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Abstract

Objective: To investigate hemodynamic characteristics and optimize impeller configuration in a
magnetically levitated centrifugal blood pump for pediatric applications, establishing design guide-
lines for enhanced hematological performance. Methods: In this study, computational fluid dynam-
ics (CFD) technology and k-w turbulence model were used to numerically simulate and analyze the
internal flow field characteristics of maglev centrifugal blood pump on ANSYS Fluent platform. The
specific simulation conditions were set as flow Q =1 L/min and speed n = 2200 r/min. The pressure
field, velocity field and shear stress distribution characteristics inside the blood pump were calcu-
lated and analyzed, and the hydraulic performance of the blood pump was evaluated by changing
the flow rate and speed conditions. The impeller structure is optimized based on the simulation
results, and the optimized structure is verified by simulation. Through the comparative analysis of
the simulation results before and after optimization, the effectiveness of the optimization scheme
is verified. Results The CFD calculation results show that the pressure field of blood pump flow chan-
nel is evenly distributed before optimization. Maximum velocity of 6.42 m/s localized at impeller
tips, while 95% flow domain maintained 2~5 m/s velocities (below 6 m/s hemolysis threshold). The
high shear stress area (>150 Pa) of the impeller is less than 5%. The hydraulic characteristics are
consistent with Q-H negative correlation and speed positive correlation. After optimization, the
maximum flow rate in the pump is reduced by 14.5% (peak 5.49 m/s), the proportion of high shear
zone in the impeller is reduced to 1% (peak 715 Pa), significantly improving blood compatibility.
Conclusion: After optimization, the impeller without sharp Angle structure can effectively reduce
the regional distribution of large shear stress in the pump, reduce the probability of hemolysis in
the pump, and improve the hemolysis performance of the pump, which proves the effectiveness of
optimizing the impeller structure.
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Figure 1. Overall structure diagram of the blood pump
B 1. MmREEAHLEHE

HHEWE 2 Pros, iRt inae b s Mlse T 8 mii sy, B st . &g
FEEAR 70 mm, EEN 45.64 mm, MAEEE AR 39.9 mm, FELIEAE N 6 mm, HIEZAN 6.2 mm.

AT B0 N T O MR I AT R R 2, R TH SRR A 2 B A R DGR, A SR R ) s (I L
Fevh e AU R UERRTE[12] o ASCRIA Ansys BT AT SR A 1 /NI S A AR o4 B R
sz, ARUESE SIS R B o KR, A58 Solidworks =414 X 132 N ¥ 18 b i3 AT 4E
i, 2115 3 Fos MIZMARISAREAY, i . W iiE . ik s e 4 .
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Figure 2. Cross-sectional view of the blood pump
E 2. mRFE

Figure 3. Fluid domain model of the blood pump
3. MERRAFARE

1R RIS JF1E Fluent Hb AT IRy, B ARG IR X 52 2% 4 PR I AR 5 e, 1T i
W ERIARR R A%, P AR SCR I ARSS H AL AR HEAT R A% Rl

N /NP RSO0 SRR R (R 0R 22, R REAT R TSR AT WA TE SRR IRAIE - AT FT 3 Sl R T 70~470
JIPURE TR T MR AARE RN, R 1 R MR EERIA S 370 A, SftigddnE TiE, Hi
PR /N T AR TSN 5 R, PR HOR Y 3,784,144 (K B REAT J5 B0 5L

3. WFFHEimAIRE
3.1 WFRFH

AT B N M, AN W] 4 (1 2R BT A4 [13] [14], %6 B4 1050 kg/m® , REFE R E N 3.5 x 103 Pas.
MERF A P EE A DU R = AR 1) ANRREDNREA H, RAETHER R R/ By 0.018 ks,

DOI: 10.12677/mo0s.2025.144263 43 5 1 A


https://doi.org/10.12677/mos.2025.144263

Xy 5
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Table 1. Mesh independence verification
3= 1. Mg TR MEIE

e [BREIEE #%7% H/mmHg YRR %
1 719,784 91.34
2 1,700,374 92.13 1.98
3 2,775,252 93.26 1.23
4 3,784,144 93.49 0.25
5 4,771,762 93.92 0.46

3.2. i iRE

7E Ansys [RIRHRUB R b, 8 LA IR A Inviscid #7 | Laminar #7 | Spalart-Allmaras (SA)R % |
k-g FE7 | K-co PR AN TR U B F7 A5 (RSM) [15] [16] 0 K-co i A4S 7R ELAG AN 75 LR T o 50t W] LA B 3k
ATy LA B T4 R 186 P R G B s 5 2 i sl R i R e 10 ) 2 8 5. Fluent “FE 1ML T k-0 BEBLTF
PP TR, BIARAE k-0 (SKW)BIRLANBT Y] V)38 %0 k-0 (SSTKW)IEAY, e SKW A RS LE fifi R AT
FCHUR AR B )32 o SSTKW AR U2 AT DL I BE X AR AER B T 2L k-0 BT 53237 1Y) i R 4
k- BRIARLE G, TR R T i B VI S (I RLNA[17], 380 T ceadk (i e R 1 2 =X M T ¥ BY T S )
SRS ORISR SRS By, SR, B AR A O IR AR B AT [18] . LA E R
ARSI P AR B AT SR A
4. BEREHRERSH

HIF Fluent S 4473 8 000 L2 N ) = 4B AT I imnift i 2EAT BUE RN, (ERECE N 1 Limin,
7y 2200 rpm (¥ T80 N BEAT BUAE AR, HPrA TR ES/N T 1073, HL HUR AR R A B R e RS
i, POATHEIE RIS

4.1. MEEHNHTH

MR NI W 40 IR VBRI R AEN LR T, b T 5URRES, FEXFp iR AR A
T, MR B RE S, BEE R ). IENDAREX, HIAEEX, EH0M6 SR
H— e R PR, RUPE ARSI E . M TG O AR B A AR R R, gt
SRR, £ MRS b Akt . it 0220 12,744 Pa, #9745 96 mmHg.

