SC/BIOL 2090.02— Current Topics in Biophysics — TERM TEST ONE

There are three questions. You must complete all of them. Ensure that you show your
work (that is, equations, calculations and units). Excessive length is not encouraged.

QUESTION ONE
The Reynolds number is a crucial dimensionless number that defines physical constraints
on organismal motility as well as a myriad of other biological functions.
7S \ Compare the Reynolds number of a human and a
{ S “ | bacterium (use reasonable estimates of length, mass
X .,/ and velocity: bacteria are about 1 gm in effective
‘57\ ; length and swim at about 20 zm sec”', humans walk at
( about 1.8 m sec™).

For humans to experience the same Reynolds number
as a bacteria, what would the viscosity of air have to
be?

N

QUESTION TWO
What is a Newton? Remember that Dr. Lew is not a physicist, and he believes that units
are important.

QUESTION THREE

The Wikipedia article on Reynolds number mentions that the transition from laminar
flow to turbulent flow occurs at an R, of 10’ for hydraulic flow through a cylindrical pipe
(such as a xylem vessel or artery/vein) but that the laminar to turbulent transition for a
cell swimming in aqueous solution occurs at a much lower R, of about 10™'. Under
circumstances where the velocity, density, diameter and viscosity are all the same, why
would the laminar to turbulent transition R, be so different (10*-fold)?



Viscosities (and other data) for various liquids (and air)

Fluid Density, p Viscosity, 1 Viscous critical

(kg * m™) (Pa ¢ sec) force (figica) (N)
(kg e m™ ¢ sec™)

Air 1 2107 410"

Water 1000 910" 810"

Olive Oil 900 8107 710°

Glycerine 1300 1 810

Corn Syrup 1000 5 3107

Nota bene. The viscous critical force, foea =1/P . is a measure of the force required to
shift from laminar flow to turbulent flow. It depends on viscosity and density, but is not a
dimension-less number (like the Reynolds Number R,).

Nota bene. Kinematic viscosity is sometimes used, and is equal to n/p (with units of m’

sec™).

Nota bene. Two other units are sometimes used to describe viscosity. One is the poise
(with cgs units of g cm™ sec™). The other is the stoke, for kinematic viscosity (with cgs

units of cm’ sec™).

Source: Philip Nelson. Biological Physics. pp. 165.
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