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Introduction and Motivation

Why interesting?
Why does it work?
Intuition

Actual Physics

. \“3;”‘”? Optimal Parameters
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Relevant Forces

» Relevant
- Gravity
= |
- Drag

» Neglect

- Buoyancy
- Lift due to Spin
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- 1 -
Fprag = ECLSimevzn

Fripe = %Cusimesz

F, = —-Mgz

caction — ﬁLi}'t == FDrag
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= 1 %
Fprag = ECLSimevzn

i 1 i
Frist = =CpSimpuV°t

2

Fy = —-Mg:

Freaction = FLift + FDrag
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The Bounce

» NO bounce if stone fully immersed

> “Z” equation of motion— condition on initial
velocity for bounce

M zi=—F ,+(F ,cos0—F

DragSiN 0)
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Iz
E=2(Z) 4V ()

» Turning point at
< = Zmazx
- Demand z smaller
max

than z at which stone
is fully submerged

A

s V.\'0> VC'”w l ﬂ
S

N s ————————
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1 .dz °

E=~(Z) +V ,(z)

2 dt

Turning point at
£ = Zmazx

Demand z smaller

max

than z at which stone
IS fully submerged
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—
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Energy Dissipation

What slows the stone down?

- Dissipation in x-motion from lift and drag
- (Fz) = w(Fz) = pMg
- W =Fl=uMqgl

1 . . .
W < §V§0 gives new min velocity

Veo < Ve =/ 2ugl = 9~
S
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Energy Dissipation

What slows the stone down?

- Dissipation in x-motion from lift and drag
- (Fz) = u(Fz) = pMg
- W =Fl = uMqgl

1 . . .
W < §Vﬁ0 gives new min velocity

Veo < Ve = /2ugl = 9
S
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Spin
The torque from lift changes incidence angle (want
small, constant)

Without spin about y-axis, unstable

. M
b+ w0 — 0y) = —2
Iy

In

—I; -
W = 1, o)
Gyroscopic effect keeps max deviation 66 ~ 9

via condition on spin

b |9
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Spin
The torque from lift changes incidence angle (want
small, constant)
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Spin
The torque from lift changes incidence angle (want
small, constant)

Without spin about y-axis, unstable

. M
0+ w (9 — 9()) =0
I
I, —I
W = t¢0
Gyroscopic effect keeps max deviation 660 ~ ﬁq_g << 1
W

via condition on spin

b |9
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How Does Rain Drop?
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Raindrop Formation

Cloud Droplets

. Saturation vapor pressure

. Aerosols

« ~10um

Increasing size = raindrops (~¥1mm)

Collision & coalescence

Bergeron process
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Bergeron Process
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Free Raindrop Shape
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Falling Raindrop
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f—:Hr v« Vo =V .1, with T} pI+1t[Vo+(Vu)'],

and

1
jf.’: v-Vo=V.T, with T, pl + Vw4 -:_Vl‘lri ,
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Falling Raindrop
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Falling Raindrop
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Raindrop Size:
Marshall-Palmer Distribution (1948)

N, 6D: the density of drops
Jﬂ with diameter between D
and D + 6D

Exponential Model:
Np =N, e"\P

N, =0.08 cm™, A =41 R0 cm,
and R is the rate of rainfall in
mm/hr.
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Mechanisms for Change in Size

* Collisions
— Parameterized by Low and List (1982)
* Explosions
— Characterized by Villermaux and Bossa (2009)
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Valdez and Young (1985)
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Exploding Raindrops

Villermaux and Bossa (2009)
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Conclusions

Cloud droplets become raindrops by increasing in size
They look like hamburger buns not teardrops

Collisions and explosions produce a roughly
exponential distribution of sizes
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Introduction: A motivation

Introdution: A motivation

Figure: A wasp nest in Waterloo Park

Pigina 2 de 21

Pirsa: 13080036 Page 38/50



Introduction: A motivation

Why is the hive’s thermoregulation important?
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Introduction: A motivation

How is the temperature regulated?

o Active thermoregulation: Involves clustering of wasps (to heat up) or air
flow creation by wing beating (to cool down).

° Passive thermoregulation: Involves the architecture of the wasp nest =
Convective flow of air!
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Passlve thermoregulation

How do wasps detect thermal variations?
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Figure: Left: Electric resistance as a function of temperature [1]. Right: Electric
current as a function of temperature [2].
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Passive thermoregulation

How do wasps detect thermal variations?
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Figure: Left: Electric resistance as a function of temperature [1]. Right: Electric
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Passive thermoregulation

How do wasps detect thermal variations?
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Passive thermoregulation

Polybia spinifex Richards hive model

Entrance

Figure: (a) Spherical model, (b) Inside hive model, (¢) and (d) Real Polybia spinifex
Richards hives [3].
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Passive thermoregulation

Physics background: Fluid Dynamics

e Mass Equation:

dp

— 4V (pu) = 0.
Y (pu)

e Energy Equation:

[
oFE
5 + V. (u(E+p)) =0.

¢ Momentum Equation:
d(pu)

T‘FV'(u@(pU))ﬁ-V}O:O.

These equations combine into:

o Navier Stokes equation:

ou
- -V Vp = 0.
p(at+u u)+ P

With the boundary conditions:
¢ Inflow/Outflow:

u-n|3M =ug =0
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Passlve thermoregulation

CFD Results
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Figure: Comparison between values calculated using the model and the results from
measurements on the hive. Left: Airspeed at the entrance as a function of the
entrance's length. Right: Temperature at the measuring points [3].
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Passlve thermoregulation
[ Jelele]

Qualitative approach to the Waterloo wasp nest

Bald-faced hornet nest, Waterloo, ON

Figure: Arrows suggest the flow of air inside the hive. Blue arrows indicate air with
lower temperature than Orange arrows.
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Passlve thermoregulation
(a]e] o]

Qualitative approach to the Watarloo wansp noest

Possible Airflow Without Vents
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Concluslona

Discussion

A few questions these models raise:
e What are the actual nest conditions?
e How do tlho Richards and Langstroth models interact?
o How does the wasps' environment affect their nests and their behavior?
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