4.2. MBRREIHIH

M55 AR L 2 P DA T T a2 B, A 5 o IR A AN L, 36 B2 EERAE 7 AL
MY, IR ML RRAI 0 BILA[19]. MG A A B E 5, MRS S IR iR, ¥
PRI EN A5 515 4 P 9 04— B N VR 0T X 3 PR 3 FEAR O AL, T e e by o P e v
U B E HBAE ORI . NIHIREZYN 0.8 m/s iy, BEJSHENNHECIRIE, B HHEC IR EHes, &
FEZWIER, M 0.8 m/s iIZHTHI A 6.42 m/s. T HHACHIBEREAEM, AR A O BHEAFAE RO S . R
WL AL FHAIRES, IR BB 1k X
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Figure 4. Pressure contour plot of the central cross-section in the blood pump
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Figure 5. Velocity contour plot of the central cross-section in the blood pump
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re 6. Shear stress distribution diagram on the impeller surface
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Figure 7. Relationship between flow rate and head in a blood pump
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WRIGHIL T TR, RN s X, R X BT YN ) DX B v 7 A e e iy
R, RIS AR B 0 AT SR A R 2R A B 25 4t LIYI S0 2R (A Ik e

FEAHTR 00 B XA B S £ AT O B b, A5 LA RIS AR 2R P S 7 2dim s B s i e 2
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Table 2. Statistical table of flow field data inside the blood pump before and after optimization

2. MUAIRMERARRIARIESR TR

FE MU RNy P /mmHg KT B /s KB VIR F1/Pa
H(EALFET) 95.61 6.42 733.03
T ) 88.74 5.49 715.2

N T RARACHTJE 25 R B S, B AT A i 2> BT DI 77K T 150 Pa X3k, 4nfs] 8 it
e Hrb@OIEAERT, (D) tita, LA AR T () =, (o)iH48 R LI B PN 72K F 150 Pa [X 45k
RIESEA BORREFE LA T 252 Py B I (R AT R

(a) (®)

Figure 8. Shear stress distribution (>150 Pa) in the impeller before and after optimization
E 8. ALRTEIEER 2SI VIR S1KT 150 Pa X153 7 &

6. i1ig

AW FAAL G RIBEAIAE 1 Umin I &E, 2200 rpm FIFEE T, Aedft 89 mmHg A4 e,
Throckmorton %5 [24]3 T (1 27 Sl =0 LRFC % 4 Bh 3 B (PVAD)7E AR 38 e e Se it B8 = 7%,
% B AE 6000~9000 rpm #iE , HAEHLME 50~95 mmHg /& 4 137 FE . Litwak 25 [2510F & 1 F T 2245 L
(R TR B 0 I JR AE 338 2500 rpm BN 1 L/min T FAXAEHRHEZ) N 55 mmHg 224 4 FE, T AHT
SR ES O FE AR R RE T N BRI AIA R 127 mmHg. Tompkins 25 [26]1HF A& 1R B 17 B0 20 2 4
B%e B AE 5000 rpm F53 F AEdRAL 150 mmHg #FE, AHE T O IR T K J3PERE ST JE , 7E 3000 rpm
THAEPEAL 190 mmHg A 4G K2, TE BRI E T ARt M Re, X R UIAHT 5T (0 if 5 B A SE 4
(7K F1tERE . 2= A [2018 FH CFD i LB A I3 Hp (193 B 37 EAT 0 oA, JLRIE Fe 4 SR B 1 i i
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T ERT 6m/s UL, LA AT A8 A AR AT 3 B0 L. AT FOORAK S B2 552 P e KR AN
5.49 m/s, TR T A AR AERIMERE . s m&[27]% Sarns 75 M2 3470 70 5045 H AR H60d N f vk
1810 rpm I}, ALK T 150 Pa X385 LN, A SO LAk fE 7E 2200 rpm % T, #HEEER 72 KT 150 Pa
DX IRATIER 7 LA/, 3 35 B A 70 A 1R 5 L S A () I M

KTEMRS T, BT 24 LEEEBN, FERS/NMEEER T 24L& . Baidim En]
FALRHA SN 22 45 an BP-50 LA & Rotaflow, 2 EAE5 518 79 mm. 49 mm, A58 L 22
RHHEAMHN 39.9mm, oz RS 49%F1 19% [26].

ST B U S DR v A S, 6 MR B SZ A2 FEAR T N, 38 SR I R 14 e B 47 1 9 0o 2R 2
R R SRR, JE ST DL AR DL B O A Al bRk — . RIS R R BE B DIN X .
JEIX .l X AR 2 A e e i B, SRR A AT DU B i L A R e R RE DL R
R EFESHOTINTF.

7. &ig

FURT, [ Y S 2240 L 8 2 Do 3R e b, ARWEFEEE T CFD ORS8O it B T 224)
L e 1 AL R Y B TA BUE T 3, X R AR AT DAL, Dol e 0 s R R S5 0 B v 2
2% . CFD 1A 45 R B R S AL, TooR A 5 R 8 T LU R B AR A K BT DI 7 X3k A
BERARIE N A B IS LU, SR TR AVE AR RE, (ERT T X MR G A AL BB Rt o BRAMERT FE I
R A BT IS AR A G5 K T AT R 00 R AR TR K4AAE, BV MV REA T FRAR, il g pig 2
(] ) 2% 28 thm] ARt — 2B BT H A
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