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Structure improvement of mixed flow blood pump based on
numerical simulation

XUBin**,  LUOJiping”,  HUANG Diangui"?

(1. School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China; 2.
Shanghai Key Laboratory of power energy in multiphase flow and heat transfer, Shanghai 200093, China)

Abstract: The high rotational speed of the axial flow blood pump and flow separation of the centrifugal
blood pump are the leading causes of blood damage in the blood pump. Nevertheless, the mixed flow
blood pump can effectively alleviate the high rotational speed and the flow separation. Based on this, the
three-dimensional flow simulation of a closed impeller mixed flow blood pump was carried out by the
computational fluid dynamics method. The blood pump performance with different blade numbers and
thicknesses was investigated. The blood pump flow characteristics and pressure distribution were
analyzed. Based on the hemolysis power function model, the Lagrangian particle tracking method was
used to predict the blood pump hemolysis performance. The structural parameters with excellent
hydraulic performance and hemolysis performance were obtained. The results show that the lift is closer

to the expected design target when the number of the blades is 5, and the thickness is 0.8 mm, which
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ensures the pressure demand of the blood pump. The hemolytic index is reduced by 14.65%, and the

thrombosis is effectively reduced. There is no backflow or flow fixed vortex zone due to uniform and

stable internal flow. The cavitation intensity is effectively alleviated due to the reduction of low-pressure

area at the blade entrance. The research results may provide a basis for the structural improvement and

performance evaluation of the closed impeller mixed flow blood pump.
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Fig.1 Mixed flow blood pump model
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Tab.1 Characteristic parameters of mixed flow blood pump
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Fig.2 Simulation region of the mixed flow blood pump
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Fig.3 Schematic diagram of meshing
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Tab.2 Grid-independent verification
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3015000 107.76 80.63
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Fig. 5 Lift of mixed flow blood pump with different structural
parameters

2022 4F 5 44 4
84 - M HJEEE=1.0 mm
-0~ M} JEJE=0.8 mm
. A= 1} 5 R EE=0.6 mm
< 80t
& 78l
76 |
74 . . . .
3 4 5 6
A

Elo ARZHSHMERXMRMETL
Fig. 6 Efficiency of mixed flow blood pump with different
structural parameters
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Fig.7 Shear stress changes of erythrocyte particles
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Tab.3 Verification of trace number independence
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Fig. 8 Distribution of hemolysis index with different

structural parameters
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Tab.4 Performance comparison of mixed flow blood pump
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Beig 5l 101.57 81.63 4.26x10°°

PR DRI, AT TR 3 2R e T A ot i £
Jede R, Bt R R D eRA s, A BT
PR LA REa AT s SO JE Y I 2R I 4 X

K 1 4.99%107° Uk 2> #1] 4.26x10°, . B B [ A%
14.65%, BENE A SFARKT ML £ 40 i Pt 40, 3k
WAL B A5 o

P 10 Sy 25 Fa A 70 ol 0 17 I A6 AN [] b i Ak s g
S K. ATLVER], FE0 Rk O AR R AG
JEX, XS EARE A Y it
i, AR X AR N, XA — o R EE L REAT A
FfR ARG A, BRI B R, 3
Jon i 2 25 044 FH A A

