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Fig.2 3D interstitial fluid model of inter osseous membrane
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Table 1 Physiological parameter values of modell”

Parameter Value
viscosity of blood in capillary 9
je/(10~?kg -m~t -5~ 1)

viscosity of interstitial fluid 3.5
pe/(10~3kg - m=" -s71)

permeability coefficient of capillary’s 5x10~°
walls kc/(m?-s-kg™1)

plasma colloid osmotic pressure 28
7e/(133Pa)

colloid osmotic pressure in interstitial 5

fluid 7;/(133Pa)
Darcy’s permeability of z direction /m? 3.83x10716
Darcy’s permeability of y direction /m? 2.26x10~17
Darcy’s permeability of z direction /m? 2.26x10717
density of interstitial fluid p/(kg:m~2) 1000

length of capillary L/pm 1500
diameter of capillary D/um 8
hydrostatic pressure in interstitial -3

fluid p;/(133Pa)

pressure at artery sections of capillaries 40

pa/(133Pa)
pressure at vein sections of capillaries 10
py (133Pa)
porosity ¢ 0.35
the distance between two neighboring 30

capillaries d/pm
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Fig.4 Flow field and velocity contour line of z-y plane
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ON THREE-DIMENSIONAL NUMERICAL SIMULATION OF
INTERSTITIAL FLUID FLOW OF INTER OSSEOUS MEMBRANE Y

Yao Wei  Shen Yeliang Ding Guanghong?
(Department of Mechanics, Fudan University, Shanghai Research Center on Acupuncture and Mozbustion,
Shanghai 200433, China)

Abstract Interstitial fluid flow is an important component of the microcirculation and interstitial environment,
yet there is few direct in vivo measurement of it within human body. Therefore, computational and mathematical
models are employed to investigate the fluid flow especially within cortical bone and ligaments.

This article is to investigate the interstitial fluid flow in inter osseous membrane on lower limb, where the
distribution of capillaries is regular parallel arrays on certain direction which is approximate to the direction
of parallel collagen fibrils. It’ rational to consider the interstitial space as a porous media and set up a three
dimensional filtration model to study the flow field. The govern equations of the model is Brinkman equation
and conservative equation. A CFD software (FLUENT) is used to executive the numerical simulation.

There are some interesting results. First, interstitial fluid penetrating through capillary’ walls at artery
sections can flow along the direction of parallel capillaries, and then some interstitial fluid is absorbed by capillary
at vein sections and others outflow at the exit. That is, under parallel capillary distribution condition, there
may exit the directional interstitial fluid flow. Second, the interstitial fluid flow can be evidently influenced
by collagen fibrils. Due to the existence of collagen fibrils in the interstitial space, the velocity distribution
of the interstitial fluid flow tends to be uniform, which is in favor of the physiological activities of cells. So
collagen fibrils are very important to the organism. Third, pressure is also an important factor to influence the
interstitial fluid flow. The increases of pressure near artery (p,) and pressure near vein (p,) can both accelerate
the interstitial fluid flow, while increase of pressure in interstitial space (p;) can decelerate the interstitial
fluid flow. Therefore, changing the pressure in capillaries can adjust the microenvironment which cells live in.
Changing the pressure in interstitial space has more effective effect than pressure changing in capillaries. As we
all know, when the tissue is undergone the external force, the pressure in the interstitial space will be changed,
so the interstitial fluid flow will also be changed. It may be a potential reason that naprapathy has a curative

effect on the microcirculation in tissues.

Key words interstitial fluid, porous media, Starling force, Brinkman equation, numerical simulation
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