E|(candidate data)S =5l -S-=3
28 &3t A5 HZ(performance check)S E3l 7]&4|0]
B9k g B|mekT, e A UE At 7|2 doleet o
ool AL Zol 27 grie ShAATE Aol 7}
N7 AR gae] HeEg e,

2.2 7|Zd|olE

J1o] SISt €8 E0 R A 24 sl
BULE7E QAN AR BAE B BEI2
A% fAl o7 F B7lolm AR EHE 15

o
42 150 psi(g)oleh. td AdUd=71= dg=, Hdd

Baseline data

Objective function
constraints
design variables

J

DOE
(Design of experiment)

J

‘ Numerical analysis ‘

Surrogate model

Updating
—]

Optimization algorithm

‘ Candidate data ‘

Performance
check

Optimized data

Fig. 1 Flow chart of surrogate model optimization

S=ERHDIHEE =28 28R, Hi2S, 2025



2

ChA2& 7|8k MUE 7| HeUR7] SEEE XS0 2et +X1& a7

T (,\ /

Fig. 2 Optically scanned centrifugal compressor impeller

\

(left) and vaned diffuser(right)

AX
— B
Diffuser
Impeller
D | Dy D,| D,| D,| D,
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Table 1 Specification of fixed parameters

NB Number of blades

NV | Number of diffuser vanes

Dis Impeller inlet shroud diameter

Dy || Impeller inlet hub diameter

D, | Impeller outlet diameter

D; Diffuser inlet diameter

D, Diffuser outlet diameter

Ds Volute inlet diameter

B Impeller inlet blade angle
B Outlet blade height
Ax | Impeller axial length

TC | Tip clearance
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Fig. 4 Control points of the impeller hub meridional contours
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Table 2 Specification of design parameters
A
Beziercurve points It;z:\f; Ref. :fuplf; Unit
PO - -
Pl
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¢ @ | stroud Q) (+7) | [deg]
: P8
[
@ P9 - -
Impeller
PO - -
Hub Pl
Contour | Hub (D = | (+7) | [mm]
Z B P4
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PO
o -7 (+7)
Beta Hub = - +
Diff
iffuser B Shroud [deg]
P3
% P4 | (-3.5) (+3.5)
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Fig. 5 Control points of the £ distributions and its

range of variation for the (a) impeller and (b) diffuser
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