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WORO Jects (Systems) have the same
LIF Sratlre they will stay the same upoen
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act (A5t law of thermodynamics).

I they have different temperatures heat
(energy) will'be transferred (hot—>cold).
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(Average) Kinetic Energy of
a Molecule

m u? 3kgT
2 2

Molecules move fast, but in liquids they
are so densely packed that collisions are
very frequent, and it is impractical to
measure the molecular velocity. The velocity
is the same, however, in air or water if the
temperature is the same.

ks = Boltzmann’s constant = 1.3806503 x 10-2*> m? kg s K'!
For room temperature, 20 °C, 293.15 K

Mass of a single atom of water = 2.99 x 102 kg

Therefore mean u = 637 m s!
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Florentine thermoscope

Auxiliary scale Main scale

é Contraction Expansion

Chamber chamber
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J = ter t heat chages state but not
*""': emperature
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Heat Capacity of Pure Water Jﬂeat"m. \ '
S potentialfenergyieiimatter When
Liquid water Water vapor\ ..e-chang th@sateof mat@._rlal =
and water vapor\ WENIEEEROMNOVIEHENIE!
1001 Liquid Lesssnssnsi s s
Latent heat of evaporation JorWarm: a mass o material by AT
or condensation . 3
540 calories per gram We need to supply It With heat
(eneray):

Range of normal
ocean temperatures

Sensible heat = €, * Mass X AT

L h f fusi
aten;r ::I::ngusmn M 12 T_z] . [Lz T2 K'l] X [M] X
80 calories per gram [K]

C,-Specific heat capacity
200 400 600 800 . :

heats 1gr ofi water one degree at

STP. For air ~1 joule.
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Solid Water Liquid Water Water Vapor

Freezing d Condensation
-+ -+
80 Calories d d d 600 Calories

— —>
Melting Evaporation

Heat Energy Released
Heat Energy Absorbed

f Wh'y-do we sweat? Why do dogs have a wet nose? Do we feel a
different temperature on a humid day (Heat index, wind chill)?

Ocean vs. atmosphere, which gets cooled which gets heated in
different parts of the hydrologic cycle?
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" T in food: -
—— - —

000 calories=4184], energ at ~1 liter by

orate ~2gr of water at 100°C or melt ~50gr of

- v
2 o

:'oration only occur at 100°C ?

kISS (26 Calories) could provide the energy to lift

.;-‘ n off the ground. < extra credit

_-.-:Faoq yvebs are not very efficient. Only a small percentage of
- the energy available in the food is effectively transferred into
biomass.
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Hydrological Cycle

Atmc:gglhere Source: NCAR
Ocean to land i

Water vapor transport
40 e
&
v

/Land
/ Precipitation
A 113

Evaporation, transpiration 73

B Vegetation

S — Rivers

D Lakes
178 —
- Surf flow — " Seses
e 40 oil moisture %0 tere
= Ocean 122 g -f -
- — 1,335,040 _Ground water flow | e

— = Groundwater 22
15,300

Units: Thousand cubic km for storage, and thousand cubic km/yr for exchanges

Ocean vs. atmosphere, which gets cooled which gets heated in
different parts of the hydrological cycle?
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Sheftheat trans/er: =

1IE=Radiation (E[fM-..radia'tl")l

on trave

'—’f‘ Convectlon/advectlon (fluid

—»"3 *
— motion transfers heat).
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1,000 1,500
Wavelength (nm) —>

wavelength

1

- Earth/0ceans:

gamma-rays e ultra microwaves racio
Short Wave heat flux pard oot [l shart wave
205 8.

I"ong Wave heat flux

t
18 16 5 14 5 2.
log wavelength [m)

log frequency [Hz)
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Convective et -
Tne fluid dersiey SiidmseEiitfE depende.m‘j’ -
A BHENPEoniZontal adVesuyeheat flx may be important:

"edl 0Ced
& ULEall

Alfantic ‘
Ocean ‘

| Yay,

Cold saline
deep current

Demo - convection
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EORVEGLIoN andfadvection;
Confusing terminology

® Thermal convection: fluid density decreases with
increasing temperature; unstable stratification
produces overturn.

I

L Engmeers sometimes make a distinction between
_ thermal convection and forced convection (e.g.,
- by afan rather than by density-driven overturn)

L T
—
— Ty — -

-
- - —_—

—

e Whatengineers call convection, oceanographers
= more generally call advection, except in the case
of density-driven overturn, when convection is
commonly used by oceanographers as well.

® The point is that lots of heat can be moved by
currents, whether it is vertically or horizontally.
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A = cross-sectional area

Q999! =
0 0 O 0 o
O s W W

Heat flux = -KAT/Ax

:ﬁ-{EAT © www.gcse.com
K-heat diffusion coefficient

.Examples.

-~ Ice, Fur, Blubber
Material | k (W m K)
“Waer | 06
14

=

-

™

=
’
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“Where is conduction important
in fluids?

® Where convection (flow) is weak

® Because of the no-slip condition, conduction
dominates over convection in a thin layer of
water next to solid boundaries (e.g., a whale
or the seabed over which water is flowing).

=== ® This layer where conduction dominates over
= convection is typically < 1 cm thick.

® Conduction is also important where friction
restricts fluid motion, e.g., in pore fluids of

marine sediments.
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Incoming
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advective heat flux

latent heat flux radiative heat flux

sensible heat flux
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Water vs.aims —

Absorbed
Solar

Den5|ty: 1.2 vs. 1000 kg m*°

mitted / : K e e LK
Terrestrial Net
Radiation

Heat content:

Atmosphere ~ 2.5m of ocean
The ‘greenhouse’ effect:

“Water vs. land

Density: 2500 vs. 1000 kg m~ senhouse Gase ‘
eF=idgiavsi 4.2 Jg iK™

......

Difference in how heat is acquiredakiz e
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1. When are the longest/short ast day-
of t-h‘e‘year? - =

o~

2. hen are the hottest/coldest days
of the year?

— .—-f-'-

\——”

3 How is ocean heating/cooling
_different from land?
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2lfel rr'* OCEAN. 1w

1 WY ;t should we expect?
= 4¥7 IS Warming occurring?
~Cooling?
3.How is heat transferred in the
IAterior?
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arm) blooded organisms
f_atlc reactlons as f(7)

=5 Wlnd chill?
= Hypothermia
e \/iscosity as f(7)

SMS 204: Integrated marine
2/23/20 SCIENCES 2J0)



