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Calculation Set 1:
Experiments in the Tank




Dense fluid forms a stable dome along tank’s bottom.
Steepest angle of the fluid interface can be visually approximated.
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Less dense fluid spins cyclonically with the tank.

More dense fluid exhibits weaker anticyclonic currents.

Particle Rot. radius Period Velocity
2.96 cm 1.3 sec 14.3 cm/sec
4.03 cm 1.5 sec 16.9 cm/sec
9.5cm 2.5 sec 23.6 cm/sec
13.4 cm 5.2 sec 16.4 cm/sec
24.2 cm 25 sec 6.08 cm/sec

Upper fluid’s current speed peaks in the middle radii,
corresponding with the steepest slope (largest gradient) of the
frontal surface between differing fluid densities.



Margules’ formula offers a connection between this angle, the
rotation rate of the system, fluid densities, and current velocities.

_g'tann I — (P2—p1)

U, Uy f ,['jr j o f = 21

The values set or obtained for our experiment are as follows.

V2:~0 cm / S (difficult to measure, presumable as 0 or even a negative number)

V= 23.6 cm / S (peak measured speed of a mid-radii particle on prior page)
p,= 1.05 g/cm?

(this number is potentially a measurement from before the water was released into the lighter fluid, so
it is also worth testing , a measurement obtained from another group’s dome)

P1= 1.005 g/cm3 (the less dense fluid)
g=980cm /s>
f=1528 millif=1.528 sec™!

o’'= 980* (1.05 — 1.005) 080* (1.025 — 1.005)
1.05 1.025
g'= 42 cm/s? for?

g’ tang g tany
236 [em/s] = ¢ T = 5og [sec’!]

-36.1 [em/s?] = g tang
g =42
tanf = RROR ?or?

4= 40.08°

Observed angle 36.95°. 37/40.68=.91 or 40.68/37 = 1.099, within "10% accuracy
37/62.09=.60 or 62.09/37 = 1.68

Reverse calculation w/ 37° to obtain the necessary density difference p,-p,

with p; = 1.005 would suggest a difference of .0517 g/cm?

Further calculations initialized with lower particle velocity 16.4 cm/s predicts

a lower slope of approximately 30.8° degrees, which coincides with the

dome’s visible decrease in slow both towards and away from the middle radii.



Calculation Set 2:
Atmospheric Data Analysis
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THEORY

Margule’s formula has an application for atmospheric cases, using ideal gas relation.

The formula may be simplified in cases where T,/T,= "1

f (Vz -V

g(T;-Ty) /T

1 Tmean
o 2l _ 2(p0)
T 24 hrs x 3600 s/hr
O=7.272 x 10
f=1.454 x 10—4 vertical wind shear
. about a pressure horizontal
isobar temperature

difference across the
frontal surface
a temperature/wind plot of the -170 longitudinal

100
\B - 500 mb is often the most
3 convenient, “de facto”
150 pressure level for viewing
these interactions.
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2.5 degrees per increment
(useful later)

A closer version of this graph with visible data labels is available on the following page.
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We may check the quality of our theoretically ~ .I.ﬂll.?fﬂ m {
approximated slope with the atmospheric plot.  HCENESED 4() 18, 1.‘1.1!!.22!1
Unlike the experiments in the lab, we cannot "sssssssssmmmmmg, 3§
do this with visual methods, because the plot 45 3.3 increments
i ically sk lati h 1 . :
is drgstlga v s e.vved relative to the ?Lctua * 95 degrees [latltude]/ inc =
distribution of air on earth; appropriate
scaling of the latitude distances relative to the 8.25 degrees
actual thickness of the atmosphere would be * 110 km / degree —

an impractical aspect ratio to attempt study.

907.5 km = é
@170° longitude, 45° Iatitude:
z = 5350m = 5.35 km

Ay 907.5

0.0059 / 0.0067 = 0.88
0.0067 / 0.0059 = 1.13

a match within ~ 12.5 %

Once again, a larger version
of this graph is on the

following page.
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This plot shows the height of the 500 mb
pressure surface for the displayed latitudes
and longitudes. Since the point about
which we measured our horizontal
temperature difference & vertical velocity
difference was @ -170W, 45N, this
position is marked and the height is used
in an in-atmosphere tangential slope
calculation.
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