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ABSTRACT

This paper presents the multi-objective optimization of a single-channel pump for wastewater treatment to simultaneously

improve the hydraulic efficiency and reduce the unsteady radial force source caused by the impeller-volute interaction. The

optimization was carried out by using a hybrid multi-objective evolutionary algorithm coupled with response surface

approximation. For analyzing the internal flow in the single-channel pump, steady and unsteady Reynolds-averaged

Navier-Stokes equations were solved with the shear stress transport turbulence model as a turbulence closure model. Five design

variables related to the internal flow cross-sectional area of the impeller and volute were selected to optimize concurrently the

two objective functions with the hydraulic efficiency and the resultant force of the unsteady radial force caused by the

impeller-volute interaction. The results of the multi-objective optimization showed the representative arbitrary optimum design

considerably enhanced the efficiency and reduced the resultant force of the unsteady radial force caused by the impeller-volute

interaction simultaneously, compared to the reference design.
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Fig. 1 Cross—sectional area distribution of the reference design
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Table 1 Design specifications of a single-channel pump

Flow coefficient (¢) 0.019

Head coefficient () 0.074
Rotational speed (rpm) 1,760
Impeller inlet-outlet diameter ratio 19
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Inlet < Grid information
= Impeller + Volute : about 4 million nodes
< Boundary condition

= Inlet : atmosphere condition
= Outlet : mass flowrate
= Turbulence model : k- based SST model
« Interface condition
1. Steady analysis
- Interface condition : Stage average
2. Unsteady analysis
- Interface condition : Transient rotor stator
* Rotational speed : 1760 rpm
= Working fluid : water at 25T

Rotational domain

Outlet

Fig. 2 Computational grids and boundary condition
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Fig. 3 Definition of the design variables
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Table 2 Results of regression analysis

Objective functions Rr? R,
Tpeak 0.956 0.922
Ds 0.851 0.736

Table 3 Results of the objective function values for the AOD in the
Pareto-optimal solutions

) Predicted values (URANS
Designs
npeak/ Mef | Frad Fradies) npeak/ Mt | Fradl Fraatvep)
Reference - - 1 1
AOD 1.034 0.552 1.039 0.605
5. it ¥ HE

WARA ARG AAN] AT A4EY A 2
AR AT v $ 2AN 2ue) 43e A
ok, ety

o] AAAAE Lot A} el
Table 2= W FjoRiE T4E 7 BAgGE)
3| HE A (analysis of regression)?] A=

2 Ao A e SRS F sl Y

HeiF1 glrt &7
a89) B9} B2, ol Zk7} 0.9569) 0,9220] 2% &g o]

3 o Z ke A= gkelthar & 4= ok @ aeu ubg ek
Fol gee) mo} B ol 247} 0,851 0,736 7 7}
ol w e ] v

= 20 =
2% 99 Bl 45

o] tha A7) wiol| &gkl

g 4 e

3 A=} cha "ol At}

SIS G B0l S AT} W3 o
A o5 g Aole] Zolt A&4% delmdo] 2 74
' LB AToN AR WA
e woh i, ol &} )wstel A
HOoR ) | 5= A Fig. 40 hehd wiol 2
dajoh vlwstel Aol BT, Arigre] Heh 23
7h10 v waE $o AXHS 2 MU T4}
ek,
Fig. 5% 712343 W 5B 21 A2 Az
w5E SHE HAs U weE He) o) F2 2 9

33



@ RANS
0 Surrogate model

[, 1

Objective Function (F,,z.)

60 I c lol fi l . .

40 zol 029 IO : g;ilgg 28233 22823

20 s T : ¢ T T ¢

Y A S A A A A A AR AR R
LHS points

Fig. 4 Comparison between objective function (Fr.ga) Values
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Fig. 5 Results of the multi-objective optimization
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Fig. 6 Cross-sectional area distribution of the impeller and volute
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(a) Reference design

(b) Arbitrary optimum design

Fig. 7 Iso-surfaces having a low velocity of 1.5 m/s
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(a) Locations of observation spans
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(b) Contour at 25% span
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Fig. 8 Pressure contours at 25%, 50% and 75% span
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—O— Reference design
—@— Arbitrary optimum design
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Fig. 13 Unsteady pressure contours during one revolution of the
impeller



