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Abstract: Various centrifugal compressors are currently used extensively in industrial fields, where the design
requirements are more complicated. This makes it more difficult to determine the optimal design point of a
centrifugal compressor. Traditionally, the efficiency is an important factor for optimization. In this study, the
weight of the compressor was also considered. The aim of this study was to present the design tendency
considering the stage efficiency and weight. In addition, this study suggested possibility of a selection of
compressor design objectives at an early design stage based on the optimization results. Only a vaneless
diffuser was considered in this case. The Kriging method was used with sample points from 1D design
program data. The optimal points were determined in a substitute design space.
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Table 1 Constraints for the optimization

Impeller Inlet
= Tae: Tan TPTR I /1 0.3 < 1/r, < 0.8
by / 1) 0.005 < by/r, < 0.5
gi;ff‘fw for N [rpm] N < 60000
Llgy .
A | Himp b b> > 0.005
Impeller Ouflet
==, b,
— T Table 2 Design space and parameter samples
TEIS + Two Zone model Mr 0.6, 0.75, 0.9

oy [degree] 60, 70, 80
« By [degree] 30, 50, 60
D,/ D, 1.1, 1.9, 2.7

Vaneless Diffuser
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Volute 23 =HAA

=D Ax7e] woze Adue AU
0. 2A4e FoaRe Asen, wiol
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i Folo SAGe olgstel Asks 94
S4%e d3st BA e, Ange g
sl Thg A ()3 el BAY & Atk

n
Z = Z)\iz‘ with E)\i =1 (O
Fig. 1 Flowchart i=1 i=1
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Fig. 2 Grid test (a)total/static pressure (b)total/static
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Table 3 Reference compressor specifications
Design RPM 12,516
Design mass flow rate
[ke/s] 12.8
Number of Impeller 16 (16 main, 0
blades splitter)
Impeller exit diameter 559
[mm]
bimp. / Timp. 0.192
. Parallel wall,
Diffuser type vaneless
Taitt, / Timp. 1.52
Inlet blade angle @ 55
shroud [degree]
Exit blade angle [degree] 35
Volute type Symmetric
Volute exit diameter 550
[mm]
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Table 4 CFD conditions

Grid / Solver CFX Turbogrid 13 /

CFX 13
yt < 200
Grid size (No. of
Nodes) 220k
Turbulence model k-¢ model

Simulation type Steady state

Total pressure

Inlet B.C. Total temperature
Flow vector
Outlet B.C. Mass flow rate
Interface Frozen rotor
1.0
0.9
—
0.8
<

07| \

—o— Model Test Exp.
—o— Full passage CFD
| —o— Single passage CFD
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¢/,
Fig. 3 CFD and experimental results
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Fig. 4 Impeller and stage efficiency from 1D
performance program and CFD analysis
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Fig. 5 Stage efficiency and impeller exit radius for
the design variables; (a)the impeller inlet
relative Mach number, (b)the impeller exit
flow angle, (c)the impeller exit blade angle,
and (d)the diffuser radius ratio
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Fig. 6 Optimization results for the stage efficiency
and the volume along the weight
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Fig. 7 Tendency of the optimization parameters along
the weight(al); (a)the impeller inlet relative
Mach number, (b)the impeller exit flow angle,
(c)the impeller exit blade angle, and (d)the
diffuser radius ratio

0.90

- o
0.88 "

0.86 - 6/353741;\ A\A

0.84 -
(o]

0.82 /
0.80 -

~ o

0.78 -

0.76 -

074 —0—M=06

07 —0—M=0.75

er —A—M=09

0.70 1 ) 1 ) 1 ) 1 ) 1 A
55 60 65 70 75 80

)

Fig. 8 Efficiency at the relative Mach numbers of
0.6, 0.75, and 0.9

97t e 4499 J9s guol das
I CIOEER-RE
WAL A R P A gl

T 7] o
ot} (Fig. 8) 9&& &9 Ifde =aA A
AT oo FoMA= AFS AT F 9
ATH. ol gAY EFFoM d& Agre #HE
FAZF OFAZ AL EA 3]l o&] e
dole] HFo 2 wnnyAE dido] YERA b
=d, A4S 3A Ao g o] dds =Y

