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Numerical simulation and multi-objective optimization of the centrifugal pump
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Inducers are important devices which are mounted upstream of the inlet to the main impeller of the
Received 11 February 2018 centrifugal pump to achieve higher suction performance and rotate with the same speed as the impeller.
Accepted 04 April 2018

Inducers improve the hydraulic performance and lifespan of the pump through increasing the inlet

i pressure, but the quantity of the improvement is dependent on the geometrical parameters of the

inducer. Therefore, the optimization of these parameters is crucial. In the present study, the performance

[I:]‘ll?r : of an inducer is optimized by considering the inlet tip blade angle, the outlet tip blade angle and the
Centrifugal pump ratio of the outlet hub radius to inlet hub radius as design variables and the head coefficient, the
Artificial neural network hydraulic efficiency and the required net positive suction head as objective functions. The inducer

Multi-objective optimization performance is simulated using 3-D computational fluid dynamics and compared with experimental data

which shows the validity of the used method and assumptions. The artificial neural network is used to
relate between design variables and objective functions. Then, the Pareto fronts are plotted using the
modified non-dominated sorting genetic algorithm II and the proposed optimum points are presented
using nearest point to the ideal point method. Using multi objective optimization, the head coefficient,
the hydraulic efficiency and the net positive suction head are improved 14.3%, 0.3% and 30.2%,
respectively. Recommended design points unveil important optimal design principles that would not
have been obtained without the use of a multi objective optimization approach.
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Fig. 7 Comparison of the non-dimensional hydraulic power with
experimental data for tip clearance of 0.8 mm
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Table 5 The values of the R°, RMSE and MRE for evaluating the
artificial neural network performance

RMSE R

MRE ST
12.2264 1.1367 0.9802 11y
5.4019 0.1696 0.9945 17y
9.7400 1.0993 0.9862 NPSHR

! Absolute Fraction of Variance
* Root Mean Squared Error
# Mean Relative Error

sl (36,35) Lals, llas alls Ste 550 0 5 (S0

AP

=" 6
V'Z

NPSHR = ﬁ (36)

Vin s pomonl op gy 8 (oS Prin geai] glas' T
sl Jrgaasl 45 (6099 S8 e

S 2y @l 5 ligas mizmen 5 52959 la el et sagaze
Syg0 oas ASLE Cand g Bj3e] Sz 50 4 (sode (gilwdnd )l oual
Cosloadools Jaleid 33 sla Jgaz 10 cud 5 & oS o 1,8 oolal

slaler wz Jao 533k sl glsoplsr P9y 05 Ol &5 pbles
UGJL:' o ‘_’:«.S.u R g iii‘JsJM ‘SBJ'L Q.J,S.uz [ w).o uwss.la
8 _}S...;
;:-A' S s LS ‘.- SEE ST u"”-" St wS-“ a2 é—r's;-‘e*‘
g Sl plil o g g ol Wbt Sl 4 2 gl LSl

Sl odd solazol )l:u 2,80 (599,39 L;Lﬁj.-.e‘ 'J 5L~.¢f JLJ )80

W s sSas il 3pse iladig O S G 5 ol Fen
4k oee alle Ste (A5 wa LS s (Ssaes (a3l ugSae
52 (nl 5 loain alm e o g wibad i S L s a1y plye
B3k s 98wy L bl o5 Wo S e anaS Sas ald
el Sy
a2 g (Slsyaee el uses e o s usSes slaglaler wix
g aaly B39-37) Lly, llas 5 4 5L 090 Al cote (25
1/, = 6.652 = 12947, + 0.628Y;3 + 0.008Y;,

— 0.060Y53° + 0.145Y;,Ya3

Yy, = 1426.509 — 8.268f,, — 28.8648,,,
+0.0138;,° + 015280
+ 0‘077ﬁinﬁout

Yy = 1271242 — 25.592B0uc — Doty

383 468

0.132Bpu> + 36514 (‘”‘"“t) 53 5605’Omt o
i ;

1/,, = 1.259 + 0.749Y;, — 0.780Y,; — 0.010Y;,°
+ 0.437Y,3° — 0.290Y;,Y55

Y, = —26.22 + 3.7388i, — 3.382f,u — 0.0188;,°
+0.027Bou + 0.0088;, Bout

dhout
ng = 288.635 — 5.743)5‘out - 89.536?

in

+ 00298, + 8.767 (dh"“t)2
ou dhm

hout

+ 081185y dhy,

NPSHR = —14.205 + 0.782Y;, + 3. 0301'23
— 0.076Y;,% — 0.175Y,3*
4 0.124Y;,Ys5

Yiz = 1618.375 — 21.513f, — 20.461Bout
+ 01128, + 0.121B,4°
=+ 0-041.Binﬁaut

Yz = 454.191 — 15.728B,, + 125.031

(38)

out

dhm
— 16. 125( °‘")2

n

FDA23 =

(39)