JE/1/Pa JE71/Pa JE/1/Pa
2.50%10* 2.50%10* 2.50%10*
2.25%10¢ 2.25%10¢ 2.25%10¢
2.00x10* 2.00x10* 2.00x10*
1.75%10* 1.75%10* 1.75%10*
1.50x10* 1.50x10* 1.50x10*
1.25%10* 1.25%10* 1.25%10*
1.00x10* 1.00x10* 1.00x10*
7.50%103 7.50%103 7.50%103
5.00x10° 5.00x10° 5.00%103
2.50x10° 2.50x10° 2.50%10?
0x10° 0x10° 0x10°
10% 75 50% M5 90% I #5
(a) MR ECH 6, B IR 0.6 mm
Jt71/Pa Jt71/Pa Jt71/Pa
2.50x10* 2.50x10* 2.50x10*
2.25%10* 2.25%10* 2.25%10*
2.00%10* 2.00%10* 2.00%10*
1.75%10* 1.75%10* 1.75%10*
1.50x10* 1.50x10* 1.50x10*
1.25%10* 1.25%10* 1.25%10*
1.00x10* 1.00x10* 1.00x10*
7.50%10° 7.50%10° 7.50%10°
5.00%103 5.00%103 5.00%103
2.50x10° 2.50x10° 2.50x10°
0x10° 0x10° 0x10°
10% 75 50% I 90% I i
() M FECH 5. RS 0.8 mm
E10 MHMEHSH
Fig.10 Pressure distribution in cascade
A ) » — N N N
3 & it W FbR, TS IET; W MAE R T T 14.65%,

AR SC AP A Fe R R X 2R P 4, R
FHEUE AL, T IE I TEAS ) i 7 800 - e J52 B2 Xk i
Ui L 2R 7K g P e B LR RE B2, 7R BT E S
AL I N3] T LR 458

a M AR R RES 345 KO A R
F8 5 S BN S e g, i S R B
AR VT 4 W, L T A BT R A 545 AR R
ANy RO S FI 6, WA AR, B
T A AR Bl A oK

b. it F 8O 5. MR 0.8 mm B, R
MBI LRI, R B A R S AT 5

T A S AR LI A A A7 5 o A R X3k
AN, ARCE TSGR A RS AR
T, ARMBEI . WL SRR, A R 1k
11 zcyaa o

o BIFHAN L, Bt /am A BCE A, R R
JERER, XA —E TR L AB S A (R il 3t I T A xf
J&E R AR

B3k

[1] GOPINATHANNAIR R, CORNWELL W K, DUKES J
W, et al. Device therapy and arrhythmia management in

left ventricular assist device recipients: a scientific



252

Bl TR A R

2022 4F 5 44 4

(2]

(3]

(4]

(5]

(6]

(7]

(8

[}

(9]

[10]

[11]

statement from the
Circulation, 2019, 139(20): €967—989.

=8, B, A oF. MRV I RFSE R [7]. AR R T
5T, 2011, 30(3): 194-198.

WU J C, ANTAKI J F, VERKAIK J, et al. Computational
fluid dynamics-based design

American Heart Association[J].

optimization for an
implantable miniature maglev pediatric ventricular assist
device[J]. Journal of Fluids Engineering, 2012, 134(4):
041101.

ZESR, MAT, MR+, 5. X FRE I RERTE B0 A0
JUFE i 0 R A g 2 R (0], P T BT AR AR R
2017, 23(13): 14-16,26.

ZEVK—, W, 22 LAV, A5 RN 5 A A S 1 I
¥ 09 B 5T 7). AE W BE o TR 2 2R i, 2002, 19(3):
479-482.

WU Z J, GOTTLIEB R K, BURGREEN G W, et al.
Investigation of fluid dynamics within a miniature mixed
flow blood pump[J]. Experiments in Fluids, 2001, 31(6):
615-629.

SHU F J, TIAN R J, VANDENBERGHE S, et al
Experimental study of micro-scale Taylor vortices within a
Co-axial mixed-flow blood pump[J].
2016, 40(11): 1071-1078.

T I G, vk —, 22 LA, A BRI I 5 A F I B LS g
W5 ). LAY BE2E T AR, 2003, 22(2): 136-139.
ARVAND A, HAHN N, HORMES M, et al. Comparison
of hydraulic and hemolytic properties of different impeller

Artificial Organs,

designs of an implantable rotary blood pump by
computational fluid dynamics[J]. Artificial Organs, 2004,
28(10): 892-898.

W, BT, VR TR 0 2R i B R e T R
M 0], AW E2F T RE2E 2%, 2020, 37(2): 296-303.

