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ABSTRACT

The high-cycle fatigue cracking and the resonance generated in operation of a centrifugal compressor
are main cause of the impeller damage. In order to prevent the damage, the impeller is designed or
modified to have sufficient strength to withstand the operating condition. The damage prevent design
will lead to a change of the flow condition and the performance characteristics of the compressor. In
this study, the computational analysis were performed to identify the flow and the performance
characteristics. The cases are a scalloped and a increased the blade thickness models with a closed type
impeller. As the analysis results, the value of head coefficient and total to total efficiency for the
increased the blade thickness model was decreased by each 0.5% and 0.1% than the values of the
baseline model. Each value for the scalloped model was increased by 0.4% and was decreased by 1.6%.

YAGF7] A Fol B = 1F7] 2 a oy FX T2 ddy I FH Yldoltt o]
gk =g FI5y] Y8 TAAIY HAAE AE F e TES A= dAHE AASAY, F
o] WAetR] E=8 JdFuE FY gtk ol#g A= dd UERFT 2 A554 ¥HIE
ob7|5HAl "k B AFdAe ZHy dd ol did] ez FAE T Bdy ~AFE H8
gt 2dlo] tis 5 2 AE54E Fostr] i dAsiAS FAstATh s da, o=
A 7 2d A= 7Erd gin dBAF7E 05% HAEReH, AEa8e 01% FAadET &
AY Hegrde JAAFI) 04% S8R, AEES 1.6% ZFAsHch

Key Words: Centrifugal Compressor(€4 %= 71), Close Type Impeller(2# & 8 2), Scallop(Z~AH),

Flow Characteristics(&57J), Performance Characteristics(’d & 5J)

Received 19 May 2016 / Revised 20 December 2016 / Accepted 26 December 2016

Copyright © The Korean Society of Propulsion Engineers Nomendlature

pISSN 1226-6027 / elSSN 2288-4548

[o] =& 37383 20159% FAE q]ﬂ(ZOlS 5. 2829,

A et aRese) BREES AARe £ Beket A9 A, : area of impeller outlet, 11-(0.5~D2)2

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org
[licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.6108/KSPE.2017.21.1.026&domain=journal.kspe.org&uri_scheme=http:&cm_version=v1.5

213 M1Z 2017. 2. RHHYF7| oy LYY Yo UE 455 ois 9/ RS 27

aj,  : speed of sound at stage inlet

Cps : static pressure coefficient

Ce» : tangential speed at impeller outlet.
D, : impeller outlet diameter

DP  : design point
Mu : none-dimensional rotational speed, U/ain

AHjeen : isentropic work

8} : rotating speed
Qin  : volume flow rate at stage inlet
nrr : total to total isentropic efficiency

0 : slip factor, Cenactual/ Cozideal
0y : flow coefficient, Qin/(A2-U)
) : head coefficient, AHjsen/ (0.5-U2)
IT : work coefficient, 0.5 y/nrr
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Table 1. Centrifugal compressor operating conditions.

Workin Machined Flow Head
Fluid & Reynolds | Coefficient | Coefficient
Number () (w)
CH4 6.5x10° 0.07 0.72
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Fig. 3 Pressure distributions and mode shapes of a

close type impellerf4] (left:  pressure
distribution, center and right: mode shapes).
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Fig. 6 Shapes of close type impeller (Present work).

Table 2. Parameters of impeller shapes (Present work).

Type Original Thick Scallop
Increased
0% +50% 0%
Thickness
Scallop x x )

# Impeller leading and trailing edge thickness don’t change.
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Fig. 7 Close type centrifugal compressor.
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Fig. 8 Comparison experimental and numerical results.
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Fig. 10 Static pressure coefficient (CPS) with impeller
shapes at impeller outlet (“Cregion).
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Fig. 12 Normalized isentropic efficiency (n/noriga) With
impeller shapes at impeller outlet (“C” region).
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