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BIOL/PHYS 438 Logistics
Ioolnglcdl Phivsics

* Logistics
* Ch. 4: "Fluids in the Body" wrapup Assignment 3: due Thursday 15 Feb
- Flow in Pipes

* Viscosity, Reynolds number & Turbulence
* Blood Circulation: Aortas to Capillaries

- Transport of Dissolved Gases

Viscosity 1 Viscosity vs. Temperature
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Reynolds Number (Re)

The Reynolds number is the ratio of
dynamic pressure pu? to shearing stress pu/L :

Re=ulL/v

where U = velocity of fluid flow
(or velocity of object through fluid),

L = characteristic length (e.g. diameter of pipe
or that of object moving through fluid)

and V = kinematic viscosity of fluid: v=p/p

Flow through a pipe is turbulent for Re > 2300.

Average Flow Velocity in a Pipe

L The area-weighted average of
| ———
Ap \(u(r) l A u(r) = (Apl4uL)[R2-r2] s
s u,, = ApR/8uL
Laminar flow and the mass flow rate J is
._IR" Ap
] = puavﬂ:R "
v L
Hagen Poiseuille (Hagen Poiseuille Eq.)
pipe resistance or

Ayp=8VL/MR* ———— J=Ap/),

Flow Profile in a Pipe
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Laminar flow

~ Turbulent flow

Re >2300 )
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F/IA =-upduldr Jlocally:
A=2nrL and F=nr?p where pis
the pressure from the left. Thus
du/dr = - (p/2uL)r, which gives

u(r) = (p/4pL) [R?-r?]
When the Reynolds humber Re

exceeds about 2300, the flow
becomes turbulent.
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Principle
of
Continuity

AV, = Ay,

for any
incompressible
fluid!

Streamlines crowd
together indicating

increased flow speed

Laminar vs. Turbulent Flow

Photo by Friedrich Ahlborn [1918]
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Laminal Flow Control

contracling muscle
A‘ ‘]Iam~ R*Ap

AR

1A — 7 etz
P— reduction of R
[aS—)] cuts J in half!
Circuits

8v-L
T-R*

HP —

reservoir

Two parallel circuits, each
with its own resistance.
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The Aorta

dV,=2n RdrL dV,=n R2dz
heart coniracling artery

A —"Ts
L

R, [M] 2 1.2.104 M 34
A, [M?] 245108 M 32
a[M/s] <31.6 M3
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Lungs & Alveoli
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Haemoglobin

M =-TdO/dN is like a potential energy [J]: oxygen
molecules tend to move “downhill” from high i to low L.
For concentrations of solutes in water we have

=T log(n/ny) where ng is a constant. In thermal
equilibrium, we require 4, = i + U, = constant,
where . is the binding energy of an O, molecule to

haemoglobin (Hb). The stronger the binding, the more
“downhill"! The density n is proportional to the partial
pressure p. Oxygen occupies all 4 Hb sites for p>10
kPa (~0.1 atm) and is released when p <2 kPa (~0.02
atm).  What happens when CO, competes with O, for Hb sites?

Heart Specs

dV,=2n RdrL dV,=n R2dz
heart coniracling artery
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AV

heart heart Apheart

AV~ M and Ap,_.is independent of M

heart

so f ~M [man: ~ 1 Hz; mouse: ~ 9.2 Hz]

heart

Aorta to Capillaries and Back

Neop = 2.83+ 10° M [kg] [m/s]= 8.10° M4
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diffusion
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