OLIA S E, MAUL T M, ANTAKI J F, et al. Mechanical

blood trauma in assisted circulation: sublethal RBC damage

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

preceding hemolysis[J]. The International Journal of
Artificial Organs, 2016, 39(4): 150-159.

LIU G M, ZHOU J Y, SUN H S, et al. Effects of cone-
shaped bend inlet cannulas of an axial blood pump on
thrombus formation: an experiment and simulation
study[J]. Medical Science Monitor:International Medical
Journal of Experimental and Clinical Research, 2017, 23:
1655-1661.

MALINAUSKAS R A, HARIHARAN P, DAY S W, et al.
FDA benchmark medical device flow models for CFD
validation[J]. ASAIO Journal, 2017, 63(2): 150-160.
KHAN T I, ZAD H S, LAZOGLU I, et al. Development of
a novel shrouded impeller pediatric blood pump[J]. Journal
of Artificial Organs, 2018, 21(2): 142-149.

WANG F Q, WU Q L, JING T, et al. Flow patterns and
shear stress investigation and in vitro studies of blood
pump[C]//2010  3rd
Biomedical Engineering and Informatics. Yantai, China:
IEEE, 2010: 269-272.

YAMANE T, IKEDA T, ORITA T, et al. Fluid dynamics
of turbo pumps for artificial hearts[J]. Materials Science
and Engineering:C, 1996, 4(2): 99-106.

TASKIN M E, FRASER K H, ZHANG T, et al. Evaluation
of Eulerian and Lagrangian models for hemolysis
estimation[J]. ASAIO Journal, 2012, 58(4): 363-372.
TORNER B, KONNIGK L, WURM F H. Influence of
turbulent shear stresses on the numerical blood damage
device[J]. The
International Journal of Artificial Organs, 2019, 42(12):
735-747.

BLUDSZUWEIT C. Model for a general mechanical blood

Artificial 1995, 19(7):

International  Conference on

prediction in a ventricular assist

damage prediction[J].
583-589.

Organs,

(4il: & )


