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Blade Shape Design of Mixed-flow Pump Impellers and Diffusers in a Fixed

Meridional Geometry

Sung Kim®, Young-Seok Choi*', Kyoung-Yong Lee’

ABSTRACT: In this paper, the flow characteristics of the mixed-flow pump impellers and

diffusers were numerically predicted by commercial CFD software and DOE(design of

experiments). We also discussed how to improve the performance of the mixed—flow pump

by designing the impeller and diffuser in the mixed-flow pump. Geometric design variables

were defined by the vane plane development which indicates the blade—angle distributions and

length of the impeller and the diffusers. Firstly, the design optimization of the defined

impeller geometric variables has been done. After that, the flow characteristics were analyzed

in the point of incidence angle at the diffuser leading edge for the optimized impeller. Then

design of the defined diffuser shape variables has been performed. The reason for the

performance improvement was discussed by examining the flow characteristics through the

diffuser.

Key words: Mixed-flow Pump(A}+3 ), Vane plane development(2 7071 %), CFD(AAH-A)
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Fig. 1 Traditional impeller design method

a) meridional view, b) front view, c¢)

vane plane developmentm
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Fig. 2 Traditional diffuser design method

a) meridional view, b) front view, c¢)

vane plane developmentm
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Fig. 3 Impeller design variables in a vane
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calculation
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Fig. 7 Boundary condition for the impeller and
diffuser calculation
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Table 1. Numerical analysis set of RSM for
the impeller design

Bon Bos Total head |Efficiency
casel 32 32 68.3854 97.8062
case2 38 32 72.3932 97.7454
case3 32 38 72.7581 97.6867
cased 38 38 75.3703 97.7479
caseb 30.7574 32 70.4983 97.6809
caseb 39.2426 32 74.4938 97.7275
case? 35 30.7574 | 70.2915 97.7505
case8 35 39.2426 | 74.6756 97.7035
case9 35 35 72.6210 97.7852
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Main Effects Plot {(data means) for Total Head
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Fig. 8 Main effects plot for total head

Main Effects Plot (data means) for Efficiency
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Fig. 9 Main effects plot for Efficiency

Table 2. Numerical analysis set of 2 factorial
for the diffuser design

Optimal . p2_h B2_s

D Hi 39.2426 39.24726
Cur [35.0] (33.0)

0.58205 |, 30.7574 30.7574
Efficien
Maximum

y = 97.7910

d = 0.58205

Fig. 10 Plot for response optimization
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Main Effects Plot (data means) for Total Head
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Fig. 11 Main effects plot for total head
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Table 3. Comparison of total head and efficiency

Ht Efficiency
Base design model 55.96 93.86
Final design model 69.60 94.02
diffuser inlet i
diffuser inlet -

interface &
,/

impeller exit

interface

T,

impeller exit

(a) Base design model (b) Final design model
Fig. 12 Comparison of steam lines near
impeller exit and diffuser inlet

Aomol mg gl gAd D FA
GAAAE W5E gelsgim, dae AHAA
2 OFA WAAAE WR AFHL Y50
A G .
(1) WSEA/YS o] §3to] A WA
Mg Aofstel, Qe AHAAS F4

ddE ol&ste] HarA AN

]

2
Ho
ro

1. A. J. Stepanoff., 1957, Centrifugal and Axial
Flow Pumps.

2. Imaichi;, K. and Murakami, Y. and
Tsurusaki, H. and Cho, K. R., 2002, The
Basis of Pump Design.

3. Choi, Y. S, Lee, K. Y., Kim, J. H. and Kim,
S., 2008, Design Optimization of Mixed-flow
Pump Impellers and Diffusers, Proceedings
of the KFMA Annual meeting, pp.57-62

- 1208 -



