
ES265 - Problem Set 4 - Due Thurs 18th Feb 2016

General Advice Problems are divided into S(mall), M(edium) and L(arge). Small problems
shouldn’t take you more than a couple of minutes. You should not (generally) need to use calculators
- this is an order-of-magnitude class!

More than any other class you’ve taken, process is much more important than the answer.
There’s also no right or wrong process in many cases. Thus, be very explicit about assumptions
and your thought process (i.e. more text than in a normal problem set). In fact, a good answer will
look a lot more like a textbook (or even an essay) than it will a typical problem set. You might
even want to type them for legibility if your handwriting is marginal. Also, the more you estimate
and the less you look up, the better. Working together is permitted.

PROBLEM 1 What is the Reynolds number of a thrown baseball? How important is the effect
of drag compared to gravity on its trajectory? [S]

PROBLEM 2 Sometimes vigorously convecting zones sit below (or on top of) stably-stratified
zones. This happens in some lakes, in some stars, and (perhaps) the Earth’s core. To what extent
do ascending convective plumes penetrate these regions?

A stably-stratified region is characterized by a mean density ρ and a vertical density gradient
dρ/dz. Balance the initial kinetic energy of an ascending plume of density ρ and upwards velocity
v against the potential energy it has to expend as it ascends through the stably-stratified region to
find the maximum ascent height z of the plume.

What units does the quantity (g/ρ)dρ/dz have? What physical property do you think this
represents? [S]

PROBLEM 3 Consider a narrow mound of liquid contaminant injected into an aquifer (per-
meable medium). If the initial mound height is h, write down an expression for the Darcy velocity
of the mound as it spreads laterally. Hence find an expression for the effective diffusivity of this
mound. For shallow nuclear waste storage (say 300 m), what permeability is required for the waste
not to spread unacceptably far over thousands of years? [M]

PROBLEM 4 We’d like to investigate how small an organism can swim in a ”conventional”
(i.e. turbulent) fashion. At the laminar-turbulent transition, the drag coefficient CD is ∼0.1. Given
a peak power output for the organism Ḣ, write down an expression for the velocity u of the organism
as a function of CD. Now find an expression for the organism length-scale which puts the Reynolds
number at the laminar-turbulent transition. If Ḣ ∼10 W/kg (peak power) what is the minimum
length-scale of a conventionally-swimming organism? [M]

PROBLEM 5
Self-lubricating glaciers. For a glacier on a slope S write down the steady state velocity as a

function of thickness h and slope. Also write down an expression for the viscous heating rate (W/kg)
in response to this velocity. Using these results, write down an expression for the temperature
increase ∆T from top to bottom of the glacier due to viscous heating. For a typical terrestrial
glacier, is viscous heating enough to lubricate the glacier? Take the ice viscosity to be 1013 Pa s.
[M]

PROBLEM 6 Devise a Small (warm-up) order of magnitude question (and provide an answer).
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