Viscosity—Another Spherical Cow?

Introduction: Fluid Dynamics tends to be a complex subject. The Navier-Stokes equation  is written in terms of partial derivatives and gradients. It is impossible to solve analytically unless you make assumptions that envision a model that is quite different from a real system. This unit will provide students an opportunity to examine various models for complex systems and evaluate their usefulness and their limitations.

In Quantum Mechanics , students know that the Bohr model of the atom is not correct. Newton’s Second Law(F=ma) is not valid at relativistic speeds. Bernoulli’s principle is frequently used to explain many phenomena that are more complex than the presumptions of an incompressible fluid, uniformity of viscosity, and temperature. Yet these models do give us at least a first order approximation of what is going on. The usefulness of a theory is its ability to explain and predict phenomena.

Intended Audience: High School Physics students who have completed a course in Chemistry.

Fluid Dynamics tends to ignore the molecular details. This unit provides an opportunity bridge the gap between the macroscopic and the atomic and connect with what students have already learned in chemistry. It is presumed that they start with the notion that viscosity is resistance to flow and that students understand that viscosity is not the same as density. (Oil is more viscous than water but less dense.)There is also the opportunity to connect with Biology since many phenomona such as the flow of blood(Poiseuille’s euation) are dependent on viscosity. 

Placement in the curriculum:This unit presupposes an understand of  momentum, force and kinetic energy so it generally follows kinematics and dynamics. The concept of Pressure needs to be recalled from Chemsitry

Goals and Objectives: 

. 

Students will be able to: 

>explain on a molecular basis why viscosity’s dependence on temperature is different for gases and liquids. 

>explain using the Reynold’s number and turbulence why sometimes air resistance is proportional to v at low velocities and proportional to v2 at higher temperatures. 

explain the time dependence of non-newtonian fluids. 

express in writing the value of using simplified models.