& q7] welt.
Mele 2 HFAS] wPHE Eel

A7t wlg e A9E Asls

Apole] AstE vrESIE. ol

o A Al 9y ET B



o] BERER dAdro] ERFEA 4o
ShAl HAYShr] wiiEolth, whEbA Hdgk t]3FA <
W H| = 1 8~1.9A}0] 2 AA3I= o] Eu),

o

2 AFAME dAEFH7] HHEAL B
o gy e AFE Syt

a. 1ZAHEAQ WS ol &3l YMSHET] A
Al ZROME e o5 Ay Ay A
IE T3l A

b. &% FAE 183 dAAF7] A
AoiAl A ¢ Addvtety, dAY
N2} 52, oFAe wgu] Wslel w2 3
HAAZ R8skt

TS, B oA E JANEHIY aE F
Ag 1E3 AAE &M e e 2EL
A AL}

(1) &&0] %2 AAE s I 34
Fr7b BEshA @deF fAste] 48 £9
t}.

) 4AY E+ MY FEHZFS 6000 7HHA
A A gkt

(3) 4=y EFT9 FE2 450 ol S
Aelsty, dAy dA wEt a8 = 3
g2 o] dEhzic),

@) UFALE 83 1 F2E Addgsy g2
? 79 EdUe 52 AU

= 7

2 ATE AAEHIAE) Y A9 ol AeT)

&al s YA 7| A AE ol A =3k AU,

HIEH
(References)

(1) Colwill, W. H., 1980, “Impeller Performance
Prediction Using Three-dimensional Flow Analysis,”
Proc. of the 25th Annual International Gas Turbine
Conference and 22nd Annual Fluids Engineering
Conference, pp.125~133.

(2) Aungier, R. H., 1995, “Mean Streamline Aerodynamic
Performance Analysis of Centrifugal Compressors,”
Journal of Turbomachinery, Vol. 117, No. 3, pp.
360~366.

=71 HHdA N B3 A 299

(3) Whitfield, A. and Wallace, F. J., 1975, “Performance
Prediction for Automotive Turbocharger Compressors,”
Proc. of the Institution of Mechanical Engineers,
Vol. 189, No. 1, pp. 557~565.

(4) Oh, H. W, Yoon, E. S. and Chung, M. K., 1997,
“Performance Prediction and Loss Analysis of

Centifugal Compressors,” Trans. Korean Soc. Mech.
Eng. B, Vol. 21, No. 6, pp. 804~812.

(5) Came, P. M. and Robinson, C. J., 1998, “Centrifugal
Compressor Design,” Proc. of the Institution of
Mechanical Engineers, Part C, Vol. 213, No. 2, pp.
139~155.

(6) Jang, C. M., Park, J. Y. and Yang, S. H., 2009,
“Design Program for Centrifugal Blower using the
Program of Excel,” Proc. of the KFMA, pp.
471~476.

(7) Johnston, J. P. and Dean, R. C. JR., 1966, “Losses
in Vaneless Diffusers of Centrifugal Compressors and
Pumps; Analysism Experiments, and Design,” Journal
of Engineering for Power, pp. 49~62.

(8) Dubitsky, O. and Japikse, D., 2008, ‘“Vaneless
Diffuser Advanced Model,” Journal of Turbomachinery,
Vol. 130, pp. 11020.1~10.

(9) Japikse, D., 1996, Centrifugal Compressor Design
and Performance, Concepts ETI Inc..

(10) Lee, K. S, Kim, K. Y. and Samad, A., 2007,
“Multi-Objective Optimization of a Fan Blade using
NSGA-1I,” Proc. of the KSME, pp. 1260~1265.

(11) Ha, K. K. and Kang, S. H., 2011, “An Optimization
Method for Centrifugal Compressor Design Using the
Surrogate Management Framework,” Proc. of AJK2011
Joint  Fluids Engineering Conference, Vol. 1, pp.
679~684.

(12) Dixon, S. L. and Hall, C. A, 2010, Flud
Mechanics and Thermodynamics of Turbo machinery
6th E., Elsevier Inc..

(13) Choe, J. G., 2002, Spatial Data Modeling,
Goomi.

(14) Park, G. J., 2010, Analytic Methods for Design
Practice, Dongmyeoung.

(15) Choi, Y. S., 1996, Through-flow Calculation for
Design and Performance Prediction of Centrifugal

Compressor, Seoul National University Dr. Thesis.



