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Abstract

Objective: To analyze the damage of different impellers to the blood in a high-speed mi-
cro-submersible axial blood pump with a length of less than 20 mm and a diameter of 5 mm, and
to find the optimal impeller structure. Methods: Numerical simulation of a miniature submersible
axial flow pump using Computational Fluid Dynamics (CFD) was performed to vary the number of
impeller blades (two, three, and four) to analyze the flow field distribution within the blood pump.
The hydraulic performance of the blood pump and the damage to the blood in the flow path are
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analyzed by studying its velocity, pressure and shear stress field distribution. Results: The data
results showed that the NIH values for the three blades were 0.07, 0.05, and 0.08, respectively.
Conclusions: Experiments show that the three-bladed impeller conditions, shear stress is small,
NIH is small, comparative analysis, three-bladed impeller is more suitable for high-speed mi-
cro-submersible axial bleeder pump impeller design scheme.
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7 H 0 )RR (HF) 2 — M B i,  BA RS RIER S, o, #id 650 HEEANER O
FI[1]e O MEREAR AR — R RIE T I3, AR A O IE BERAS R SR T O E R I AT REE . N T 2O
FEEEMTRE, NTOMAEDEMILHERSR] T KR R A A 0 %40 8% B (VAD), &4k
JIEL i 42 & (ECMO) AICo JIF T AR (A SME R (CPB) [2] [3] [4]0 %t 252 A1 0o 21 2 0o 2 il 25 8 oo s P 1) 79
FEARMIE[S]o BRI T, S IR, DARR AR IR H R R B ARG [6], 4 SR 4
JZ R, S H AT AR . HE O IR R, A T IE SRR /N A NI, Fh R 0
W R IRANT] 200 o 1E 3 SRR/ NG OL T, B AR SR v AR T S 0 fE e i . FFE R S it
PEIR S RE . AN NI R 8 — R id i, WIS HE[7], TEEFREANSH, M2 Bk
ks

H RO TR MR M2, SO MRS R, ENAMISEEARE TARMIE IR, V76| [8]HF
RIS L =5 E, AR R AR, EKENT 70 mm, B4 20 mm, 12,000 rpm %44, FE
it 4.5 Limin PR . FFEOEE[910E L T AR s B, A ZR s e Re s, Wik T 1.5, 2,
2.5 mm =F A E R, fEEA 12 mm AR A S ILE, R 15 mm mER, RE R R . T
JREAE[L0150 8T T JEHE R (5 g X i3 RO I 0 FR0I 285 SR o Li S5 [LL1VPAG 1 2040 7 5% P9 453 BT T
P18 F R/ INGE R 6 MR T B 5 . Zhang 5 [6] L T LR P 22 i B 5 e 5 98 77

B Py 2220 LR AR A BTk AT TR Z B AL, (RAERBIA NI AR FH 21 EAR 2 . A SO LA
5 mm EAMAHR RN, FIH CFD WENENRGIAT I H. o TEMARMERSET, AFER
R IR L LR DGR D135 A A s . DAFHRAE RO 3R N B L B R B e O R .
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ARSI R g R e, EEHANE. M LS DA U R, R 5 AU E, i
M P B Y B e L, M BN CIREE, AR ATV AR I R A SR . i N
Ji A S ER AR ] B 307 o WHESR T IT G, DAV 2 . A B Solidworks £,
ok e i G R R A UK I M RERE AR, D i O v 0 P T B L S AT R A A .
FHEZ35mm, &E 9mm, HHEEN 3 mm.
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2.1.CFD /53

KA RAFNE R L. CFD B A6 Fluent, 43 il % XU Fr o =il AR DY i Fr g AT B SN, . i
KA AT (142 1l (Navier-Stokes) 2, 3B ACE BEAE )55 580 & . BB —Fh Al An
AR AR, 25 1050 kg/m®, AN 0.0035 Pass. MG K — BRI Se 5 350, s SUNER:
(& 1(a)), HARHS A (K 1(b). RHE G 772 B 200772 (SIMPLE) 3K fil — Wik FE 445
WA, SR BN ) %018 (SST) k-oo iR . R 2 2 M R (MRF) JVEXN SRR e Fe g AT I . Jie e
SRR B[R S SR B B OB A A, AR EREA L, O E TR (BE BT N
HATWRL %M. TR K IPERE, KA R i 0 e e 1 5 2y 35,000 r/min, i 2
kO R R E, e IR R E SRR 2k .

