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Multi-Objective Optimal Design of Blood-Pump
Using Genetic Algorithm

Masahiro KANEKO*, Yoichi NAKAMURA
Hiroshi TSUKAMOTO and Koji MIYAZAKI

** Department of Biological Functions and Engineering, Kyushu Institute of Technology,
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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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1.Rotor, 2.Pump casing, 3.Conical spiral groove bearing,
4.Cupling magnets. 5.Suction port, 6.Impeller, 7.Discharge port

Fig. 1 Schematic diagram of test blood pump
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Table 1 Number of elements

Inlet Rotor Casing/Outlet Total

12,894 636,999 146,272 796,165

(i) Pumprotor

(ii) Pump casing

Fig. 3 Computational domain and grids
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IIT, plIEE, P IIEARRL WD, IR
lg ¥, S THEVERE & BT R 0T CH B, S,
{MhomEEZERLTEY, RI0)0EDE 1 FHiiaV
AVH, H2 BHEOHEERL TS, AFHEFMIC
i, RNG (Re-Normalization Group) & - £ €7 /L& vy,
BERSETMCXEERR G Z A L. EilRicfES
FHREOMLB SN R B MDD AT
T 6 deg CIHEEEATEIT--. BT u—FK
Uk Ui r—o 0 ZfE, BRIRT v 72k icn—
2 L br—3 0 FTEO Interface OEDEHT 21TV V2R 6
HEZED TV FEEAVWTHESE, FERHE
E{THo> T3, )

— 187 —



756 BERH7 VT Y XA X 5 MEER Y 7OE BRRBRET

BHERATC V- HER T 2R3 1ORT. ST
IS T, EEERCHEO—F, BIERTHEH
ABRFRG—2 07 FitlOEo 3 R oK
L. BREROBFAEIER 1 IoRTEY THY,
ARFC 196,165 EREM L. BR&MEL LT, PR
B EHEEEE n[min™] , PHAICHEE O{L/min] ,
HLNICHIEOPa 5%, BEe+0LE Lk
i, MEREEEEL, FEFEOYEEIZEE p =
1,048 kg/m’ , $5EEL=00028Pa-s L L7-® . A3
2 b—a ATRWTH, HERE B AR /e
HEEERNEDT, FEOED=a— Bk E LT
BYfoi-.

4 12, FEEFRTODREL R, AR
7T, v—F OEEERIEE 0.05 FREDIBEREE %
T, BEL-AMEESI~LBITLTWBZ LIREET
3. £oT, R 7245183 005 FHLIEOMEA IR

CEHUCHEHL, #oRST, SARDEESRR VSR
VAW BHIIBESEDOLOETRTI L &1 5.

62 EMBROFMEE EEOHRS O cERk
REFSS2ROFRIC > A B SdEsnc & 9 TRl
THZENTARICR->TETWS, KFRETI,
Bludszuweit DI2E L7 BFRAFED i X b Ak
R 7OBENEL FRILE. FOHFERZUTISRE
Y THB. FRiEkcE U BEAMTSHT v YM3, K
() R T X ) IR AN & VA VRIS

KLY R LHTES,
du,  Ou, ——
"[ax_iax—}p an

TIT, p RO, HOETIEILA v
RENT v INTCHYR(12) THROTENTES,

S aui Ou, 2
- puly = ,u,(;j +Ej)—§pk5'j (12)
TIT, y (SELTEHAERRER, S137 BRy I—DT N
Z2THD. ThoDREEHMLLR DT -5 ckd
FL3X(13) BE5h 3.

| !
Tblood =|:%Z(fﬁ_rﬁ)z+zfi;z]2 (13

WIS, FROBTHEHREZHD LEUEL, MR
TRANPHHH L O COFBHRE R L. £
B L COMBEARE, ELHTHAMEGRIOR UELIGESh = %
X —ORRIEREZRD, X (13) &Y RiskicAe
CBEAMIES Tyt ORFFIBIER SRDTC. &AM
TEHE—T—EDORABICADRIEKIZAE L 555

Table2 Pareto solution to outer diameter of impeller D,

** and hydraulic efficiency 7,
No: D, T B
1 51 0.768 » 95
2 52 0.773 - 55
3

54 0794 - 36

Table 3 Parameters of an optimized blood pump

Outer diameter of impeller D, 52 mm
Inner diameter of impeller D, 10 mm
Outlet blade angle 5, 55 deg
Inlet blade angle 5, 12 deg
Rotational speed n 2700 min™
Number of blades Z 6
Hydraulic efficiency 7, 713 %

—o— Average Fitness ]
—e— Nax Fitness
0 3 1 1 1 1 . 3
0 10 20 - 30 40 50
Generation

Fig5 Convergent history of the optimization process
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Fig. 6 Measured and calculated performance curve of
an optimized blood pump
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(ii) side view
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 of HPM-15 at pump casing
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Table4 Comparison of Blood damage

Author ‘Conditions Blood damage D,
HPM-151" Goat blood, 13x10°
Against head 100
mmHg
HPM-15"% Extracorporeal . 13x10%~
. Circulation 2.7x103
HPM-15"" Coronary artery ~ 1.2x10"~
bypass 9.6x10*
HPM-15"®"  Goat blood, 4.0x10%~
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mmHg S
HPM-15 CFD 1.05x10°
1.08x10*

Optimized pump ~ CFD
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