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Multi-Objective Optimal Design ot'Blood-Pump
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Multi-Objective Genetic Algorithm (MOGA) optimization was developed for a small and high
efficiency blood pump without hemolysis. The outer diameter of impeller and hydrodynamic
efficiency were chosen as objective functions, and the rotational speed of impeller was chosen as a
constraint condition. The measured pump performance of the GA optimized pump showed good
agreement with the required one. Unsteady RANS calculations presented that the GA optimized
pump can suppress higher shear velocity in the blood pump. As the result of the present study the
GA optimization is found to be effective for the design of blood pumps.
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Fig 5 Convergent history ofthe optimization process

Table 3 Parameters ofan optimized blood pump
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--0-- Average Fitness
---'- 1\ lax Fitness

20 30
Genem/;ol1

10

0.2

1 51 0.768 95
2 52 0.773 55
3 54 0.794 36

Table 2 Pareto solution to outer diameter ofimpellerD]

and hydraulic efficiency I]h

No. D] I]h f1J

Outer diameter ofimpellerD] 52 mm
hmer diameter ofimpeller D) 10mm
Outlet blade angle f1J 55 deg
Inlet blade angle PI 12 deg
Rotational speedn 2700 min-I
Number ofblades Z 6
Hydraulic efficiency T1J, 77.3 %
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6~~-~--,---~~-~
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(11)(au au) -
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?XI:.. $Jfn.~li~HIf..tt,{) C!::flj{:<EL, 1fn.~Jf-~

7iJ.,&)2-, i=l tJ> Gi!±1±l L i=l ~-c'O)m-~Hfl±l Lt;::. ,*mi

J1;jfk:liLl::-c'O)_1;j!'i~, i5L~~Oi5LimlftJJ.I.*

Iv:¥-O)~r,,'_:a:-:1<b/), ;;:t (13) I:.J: ~ $1fn.~I:'!£

L.{)i:t~wrr.ttJTh/oOO O)~rd'lD:a:-:1<b/)t;::. i:t~wrr.t

tJmtJ~~--c'-:<EO)it~wrr.ttJ:b~$1fn.~I:'!£L.{)~

Fig. 6 Measured and calculated perfonnance curve of
an optimized blood pump
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Giersiepen G(12)0)_1:'J:~Ij.I'jGtJ>I:.~tL-c~\{). L
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Fig. 11 Wall shear stress at pump rotor
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Fig. 12 Wall shear stress at pump casing
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Fig. 13 Wall shear stress ofHPM-15 at pump casing (7)

;t'0~, Jr-~/':7'm:iID c3j3j~.mr,,'-z'(1)mEn~:7

:I-"/ rifftiLcOOELt~iI~, ~~I;:limm(1)1Jf~~-=(X

mEnl;:J:--:J""(, :7:I-"/ rmm(1){liltil~Mh""(~''0t~~

-z';b'0c~;tGn'0. ~ 11 l;:o-?,miIDl;::t3It'0-lt
IvI:mr.tjJ~~~~, ~ 12 I;:Jr-~/'YmiIDl;::t3lt 'Q

-lt1vl:mr.tjJ~~~~jf-T. Leverett G(14) 1;:J:nli, ~

Ifilil~1:T'0m:iIDitlvWfr.tjJrwall (1)r.ilfi~]J: 150 Pa c
~n""(~ ''0. j:;i"o-?, 1;::t3~'""(li, i¥lIJ~J'fl\B~iID(~

-190-



(1) GAI;::J: 1?$§~Uf!:;U;::~·f1H!l::a:-~T.oii/L\

:JtJfn.~;f,/:1'li, ~*tt~HIilJ~ T .o.
(2) ~~*.@]M.J.t n 1;::IIJU*'.J:a:-1}.::t.o::, ~ -e, m.Ifn.

Jfi1:.o)~~-z'Jb.oitlv,*i!flJ.tr :a:-1J:iJ.::t.o::' ~ iI~

-z'~.o.

*~-eli, IJ~. ~~i¥ilYJm.Ifn.0)JB1:.iI~1dt",

ii,u~tJfn.~;f,/:1':a:-§~~ U;::~=t:a:-ff-::>f;::. il:f~~

:TJv::i'!J A·A:a:-m"''"(itlv~rl;::fIlIJ*'.J*,1}.::t, 71< .

n~i¥17h' ~~*.~D2 0)2 ~!J&:a:-8~~ L'"(
~~*.~:jkO)Uf!:;~ff-::>t;::. Uf~~*.:a:-~T.o

ii,L\:JtJfn.~;f, /:1'H~::=t • iMtF L, _ ~ !J&WWtJrI;::

J: I?tt~H¥{jffiU;::. -t:"0)~*, £J.TO)AAr'tmJH~t;::.

(I) Yoshino, Y, and Akamatsu, T., Perfonnances and

Chwacteristics of Magnetically Suspended Centrifugal

Blood Pwnp, Trans. JSME, Ser. B, vo1.60, No.579 (1994),

pp.3687-3692.
(2) Nakamura, Y., et al., Experimental Study of Dynamic

Chwacteristics of a Centrifugal Blood Pwnp with a

Conical Spiral Groove Bearing for a Ventricular Assist
Device, 5th Joint ASME / JSME Fluids Engineering

Conference, (2007), FEDSM2oo7-3723S.

759

Table 4 Comparison ofBlood damage
Author Conditions Blood damage D j

HPM-IS(l1) Goat blood, 1.3xlO·J

Against head 100
mmHg

HPM_IS(18) Extracorporeal I.3xIO·3~

Circulation 2.7xIO·3
HPM-IS(19) Coronary artery 1.2xIO""~

bypass 9.6x104

HPM_IS(20)·(21) Goat blood, 4.OxlO-4~

Against head 300 6.8xI0·3
mmHg

HPM-IS CFD 1.0SxIO·5

Optimized pump CFD 1.08xlO""

I;::, CFD liJfn.~;f,/:1'J1;jO)~:a:-TiJlIJT.o::, ~ iI~+
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:l!J!G-eO)itIv~O)'JZ-:I$]~ . :!ll*~, Jb.o" 'li-7-~
/l"%$ftilIlt~·m.Ifn.O)Jfi1:.iI~TiJlU~h.o~lJiJG-eO)~

iIDitlvI*r.tnO):!ll*{~/t ~.H¥{jffim!!J&I;::Jtj" " -t:"hG
0)*+-z''fril:1A-TO)~J.tH¥{jffiT.0 ::. ~ -e, Jfn.~*,

/:1'~ L'"(~ GI;::Ult~HiI~-z'~ .0 ~~.::tGh.o.

8. Ni ~

iI~(j(]71v:::f ~ ;;( A I;::.J; ':'Jfn~,-f-/:1'O)~§(j(]~iMIDl:iIT
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