K ARG ML BT AT RS R 23 o B SEEAT AR TOSGMESRAIE , PSR IR W I8 AT LA R (i
35,000 rmp/min, JitE 1.75 L/min)#5f%. 450K, WIS EHEEMAE 1%AKN, AT LA IS N
XA WEN, AR AR S E R IRRSERE. K 1 NARMNEEE SRR ERLR,
HApERMENE Xy F— M L= MR RN ZEE S E— R0 E S, Wk 1o,
BEE PR B ASBT I,  DARAR BB 208 280 3R A N HE, $AREEETIR ST 88.5 mmHg.

Table 1. The number of different grids and the change rate of head
1 TEMEHESHRETUE

P A 1,014,239 1,369,674 1,837,516 2,259,782 2,801,490
P /mmHg 94.2 91.5 89.4 88.7 88.5
BT R % 3 24 0.9 0.2

055 02 LR SR, DORBRGR IS - 1) BT Wil sk = 35N T 1072, 2) Y R A3k B Ra g K
3) HEH DR EARNT ZE /T 5%. FHUE, MKSAA 5 B BT DI N F3(WSS). A= BT V)N 77(SSS)
FOVE MLAEHF o

Figure 1. 3D model
B 1. =48

DOI: 10.12677/ijfd.2023.114010 105 PRS-


https://doi.org/10.12677/ijfd.2023.114010

ESCa

22. BHYIN S

A4 # BT ) 5 /7 (non-physiological shear stress, NPSS) [6]I\ NS AAZL40M, SEUAML[12] [13]-
I, NPSS 73 A AR AR RO 52, P9 iAKCF s . A 7 HRBOX = FpmHse s ik g8, w st
SRR RIS T I WSS 43 DL -6 Jo] Bl A4S ) SSS 43 Ao IR NN A =4k, R
TG BTY) N 5k 8 — AN SR N hr E A B [14]
1/2

1
SSS=r7= g;(rn_fﬂ)%;ﬁ? L)
Horpr o RN ¢ ARRVINTy, QAR VIR A VIR o

2.3. BmiEH

R T ML AN IR shid R v BTz B R V) R ) S R 1) 2 (8] 9% 22, Giersiepen 5[ 1530 i 7 11 523615
B 7 v IAE 5 BT AR s A ) R RR O R
HI = AHb/Hb =Cz“t” )
Horb, Hb AR MR P B3 M40 A &8 (Hb = 140 g/L); AHb A2 i S S0 ik o i B & A i1 n &
(g/L).
Garon Z55ET X h 42 RZ S 7 FR4R N T — Rt o = 24 B 45 5 A bR v i A 1 O . XUt & Alis
TR

0 o '
(va) D, = HI ®)

Kb, VEERE: D SHEEMIEE: HI: SR A AR .

HI'=(C*SSS)"” »t [16] [17] [18] @)
D, = HIY# ©)

D) 1 3R AR AR S T3 2R M 3 I FR RO -
ﬁlzéle’dv (6)

Jorf C = 1.228%10°, o= 1.9918, f=0.6606 NiASNSLIGAH RAL[19]. BiJE, HI B[54 (D,) . ¥
IAE B Ak A RRUE ()75 1f 5 % (Normalizad Index of Hemolysis, NIH):
NIH = Hb* HI *100 @

N K Fe VPR #EV 1L A% NIH = 0.1 9/100 L [20]
3. IhEZERS
3.1. B A

MR AE T W RERAE 24 T, B T H 5 i i el , W] R 7= A ik 2 500 Pa 1) NPSS [21] [22].
2, & 3 JHUE oA (35,000 r/min, 2.5 L/min) S M40 R 1 AN 76 _L ) WSS 73 Afi o ZLEIX 45y WSS
{5 T 500 Pao. F#AAT(Z0 ) X Sbl A IAERC B L8, Wi G DU AN . il gk WSS KT A
Mo XAECMEeEEAE MRS, FEREH =4 B2 s s 2, S WSS,
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Figure 2. WSS distribution on the impeller of a two-blade (left), three-blade (middle), and
four-blade (right) blood pump
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Figure 3. WSS distribution on the two-blade (left), three-blade (middle) and four-blade (right)
pump housing

3. SR (%), SHE (BB K ()R L WSS £7

AT B EE R KT WSS XI5 52, A 5T ags T RN R M0 S5 EEm s WSS (WSS
KF 500 Pa) X4 HI AR KN 7% 2 /R T =R 43R 1 WSS KT 100 A1 500 Pa [ THI AR K /)N