07 o )l 18 ©)9> 1397 MR P Sule WAy



UKt § 358 el (s Sazxo 2520 31 3255 ooy pangadial G938 S (S lwdisg 9 §IIE (5w dsus
25
—s— Target A
2| —s— Output ¥n
19 F - Test
rain es
16 Bml y
% I
%
% 13
10 o/ s
/4 Fig. 8 The artificial neural network structure for objective functions
i Bus mle gy oEpian e a5t LS8 S
1 1 1 1 1 1 1 1 1 1 37
1 6 11 16 21\17 ? 31 36 41 46 —e— Target
_ _ umber o 33 |} —a— Output
Fig. 11 Comparison of the predicted results by artificial neural network 29 | :
with train and test data sets for NPSHR - Train —— Test
Eloaals dsgazme b cae a5l basgi ond o i ml anslie 11 800
sales Sal) Ko Bos 2l jlade o5 )b agee 0 Bon 2l S5 sl e T
a2y o & S g ol 4 ddly b la el fods plplo s S
OlFen i dgne Hlajed Sjpe 4], Bon ol aled polie Wlg oo
ke slls Saw el SO g3h age Jl moly o 0 S 5 6T e 1 . I6 ;1 ;6 ;1 ';6 3'1 3I6 Il -‘II-6
3 - A 21 2 4
g7 3 50n; s (el sl oS0l ol o Sn 1l e Number

0t cmilie s Bon we giluaiys Pl glp Comez gl p
.Ja}_:),a Jlbi.u_bsm ] hy! L "bl};nj‘ Lai,_;)siﬂ Lﬁ‘ J'I aolazl L,Jl))h.‘)
S e el pn oSl Sl s ales pd e |, SIS Bils
oad ool puganl giluate Slp I 5 e blS s3luci o sl 2
bl g5lucsre sl p Sy s b el sl onl e gl o
el sl & Gl p B niKle alipn; 5l eslidd 1T 5y
b 7 gy B S 5 580 o § o] K55 01,550

123-20] el ous eolicnl 085 b Se5Ls5

8k bl w51 goliioy bl Gl -1-4
Jloayl alaiii 4y alols oy 50035 S, 4 (golyiiny aigy alaii bl
Aol o dan mlg & bayye palie bzl B cnl jo el a8 lal
igd LaSy lad e Blodsl b g0 ol polie b 0gd o il K b
Slabis o) abais aied o ools 25 fi, fou e fo b an Son ales
alols yls 1) a5 JaBe cp e S 1, fo, e fry ol Lo a8 ol
,8p) Slaise b angy bl 5 plaS 0
o5 labi Slatke BT Al e 0 e s 4 @) abal, Gl
Goleiy any abaii olee 4 wjls Jlowul abais b 1) alols o SolisS

‘J,..:IGJ UL’CJ'
2

Jlows] abais 4y cos (ay, @y, ...

d= ((al - FI)L“B‘ g'r!r-‘ﬁ‘-)z + (az = f_ZJl"'a" u-l)'—‘ﬁ‘)

B 2
+ ...(an —if i wr'&-') yos @l

ol 0,Sles (Sus sz gjlwdiag -2-4
W gy skl SVl v ileand @l L a5 sbples
aslyon Sg 5395 s (an slaell 4 aly a0 Sles
W pb el (95 (£99)9 4 (TP SBD Sl g 0 S o2y
bl glo el 5l ks 0 )50 alle ot R am g Sy e ol

07 o loui 18 ©)9> 1397 MR )% Sl [Can

Fig. 9 Comparison of the predicted results by artificial neural network
with train and test data sets for //y

sloools degazma b rae aSd baugi oud iy s il anylie 9 S0
Iy gl s g el

10
—e— Target
o —a— Qutput
8 L
Train Test
7 > >
=6 k
-
5
4 -
3
2 -
1 L ' i Il 'l i i 1 L
1 6 11 16 21 26 31 36 41 46
Number

Fig. 10 Comparison of the predicted results by artificial neural network
with train and test data sets for /i

slaools acgamme b crar 500 lavgi 00l Lo e S alie 10 O3S
I sl o 5 B!

Wk oaag L1 (f() = [, LX), fn(D]T) Goe
o w3 1 (X)) =0 i=12,.k) g
s g sale Fos ol & S 4 (g;(X) S0 j=12,..,D)
Su gy ol &5 ) 5lwis 5 g plejen & 90 4 Wb dlles S 0
anly> 5oy 1) 6,50 T 5 (S ogue it ol sl KouSy b el
3)ls gy ane slaguly 5l slatos angy bl S gl 4 Galply oS
L8] Sg g0 odaali g7 L g oS
2l @ S Loy jpee RaSs @ S aige bzl
Sade S Ol a5 e (o s g Bos mllgi slad o leiul

212



Ve 9 33 clxib s Saxo

3500 31 3258 oaay angadisl 33k Jia G lndlsg 9 GIAe (5 s

aot bla (sl Bas w1l 5 (b glaeite 3las 6 Jgox
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