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Effects of impeller structure on hemolytic performance and vibration
characteristics of centrifugal blood pumps
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Abstract: The impeller of the centrifugal blood pump can be divided into three types of structures:
closed, semi-open and open according to the form of the cover plate, which is of great significance for
assessing the hemolytic performance and structural stability of the blood pump. Based on this, the
hydraulic performance and hemolytic performance of the three types of impeller blood pumps were

compared and analyzed using numerical simulation. At the same time, the vibration response law
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generated by different impeller structures under the action of the flow field was investigated using the
fluid-solid interaction method. The results show that the internal flow field of the semi-open impeller
blood pump is more uniformly distributed, the blood transport effect is more superior, and the hemolysis
index is reduced by 24.65% and 19.67% compared with that of the closed-type and open-type impeller
pumps, respectively. The vibration displacement generated by the closed-type impeller under the force
of the flow field is the smallest, and the structural stability is the best; semi-open and open impellers
resulted in relatively large amplitude of vibration displacements due to relatively weak structural
constraints. The cover plate design of the impeller helps to reduce the energy loss in the operation of the
blood pump, enhance the pumping capacity, and increase the structural stability of the impeller.
However, the existence of the front cover plate may increase the risk of blood damage, so the selection
of the impeller structure needs to be emphasized in the design stage to effectively enhance the overall

performance of the blood pump.

Keywords: centrifugal blood pump; fluid-structure interaction; hemolytic performance; vibration

2025 4 5 47 &

characteristics

O ) FE T O N KA A, W E
2022 4F,  H T I i 5 R 0 IR [R]85 38 6400
TN M R R S > — R A B RO G A
A I, il TR, W S BUR A
e AERNATT I . N T SR A I B AT L Sy 46
T O WE B 1l 1) 8 B3 o 2 it ), ST AR RO
U T AR T 0 A B R

SR N T IEFE AR IR YT 0 3 O 1A it
&, AR H 2 17 i B A AE TR 5 R I & RE 1 XK
U BRI, TR L R A, B
N BRI R 6 B 45 0 2 50 AT T AR AR
5%, VAR IR A s RE e L BRIl 41 e 7R A2 1)
BYYIN ) FN R EE ] DoAY R B T T AR
MR R IE S MR R o A R A O A
JE R SR SER SR, SR 58 45 R IR 2R EAT 1 BF
FEABXT RS . HET, 550 M5 A AR A L 55 AR
KA, R A5 2R k48 DL I
m-AEU Pan 25U BFSE TR [] AR 25 4R B 25 )
MR MRS 52 . Wiegmann 2 #1158 T =
48 R 2 F X A A 7K P R R If YRR 2 T 4R
PRo Curtas 251 BT T IF 28 056 A2 IF 2 48 %)
LWNEYIN S, SR, MAMRZRIRT
B IH A 1 55 A I Ak BIF 9 BT X 4 E A RE 1Y
Mr, mARXTH R I T e i i R G
CEAVEAG,  ELBRZ 6 5 35 Ak F A R AL A T
AT

By PR BEAL , I 25 40 1 e 1 ] B R 3

M) Il 5 22 4 ia AT I BB 2 . AR by I 28 P9 SR —
M e, e — HRRR, 128 N AR X Ao
(1932 A7 PR 0K £ Dl IR TR 9 A ot i 5 495 X
B, fFEBFE M. RTMERNFHENIITR, B
Y N 53 B 1 it 0 A SR S ah o3 B il SR AR E
PERISEI . Seki %", Hijikata 25" 3 35 it Jin o0 S
I S5l W D00 i 2 PN R A AR TR B X 8, B 7R O
LSRG B ARG I R 1 2 e KUK o s S T Y
KW, WRIBTR IR T 40 M B 5 O AR
BE, 0T MARS . SR, I ZRAE KA
NRP SR A, M 4eis i ad F v i i o5 K T 0
JI(IRTRUE D& ESA=TBT B 2 NG 5 QB e DN
SEVEIRE S B, SHT RS TE IR 24 T Bl
WA BEJIVE T 7= A AR TG 0 B A5 0
WhBEL B Z DA WIAR 3 43 Bt 22 5 13 S0 U i 5
Wi, 11 228 37 3 1 ) 0 e i 5 A 3 3 R e 0 1
Flo RS 7 8 Be s A SO 4 T AR 5 T
Rz A EAE, 487 25 3 A 28 ey 4 F F [ A
AR T 52 ) e FEXH AR A ) . IR, ASTF
FEA R FH BB A 400 5 i [ A 1 vk % 1 28 7 ¥
K J1PERE . W YR BE M R SRR PE HE AT IR A
M, 87 48 25 F 2 200 128 25 A PERE RS 52
RE O MR ST R AR ES T

T, AU A Fwei ey e 5 o
R R FEE R T 5 XL 2RI R T
3 3 i 25 4 1ML 5 1 R R 3 o A HEAT T 1R
Mo IR AR B H KL 38 B A EAS 3 A



55

WIE, SF RGBT A LR AR B IR S A B e 569

W I B IR BE . USRI [ RR T ik
Xt IR T A5 AT B 1 R e A, RIS IR
WS SRR B0 T IR T LR 1 g 3L )
YERIR Brr= A B R AZ MR B2, 4878 TR
MR EE T R Sl AL

1 MHRETE

1.1 YEERE

ARTCH B O M SR AR Y K A = Yk 2
i 1R . Hdr, SR E S X E5 e R
FEEAEANRIE R R A R, X5 h ETH
Rt e e, PR R T S, T
VLR 3 SV E SN IR SR SN il
2 BRI HE % n=2300 r/min, Witd O=5 L/min (3%
PR, B I A AT 4 100 mmHg 947 2P 15

br, HAAS B A S5 R A O T S 8 3R 1 Ry
o ML IR MR ERIE S 2 A AT,
HA B S8R —E
1.2 BMitEER

MR RS B, Z040 M2 20 i 55 U 1 ) S
5 I A g Ml B 1 < 20 08 2 6T 448 A 325 A ) R
B 05, T S R I VA A3, 8 DR Y,
DU, 3 I P e VP 5 245 5 55 U 1 i R/
FEFH TR HEAT 255 20 B o A SCR P I 3503000 1)
2 o/ w1

Do /D (%) = 1.8 x 1070 x 71915 0765 (1)
K Deyyy 0 I3 B0 U B8 109 000 20 8 1R
Dy A MK PN LLEE R EE ;< ML T 32 11
SIYIR S KN ¢ LT M2 B BT 7 ) B iR
W] . Hor 7 935SR T Bludszuweit™ 32 H 044
TR ik SR b BT PN 1 A

1
_ ) 2 .2 .2
Teff = 3 \/(Txx + Ty, + TZZ) - (‘rxx‘ryy + Ty T+ TxxTZZ) +3 (Txy +Ty5,+ sz) (2)

EAO

Eraa |

A
“
4

5
N7

(a) IMAE =4EZ5Hy

(b) =5

CESENIES

(d) FFnH4e

E1 mRFECRMHE=4HE5HE

Fig.1 Three-dimensional structure diagram of blood pump and impeller
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Fig.2 Schematic diagram of blood pump grid section
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