7r] ATTAZ I 5 AT, ol AHES o
2 gudHEe SUsks B3 B g 9%
2 v W P Feinel JRAL o A
Qrobn 12} 712 AT T HZH ) YolE AR 3
Aol cstol WEHER A A o A,
CEERE RISUEERVES RS [ B D
S 99, HHskd gEset MRE Yy fRoA g
o] AT o] ToiW O R TS A5l Tofe AL
2 4 9lck W shA 3 Felol WE 242 B
AP GASTAE T8 o] i Y}
MRE AW T4 uRE o] 1A K
23 39 geo] Y U ATOR ofFste] o of
el B vAL FAGLNE] BAS PaE A2
shelgt 4= 9lglek

s 7l
B Lo 4ﬂ71 SRR Yoz =it
71eAT-4Y) 7| AFEF YA S A-451AH] (No, JBIS0001)
Ugto g *ﬂﬂﬁgéﬁ Eheh

o

olofl ZPAp=g L

References

(1) Pei, J, YUAN, S. Q and YUAN, J. P, 2013
“Numerical Analysis of Periodic Flow Unsteadiness in
a Single-blade Centrifugal Pump,” SCIENCE CHINA
Technological Sciences, Vol. 56, No. 1, pp. 212~221.

(2) Khalifa, A. E., Al-Qutub, A. M. and Ben-Mansour. R.,
2011, “Study of Pressure Fluctuations and Induced
Vibration at Blade-Passing Frequencies of a Double
Volute Pump,” Arabian Journal for Science and
Engineering, Vol. 36, No. 7, pp. 1333~1345.

(3) Nishi, Y., Fujiwara, R. and Fukutomi, J., 2009, “Design
Method for Single-Blade Centrifugal Pump Impeller,”
Journal of Fluid Sciecne and Technology, Vol. 4, No.
3, pp. 786~800.

4) $971, 22,
Hazel qlde]-d
2016 FH=A17] A8+

l°§* °]7

38

8- 48N - 488 - 4T
378.
(B) Kim, J. H, Choi, Y. S, Lee, K. Y. and Song, W. G,
2017, “Design Method of Single Channel Pump for

High Efficiency and Low Fluid Induced Vibration,”
International PCT Application No. PCT/KR2017/006721.

(6) Deb, K. 2001, Multi-Objective Optimization Using
Evolutionary Algorithms, 1st ed., John Wiley & Sons
Inc., Chichester, England.

(7) MATLAB® 70, 2004, The Language of Technical
Computing, Release 14, The Mathworks Inc., Natick,
MA, USA.

(8 Kim, J. H, Cho, B. M,, Kim, Y. S., Choi, Y. S., Kim,
K. Y., Cho, Y. and Kim, J. H,, 2016, “Optimization of a
single-channel ~ pump
treatment,” International Journal of Fluid Machinery
and Systems, Vol. 9, No. 4, pp. 370~38l.

(9) Guinta, A. A. 1997, “Aircraft Multidisciplinary Design
Optimization Using Design of Experimental Theory and

Surface  Modeling Methods,” Ph. D.

Department of Aerospace Engineering,

Virginia Polytechnic Institute and State University,

Blacksburg, VA.

impeller for  wastewater

Response
Dissertant,

APPENDIX

4(6)9] tE IANE BAsHE obefsl 2.

f(n) = —82.149—1.867(x;) +1.5224(x,) +

0.0576 (x;) —0.3243(z,) —0.7468(z;) +0.8916 (z,x,)
+0.1586 (z,74) —0.16239 (z,7,) +0.388 (z,7;)
—0.2024(zy74) +0.2871 (22,) +1.1558 (z42;)
—0.0931 (z42,) +0.4736 (2425) —0.2760 (z,2;5)
+3.0929 (27) —0.6311 (23) +0.2229 () +0.7187 (x7)
—0.0704(22)

FE i) = 42.224—53.2522(z,) —2.0726 () +
29.6261 (x;) —54.7493(z,) +15.0822(z5) +
26.4085 (z,1,) +31.2763 (z,2,4) +17.9981 (2,2,
—10.4323(z,z5) —34.0087 (z42,) +1.9190 (z47,)
—7.0717 (wy75) +1.6067 (z42,) — 54.4487 (v425)
+35.6938 (2,25) +26.8051 (x7) +15.6821 (z3)
+26.4876 (23) +33.4353 (23) —10.3992 (x2)
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