Table 2. WSS area of impeller surface
2. MieE wss @il

TE A (mm?)
WSS (Pa) -
ZHA = A gy
100~500 50.9 64.0 67.0
>500 18.7 185 26.0
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Table 3. WSS area of pump housing surface
3. RFRE WSS HR

A (mm?)
WSS (Pa)
TR = DU F
100~500 87.3 89 80.5
>500 8.7 5.6 5.98

I TOLN = 6 2% MR8 I R Sl 38 i 17w A1 TS A4 SSS REER Al 4 iz - X LR (1751 SSS (>500
Pa) AR AR R ARAL, 0 AT FEIE P, e A& TR BEUNT S 11 38 23 o
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Figure 4. SSS distribution on the impeller of a two-blade (left), three-blade (middle), and
four-blade (right) blood pump
B 4. ZMAE). =AM &) DR E8 SSS 57

P4 REE T IEREMR 1) KT 100 Pa, 2) 7E 100~500 Pa 2 [8], 3) =T 500 Pa =FhBIRN f17KF
TREMMEEE .

Table 4. SSS volume distribution
2 4. SSS R

(%)
SSS (Pa)
—mth —mh —mh
<100 84.8 84.8 84.8
100~500 14.9 14.9 14.9
>500 0.3 0.3 0.3
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3.2. FAMMEE
3 5 NS IR T R s E. ¥/ AR BCR e vrE 40y 0.1 /100 L, £F

o = A MR .
Table 5. NIH for three pumps at flow rates of 2 L/min
5.2 L/min BORIERT, =EREY NIH
A =0t P
NIH 0.07 0.05 0.08
4. Wig

6T 10 Pa HYBTYI R /)4 AR Iy A= BB IR /) (PSS), 33X £ 4 WAL 451 103 Bre /N BRI 100 1 i BE AR 2 HO B 1)
NiJj. #H/%, 10 Pa % 100 Pa 2 [H] ) NPSS #{ I\ AR 2L 4, ] geff IR nT A, SN EH
MHR[23]. Ak, =T 500 Pa () NPSS AJ fE 4L 4 AN ar i i 22, SBua & AR g d, S
FF M. Rk, FEFIX—RE, SHris N WSS IRV SSS R F. s SSS (>500 Pa) /i (7 B 54
=1 WSS (>500 Pa)ifr BAHC, il 2~4 Fion. —Fhit4e HAT AL WSS Fil SSS 3 ik, #miK-F i1
BYPINF7(>500 Pa)fr T4 5 DA i JR 2k il A 1 X 3. 5 F =i QR Py B b e 2, 7R K
PRI 22 1 B D) S XA TR A 2R, X b 3 55 18] 4 g IR, R 5 B WSS TR (>500 Pa)
FRSH AN TR RS XEF S R — R8s, FEBKEEY, Mot gftibn, mAam
TR 2, T80 WSS, FEEUX ELIE R SSS XIARFA AN, R I = J xQH48 Y 1) B A
XN

R4 CFD TR HI A1 NIH, DYy 50 22 s PR Re i 22 . ARER T X0 A=, BT
WSS X IR A (FEARAIT L) = SSS XIRARFATE K. XA REAZ T 2 1k i, S EUME R & (A
B, KN NPSS TR R, MR M. wimk 5 (e 5 A 5 =k Fr s A L)
JE SR R AN D I R (BAETESERISEES b, B M RE R AT = A A . SRR ST
R, R YLLK, S SCR MRS, AT R AU RE[24] . SRTH, TEANHT T H 2% T IR
(IR o R TSNS & FT 3, 05 IR gk AT S A0 3 S B 156 100 R 7 20 A

5. B4

THEEAR SN 1A 0 SN T I M AR BT A b i R ke 2 AR F

1) AHEFTSRAE T il ol A i b i 2 (AN R 50 ) £ L 3 AR 2 AR TR (R s 48 A AT I AR R
MIRAL. BEFURN, fEEAR 5 mm [HR N, i e v e E s i R b T o et futks,
MFE NI ZERLIN GBI B SGE, RAMEREILER WSS Rl SSS #AH Ff#AX, M=y Mt 53 2
ol o I A B T e e R ot e o P R R T

2) W ER AT IR A DL, R LN, AR EOCSE A N A R
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