http://dx.doi.org/10.3969/j.issn.1672-6278.2011.03.016
http://dx.doi.org/10.3969/j.issn.1672-6278.2011.03.016
http://dx.doi.org/10.1115/1.4005765
http://dx.doi.org/10.3969/j.issn.1006-6586.2017.13.005
http://dx.doi.org/10.3321/j.issn:1001-5515.2002.03.032
http://dx.doi.org/10.1007/s003480100308
http://dx.doi.org/10.1111/aor.12663
http://dx.doi.org/10.3969/j.issn.1002-3208.2003.02.016
http://dx.doi.org/10.1111/j.1525-1594.2004.07379.x
http://dx.doi.org/10.5301/ijao.5000478
http://dx.doi.org/10.5301/ijao.5000478
http://dx.doi.org/10.1097/MAT.0000000000000499
http://dx.doi.org/10.1007/s10047-018-1028-3
http://dx.doi.org/10.1007/s10047-018-1028-3
http://dx.doi.org/10.1016/0928-4931(96)00139-7
http://dx.doi.org/10.1016/0928-4931(96)00139-7
http://dx.doi.org/10.1097/MAT.0b013e318254833b
http://dx.doi.org/10.1177/0391398819861395
http://dx.doi.org/10.1177/0391398819861395
http://dx.doi.org/10.1111/j.1525-1594.1995.tb02385.x
http://dx.doi.org/10.3969/j.issn.1672-6278.2011.03.016
http://dx.doi.org/10.3969/j.issn.1672-6278.2011.03.016
http://dx.doi.org/10.1115/1.4005765
http://dx.doi.org/10.3969/j.issn.1006-6586.2017.13.005
http://dx.doi.org/10.3321/j.issn:1001-5515.2002.03.032
http://dx.doi.org/10.1007/s003480100308
http://dx.doi.org/10.1111/aor.12663
http://dx.doi.org/10.3969/j.issn.1002-3208.2003.02.016
http://dx.doi.org/10.1111/j.1525-1594.2004.07379.x
http://dx.doi.org/10.5301/ijao.5000478
http://dx.doi.org/10.5301/ijao.5000478
http://dx.doi.org/10.1097/MAT.0000000000000499
http://dx.doi.org/10.1007/s10047-018-1028-3
http://dx.doi.org/10.1007/s10047-018-1028-3
http://dx.doi.org/10.1016/0928-4931(96)00139-7
http://dx.doi.org/10.1016/0928-4931(96)00139-7
http://dx.doi.org/10.1097/MAT.0b013e318254833b
http://dx.doi.org/10.1177/0391398819861395
http://dx.doi.org/10.1177/0391398819861395
http://dx.doi.org/10.1111/j.1525-1594.1995.tb02385.x
http://dx.doi.org/10.3969/j.issn.1672-6278.2011.03.016
http://dx.doi.org/10.3969/j.issn.1672-6278.2011.03.016
http://dx.doi.org/10.1115/1.4005765
http://dx.doi.org/10.3969/j.issn.1006-6586.2017.13.005
http://dx.doi.org/10.3321/j.issn:1001-5515.2002.03.032
http://dx.doi.org/10.1007/s003480100308
http://dx.doi.org/10.1111/aor.12663
http://dx.doi.org/10.3969/j.issn.1002-3208.2003.02.016
http://dx.doi.org/10.1111/j.1525-1594.2004.07379.x
http://dx.doi.org/10.3969/j.issn.1672-6278.2011.03.016
http://dx.doi.org/10.3969/j.issn.1672-6278.2011.03.016
http://dx.doi.org/10.1115/1.4005765
http://dx.doi.org/10.3969/j.issn.1006-6586.2017.13.005
http://dx.doi.org/10.3321/j.issn:1001-5515.2002.03.032
http://dx.doi.org/10.1007/s003480100308
http://dx.doi.org/10.1111/aor.12663
http://dx.doi.org/10.3969/j.issn.1002-3208.2003.02.016
http://dx.doi.org/10.1111/j.1525-1594.2004.07379.x
http://dx.doi.org/10.5301/ijao.5000478
http://dx.doi.org/10.5301/ijao.5000478
http://dx.doi.org/10.1097/MAT.0000000000000499
http://dx.doi.org/10.1007/s10047-018-1028-3
http://dx.doi.org/10.1007/s10047-018-1028-3
http://dx.doi.org/10.1016/0928-4931(96)00139-7
http://dx.doi.org/10.1016/0928-4931(96)00139-7
http://dx.doi.org/10.1097/MAT.0b013e318254833b
http://dx.doi.org/10.1177/0391398819861395
http://dx.doi.org/10.1177/0391398819861395
http://dx.doi.org/10.1111/j.1525-1594.1995.tb02385.x
http://dx.doi.org/10.5301/ijao.5000478
http://dx.doi.org/10.5301/ijao.5000478
http://dx.doi.org/10.1097/MAT.0000000000000499
http://dx.doi.org/10.1007/s10047-018-1028-3
http://dx.doi.org/10.1007/s10047-018-1028-3
http://dx.doi.org/10.1016/0928-4931(96)00139-7
http://dx.doi.org/10.1016/0928-4931(96)00139-7
http://dx.doi.org/10.1097/MAT.0b013e318254833b
http://dx.doi.org/10.1177/0391398819861395
http://dx.doi.org/10.1177/0391398819861395
http://dx.doi.org/10.1111/j.1525-1594.1995.tb02385.x

	1 数值模拟方法及验证
	1.1 闭式叶轮混流式血泵几何模型
	1.2 数值模拟方法
	1.3 数值模拟方法的实验验证

	2 不同结构参数对混流式血泵性能的影响
	2.1 模型建立
	2.2 水力性能
	2.3 溶血性能
	2.4 流场分布
	2.5 模型改进

	3 结　论

