378 H 10
20204F 10 A

] BRI 2
Chinese Journal of Medical Physics

Vol. 37 No.10

October 2020 _ 1281 -

DOI:10.3969/j.issn.1005-202X.2020.10.012
E TS MRz IRE

MRtk , =%, A @
HRE RAHLE TR, RS 110 410083

EFETAREESNE

I E =R

[FEEIAL SIS AN FEL N, BTS2 A TSR X486 — KB . B 8058 B LA Al 41 20 84
SEE A BALRE AT SR AR E AT A AR . AT RA TS IR 12 2 6 R I O, 28 ) A Solidworks 244
# I AR RN R 6 = Yy BAERL KRG AT ANSYS Workbench 2R 4 5 ofe R HAR AT HORFS SR ES G A, IR T ZT4%
LAARMEAA o R bk R F I m A BRI LA AR T R BOA B iR T R BT e R B iR BARIR ok, R A
B, A i R R AR dn B R G ATAR T, 38 08/ 8 T SR 4 AR FAAEL | AR A5 3k 7T A 2 AR e R BARIR A, o TR A R e ik 5
BB Ry TACT o R EARIR G F R 2,

[ €88 | 4R X e & 5 1B E 945 A5 B FH A B & fui 3i4h s RAAS 4

[FESZES]R318.1 [ EktRERRG A [32E%S]11005-202X(2020)10-1281-06

Analysis of factors affecting axial flow blood pump temperature rise based on thermal-flow coupling

CHEN Honghuan, YUN Zhong, HU Jiyu

School of Mechanical and Electrical Engineering, Central South University, Changsha 410083, China

Abstract: Artificial heart has entered the stage of clinical development, and hemolysis is a major problem restricting the long-
term application of artificial heart. Abnormal temperature conditions will change the normal physiological function and
morphology of red blood cells, thus affecting blood oxygen-carrying capacity. To study the temperature rise of artificial heart
during normal operation, a three-dimensional simulation model of axial flow blood pump is established by Solidworks
software. Then the simulation of thermal-flow coupling temperature field of the blood pump is carried out based on ANSYS
Workbench software to explore the effects of different levels of stator winding phase resistance, rotate speed, air gap thermal
conductivity between the stator shell and pump casing, and the thermal conductivity of blood on the global temperature rise
of the blood pump and blood. The results indicate that under the premise of supplying adequate blood, the appropriate
reductions of stator winding phase resistance and rotate speed can effectively reduce the global temperature rise of the blood
pump, while the changes of the thermal conductivities of air gap materials and blood only have trivial effects on the
global temperature of the blood pump.

Keywords: axial flow blood pump; temperature field simulation; factors affecting temperature rise; blood damage; thermal-

fluid coupling
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Fig.1 Structure of axial flow blood pump

1=0.0003n-1.113 (8)

0 = 0.000 61 - 1.694 (9)
221 Fluentima A ESEIEE W TIRE ST
{14 XoF 488 T R B8 A S ) i AR A 3 43 B ) st
A 4 AR 52 A Fluent 152 B0 B (1) BRI
B AR k- SRS AT IR AR A (2) AR}
JE PR 43 5B IR o3 MRS, T s A
R, HA KRS E S R 13 ] B W3R 1R ;

(3) #hfny S il RIS AR5 Bl T 3 T
£94 000 mL/min, B & A K7 0.308 m/s, i
37 °C, 3 11 251415 B A outflow ; 15 B 46 5% 2 X 5
iz 8 25 7l “Moving Reference Frame” , % # "k 9 000
r/min RIS 731 B R AR BRRR AT 75 “Mesh Inter-
faces” H IR B[] - [T 42 fjl 17D R0 3 - [ R 5 AL T, 22
T fh vy s AR

F1 MEEBVAMRFESH

Tab.1 Material characteristics of various parts of the blood pump
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il Si,N, i % 12.56 3 440 710
IKWERE T RN, 6.16 7 885 430
R Ti, 22 4500 520
I 0.547 1 1050 3840
EFEL DW310-35 21 7 650 446
2k il 385 8933 385
#2527 ESTiRES 0.217 1000 1805
£ 7N 6.8 4510 611
B 25 0.027 1.29 1007

2.2.2 Thermal EMKISREZ T ESHIZE (DA
JE R AR R 1 DR S B A AR 4%
R B BE IR BRI LAY 5 (2) A& R 43« R
FR G0 H A 3 2 RS 3 A A R A%
YAk 5 (3) B B3 FEA A8 - I A G 1 43

BT AR e 48 P25 SR SO, TR 4530 43 A AR AR AR
A BRI R ECH 142 W/(m*-°C), 5L
BEW A 37 °C, THR R A, 49 20 1M 28 1R R 530 A i i
T S 53 A WL 2 i

it 2 IR e R DX Gk 3] 49.635 °C I K 7E



- 1284 -

N e

6 37%:

49,635 Max
4823
45827
LEYE
44019
42516
a212
39.508
3BAM4

37 Min

a:MFBEH 5 E

4 4005e+01
4.3650e+01
4.3294e+01

¥ 420308401

4.2584e+01
4.2229e+01
4. 1873e+01
4.1518e+01
4.1163e+01
4.0807e+01
4.0452e+01
4.0087e+01
3.9741e+01
3.9386e+01
3.9031e+01

| 3.8676e+01

3.8320e+01
3.7965e+01
3.7610e+01
3.7254e+01
3.6899e+01

b: RAMZREH T

2 MRRMEREHDHE
Fig.2 Blood pump and blood temperature field distribution
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Fig.3 Effects of rotate speed on blood pump temperature field
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Fig.4 Effects of stator winding phase resistance on blood pump temperature field
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Fig.5 Effects of the thermal conductivity of air gap materials on

blood pump temperature field
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Fig.6 Effects of the thermal conductivity of blood on blood pump temperature field
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