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Design Optimization of Axial-flow Pump Impeller on
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ABSTRACT

In this paper, Multi-objective optimization of the axial-flow pump impeller is investigated with the multi-stage design
optimization process. It has sequential processes, which are called screening, autonomous metamodeling, design optimization,
and validation. To investigate these processes, commercial PIDO software called PIAnO and AlDesigner are used. For better
quality metamodels with fewer design points, autonomous metamodeling with AlDesigner’s own algorithms is applied. As a
result of metamodeling, RBFi for efficiency of design flow rate efficiency, RBFr for efficiency of low flow rate, and Kriging
for the total head of design flow rate are selected by minimum root mean square errors. for variable operation conditions, the
efficiency of a low flow rate is added to objective functions to consider and improve performances of off-design conditions.
Optimization with MOGA is investigated, Pareto front is acquired with improved efficiencies of both flow rates with satisfying
constraints. validation analysis and flow characteristic analysis are investigated for the reliability of generated metamodels, errors

are within 0.3%, and reasonable flow characteristics are confirmed.
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Table 1 Design specification of axial pump

QCMM) | Ht(m) P(kW) Ns

Pump 7 10 2,560 15.6 1207

Fig. 3 Grid system of rotor region

Table 2 Grid convergence index for the grid dependency test

Q 7.0CMM | 5.6CMM
Ni/No/N; 764,800/361,350/168,440
H,/H,/H; 8.802/8.772/8.614 \ 11.545/11.452/10.929
r 1.28
enlesn -0.039/-0.085 -0.043/-0.285
Apparent order, p 3.011 7.571
Oert” 8.809 11.566
e 0.0029 0.0028
Coxt 0.0026 0.0005
GClgne”! 0.0032 0.0006
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Table 3 Range of design variables(rearranged from Ref.14)

Design variables Minimum Maximum Nominal
p (mm) 49 59 54
Ly, (mm) 35 43 39
Lg (mm) 27 33 30
Ho 0.49 0.59 0.49
0, (deg.) 1 5 3
0y (deg.) 2 0 -1
By (deg) 59 65 62
Set3,, (deg) 4 50 46
By, (deg.) 28 34 31
B, s (deg) 74 80 77
Set3,, (deg.) 62 70 66
By s (deg) 55 61 58
51,5 (deg.) 78 84 81
Setfy (deg) 68 76 72
By,s (deg.) 62 68 65
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A4 ()3 go] EAY & ek,
n =222 <1>

A7VA QH,. P = A2 AR /s), AEBm), F&
SH(W)E ujgtt}, & AtollAs A=l digh aa(n)at
AER(H)S 78 eATE Ak o5l gt o &=
g AP 2HskE sk
4.2 OS2 My TE=MA

A& d (Metamodel) o|gh, SHE A9 E= iAo 4

I} HlolHE9] AFES 7Rt s Aut dlo|E 7}t gHE X
U FHoNA Y A A&st= 7oz, Hlojer) ghel
B Agelne] Egol Shagl dolelet AXES Sl
A F gt 025 Fol= B (Interpolation) 3}, 3| 4k
o A FopA G Y M 0 RS B 37
H(Regression) 0.2 HREC}

Az S 4T HolE HES A T /44 e
B ey A, 7] FEE Hlold Alg o]8ste] o
= sk WRler A8 AtolA ZIgE wF Qi) o]y
@ wel 4% shud dlolell Bl wehd 2 A 8
ol,]. :Lajz] 5k IIH‘— H A 3l5) oﬂh‘gﬁlo] QQ =] =

T o= e
ok 24, diSnd A =g Bash A o]

J1-9
OE'

3}]\

=

44

-2y 2z
b
Flow

LE

Rotation axis

(b) Front view

(c) Blade on midspan

Fig. 4 Design variables of axial pump(rearranged from Ref 14)
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Fig. 5 Process of autonomous metamodeling

Table 4 RMSE of metamodels on last iteration

RMSE
Metamodel
Effp 4, 5 Effs
Kriging 0.114 0.027 0.102
Radial Basis Function 0.090 0.042 0.079
(interpolation)
Radial Basw.Functlon 0.105 0.040 0.076
(regression)

Polynomial regression 0.101 0.044 0.177
Ensemble Decision Tree 0.358 0.173 0.546
Multi-Layer Perceptron 0.196 0.035 0.204
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Table 5 Initial vs Optimal parameters

Pareto set
Name Init.
Optl Opt2 Opt3
L, 54 59 59 59
Ly 30 33 33 33
DV
Bim 77 74 74 74
Set,, 66 64.72 64.72 63.68
Eff; 71.72 71.83 71.83 71.07
Obj Eff, 75.31 76.46 76.46 76.54
H, 8.79 9.47 9.47 10
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Eff_ Q56 Ht_Q70
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Fig. 8 Contribution analysis results of initial to optimal
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Table 6 Validation results
Initial Opt.1,2 Opt.3
Err Err
Pred | Real Pred | Real |Err(%)| Pred | Real

(%)
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