SMS 204: Integrative marine sciences.

Assignment #2.

Knowledge base: hydrostatic pressure, ideal gas law, ability to apply the continuity
principle, computation of volume, mass and momentum flux. Nature of forces in
fluids. Skills: algebra, unit conversion, significant digits.

Assignment can be done in a group, but has to be emailed individually and be distinct.

1. (15 pts) Assume that you have a U-shaped, hollow tube (we call it a ‘manometer’)
with Karo syrup (density 1250 kg m™) in it such that both arms are half filled.

What would happen if you added a given mass of water (density ~1g mI™®) into one of the
arms of the manometer? (The mass added has less volume than half the arm of the
monometer.) Feel free to add a drawing describing initial and final states.

Extra credit (10 pts): If the cross-sectional area of the manometer is 5 cm? and the
amount of water added is 20 ml, what will be the height difference between the two arms
of the manometer? It may help to assume that the tube is U shaped, though it does not
really matter.

2. (20 pts) An ingenious inventor decides to use a large chamber with a bottom that can
slide in or out but that is impervious to water as a submarine. He feels it with air so its
volume at the ocean’s surface is 25m?>. The inventor and the submarine starts descending
down to depth. Assuming no exchange of gas with the surrounding fluid, what will be the
sub’s volume at 5, 10, and 20 and 100 m?

3. (20 pts) At Old Town, near Indian Island, you measure the average width of the
Penobscot river to be 40m, its average depth to be 4m, and the average velocity of the
water to be on average 10 cm s™. Downstream, near Veazie, you measure the averaged
width to be 50m, the average depth to be 5m and the average velocity to be 20 cm s™* at
the same time. The Stillwater is a tributary that joins the Penobscot river at Orono,
between Old Town and Veazie.

a. What are the mass and volume fluxes of the Stillwater into the Penobscot?

b. If the Stillwater’s average width is 10m and its average depth 1m where it joins the
Penobscot, what is the average water velocity where it joins the Penobscot?

Assume no other sources or sinks of water between Old Town and Veazie and use, if
needed, a typical density of fresh water for your calculations.

4.
A. (5 pts)How can water flow up a straw and into a mouth in a direction opposing

gravity?



B. (10 pts) Many marine organisms have tubes or siphons. Choose one such organism
and discuss how the presence of such tube/siphon affects flow into/out off that organism
(use and cite at least one reference from the WWW or a paper you found).

5. (20pts) On March 26, 2012 film director James Cameron became the third person to
dive to the bottom of the Marianas Trench. The sub reached a depth of 10908 meters.
Calculate the pressure on the exterior of the sub at that depth, in Pascals and psi (pounds
per square inch). For the purpose of this exercise you may assume water is not
compressible and 1 atmosphere of pressure = 101325 Pa = 14.7 psi

The sphere in which he sat has an outside diameter of 121.8 cm. Calculate the total force
pushing on the entire surface of the sphere, in newtons and pounds.

6. (10 pts) Inthe movie: ‘Fluid dynamics of drag, part II’, two types of forces acting on
a body or a water parcel within a fluid are described. What are they? Provide one
example for each type of force.
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