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Internal flow characteristics and energy entropy production loss in high shear stress field of
blood fluid devices
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Mechanical and Electrical Engineering, Henan University of Science and Technology, Luoyang 471003, China; 3. College of
Mechanical and Electrical Engineering, Central South University, Changsha 410083, China

Abstract: Excessive shear stress-induced blood damage and hydraulic efficiency loss are common in blood fluid devices,
which limit their ability to achieve safe, efficient, and stable long-term operation. Investigating the internal flow
characteristics and energy entropy production loss under high shear stress can provide support for the research and
optimization of devices. A nozzle model that can simulate high shear stress flow is designed and modeled, and both
computational fluid dynamics for numerical simulation and particle image velocimetry for visualization experiments are used
to analyze internal flow characteristics, shear stress, and energy entropy production loss. The flow characteristics associated
with high shear stress and energy entropy production loss are investigated, and the correlation between entropy production
loss and shear stress is analyzed. The study concluded that velocity gradients is a major factor causing high shear stress, and
that local high flow velocity is not directly associated with shear stress. The energy loss in high shear stress flow fields is
mainly derived from turbulent entropy production, and the turbulent entropy production at the mainstream section accounts
for 97.7% of the total entropy production, mainly distributed in vortices and the regions with drastic changes in flow. The
flow field energy entropy production and shear stress have obvious correlation and consistency in the distribution state and
change trend. Suppressing the flow field velocity gradient can significantly reduce the flow energy loss and shear stress-
induced blood damage.

Keywords: blood fluid device; computational fluid dynamics; particle image velocimetry; shear stress; entropy production

analysis

[ #s B H812023-04-24

[BE&m B ) EF [ ARRFERE4S (52175263 ) s T A L ARRLF 542 (20221740504, 20211330759) 3 IR & ZF ) TRFEAFFE I H (21C0206) 5 i B4 7
SRR RIS H R (22A460017)

[VEZ A I 4k, Tt A2 S0, BIFSE 07 18] « IR M I 45 e B, U0k 22 AT B A4 15 5258, B-mail: yzq01113@163.com

[EEMEE DR, 14, 144 0, E-mail: jptan@csu.edu.cn



- 1296 - rhE R AR AR AR 55408
BB P 5 SR R R B 7 1% A LRI AR 5 4 1 9 S U 3 R

BERR BB AW | A N TR -5 a3
T A5 LT D AT B2 Ml T 4% 2R R
7 AR DT A B 5 A A B T AR T
2, N TR A8 4 9 PR B 3l B 2% 5 Al 2
it 10 3 B 1 e e B S I I YR K L 3 U0 i
F R JIPERE AR 8T 2R 10 HL2x N A i 9 1o JEE
EIRONATTRORI IRl S35 At R E V)N A D
T L A B 1 K 80 W AR R {3 1
B2 H BT FE S SRR E A

ML A 1 1 R P LA ) A 7 5ok i
6 g A IR B, X S il A R S A R AR A
BRI BPIR A5 M A A v o e i S YD 0 ) 2
e I LA A, 3K e o 24 15 A S BRI M A IV
AR SR LV AR TS 45 F) v B9 LTI 3 7 v i e 5l
TR B 2 o AL I T A O A 5% A A X BT ]
IO WA A AN A R B T 2 RS
HE) B BB REALL 20 A, BT 1 T 00 5 e S B 2 0]
BEDIIN I3 A5 B9S2 L Gil S5 BIF SN e i
FHER 3 vt ) B A AT 00 A5 Ak BTN g
P20 o v BT VDN ) 3 0 R 3 S 45 4
b, FLA 2 i 3y 7 A 1) RE B 4 2K 2 I AR s UK
THR el R AR E R S R AR R A
RE T8 7™ 158 2% 20 Ml R HIOHL b fE R 40 O S D A
SR AL . B ELSEAE R AR T e R AR
ANTFELE AT T e % i 2 2 DR AR DG i 4k
Ao Wu S SE I e R R I A R AT T
GG TSN U SR N R S € G I Y R 2 VAP
5 ) i SR A 35K T BB AR R S0 R 2 ) RE
D SO o O L LRI DA N | R AR SRS e 8=k L T U
R IR ok — A5 AL 9 A R A PR BRI AL 5 o Y
Kt

ML A B o F 52 7 0 2 AL AR B R ADL LK
FIPERE S M S5 S S T AL SR A
TR 127 (CFD) BUELASDUR: H AT 3% 20 7 b

PR BT B DR IV A5 45 T 55 2 4 ek £ Ak S
JrE Rz [l JE T CFD 45 Rl n] SE i i%
U Re B R SRS b R RE 1
MU, eI S 2 K I HERE AR IR A ki
G 3 (PIV ) & —Fi nl WAL 1) 3t 3 52 50 F- B, mT LA
SEELAEAS T I3 0 LR I U SR A R A
WA AU v IR AL S 06 25 A E By k0 2R
b AR SCR ] CFD BB LU PIV SE 50 AH S 5 10 5
Bk R B YT 1R R A R A TR S A AT

IR 3 A 1 25 U 7 1) v B BTz 0 X6 I e 46340 5
IK IR A AL AR R W), H Y B 5 e =[] B %
JE BT VIR 77 5 i 0 7 45 2 B LG R o X it
AR SCRIFFE SR FH CFD BUE AU PV Rl HLAk S5 56 AH 25
B BT BT T AL B D) RS Y e A
GERLRY TR = BT YT 1N 9 R R B
G R B YT T RS O TR S RRAE , R AT
R 7= 5 2k 55 55 DR T 18 S IR, by I I AR
PETEAK 7805 | AV IV 5 Y0 1 g 0 43 B AL 3 S
BEHHEARS%,

1 FsmiE S ERY

1.1 BiEER

FR A B 92 75 5K, AR SCaE S 1 — ] B I i O
AR 5 1m0 BY VDN ) I g ) A AR TR 5 2 Mo A A Y
P56 B & oah 25 o IR E 8 B (Food and Drug
Administration, FDA ) TA UE 19 il B A JE o iff 538 4
Y N v s = VAL Lk = R e R S AN
SRy B A N B R 2 B 38R LT R A
/N R HE BT TR 38 AR R B i T
it TR RS DR/ N g R S 2 B B S DA T A7 DA
BRI A B B WA TE FE IR B S OIR S
S BRI TR AR A B 3X 0 7 AR T B U) E
LS E S N IR S SR S = Rl ]
MR

B

i 4 Fm 2 P 7 39 47 51 77 4047 2 340D
: 32 mm : 100 mm
HOBRERE [
(10 mm) WO g7 IRBHE
(6 mm) (16 mm)

1 SEYINABERE

Figure 1 Nozzle model with high shear stress
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Figure 9 Turbulent entropy production rate distribution on radial section
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