EREMAE #3115 F2H 20165£4A
Journal of Medical Biomechanics, Vol. 31 No.2, Apr. 2016 117

XE 4 S :1004-7220(2016)02-0117-07

B ENLE REHRENFHH

HFEL, KO, G
(B e R R MLBE TR 2B , B 310018)

WE: BW P MBURAE A N 12 B R LS SRS MR R, Ak DU 45 25 b i i ik b )
L SR S | K= A T A o B o e B 2 e L O I I ) R/ a e I T 1 Y 07 A = e
T BB T ik, il a5 0 S 4B R E SR A B O R, R R EE TR AR B OO 2
WORORLAR AR Z 0GR LR IG A2 PRAERT RAR SR ENCR, SR FEB ISR AR R, i
WA 5 R 8 IR R LT e E AR AR R E L, EFHE 0 In RS TR s sh G ALk, g shizssh
G RLAF IR o i T AR &, R AR S ETHE 8. BEE T I, — R4 10 JURE AT LA
1512 shad P B 4lVR 30z ol 7R T AR T IS TE T & e i 1k o 1A S e PR 0 1) b7 A% T SB0R 1) 5 i 285 B 32
Xof 245 Py A 3 o IV 2 B R AR A R G

KR OB M RS2y BETE

FESHEKE: R318.01 MHFRERG: A

DOI. 10.3871/j. 1004-7220.2016.02. 117

Mechanical analysis on single micro-particle motion in blood vessel

XU Xiao-hua, CHEN Kai, XU Quan-wei ( School of Mechanical Engineering, Hangzhou Dianzi
University, Hangzhou 310018, China)

Abstract; Objective To analyze the force condition for the single micro-particle in blood vessel and the factors
that influence its motion. Methods By simplifying the fluid flow in blood vessel as the Poiseuille flow in parallel
plate flow chamber, the micro-particles in blood vessel during targeted drug delivery were studied. Specific meth-
ods for calculating each force subjected on single micro-particle in the flow field were analyzed in turn, and the
motion equations of the single micro-particle were determined through calculation of its force balance and torque
balance. The relationship between the force subjected on the single micro-particle and the particle diameter/flow
rate as well as the relationship between the particle diameter and flow rate under critical motion conditions were
then obtained by numerical calculation. Results The single micro-particle was more susceptible to the motion of
rolling, sliding and ascending with the increase of flow rate and particle diameter. In flow rate and particle diame-
ter diagrams, the critical curve of ascending motion was located above that of sliding motion, while the rolling
curve was located at the bottom. Conclusions The micro-particle will not ascend under the condition of blood flow
rate in human. As the blood flow rate reduces, the motion of micro-particle with given diameter will be transferred
from sliding to rolling, and even entirely still under the condition of elastic deformation. Therefore, the proper se-
lection of the mirco-particle diameter and its surface adhesivity is critical for the drug particle successfully to trans-
port to the target location.
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Fig.1 Simplified equivalent physical model of the blood vessel
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Fig.2 Model of micro-particle(a) and adhesion model on the base

plate(b)
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Fig.3 Force diagram of the micro-particle (a) Without elastic

deformation, (b) With elastic deformation
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Fig.4 Force curves of the particles with different diameters

(a) Without elastic deformation, (b) With elastic deformation
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(a) Without elastic deformation, (b) With elastic deformation
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