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Thermodynamics

an almost forgotten science
will provide vision_for the future energy solutions

.. a science of ENERGY

.. the Mother of all sciences

.. check -and-balance. ENERGY accounting

.. Energy efficiency enhancement and optimization

.. provides VISION and future ENERGY solutions
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Thermodynamics ...

The classical, phenomenological
Thermodynamics today, almost a forgotten
science , has unjustifiably a dubious status.
Many modern physicists regard classical
Thermodynamics as an obsolete relic_. Often,
mostly due to lack of subtle comprehension
the Thermodynamics Is considered as an
engineering subject and thus not as  the most
fundamental science of energy and nature
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Thermodynamics ...

Einstein, whose early writings were related to the
Second Law, remained convinced throughout his
life that “Thermodynamics Is the only universal
physical theory that will never be refuted.” Many
other renowned physicists have been impressed
by the universal and indisputable validity of
Thermody-namic principles.
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Apart fro
obsolete

Thermodynamics ...

m the view that Thermodynamics IS
. there Is a widespread belief among

sclentists In Thermodynamics’ absolute authority.

Namely,

the phenomenological Laws of

Thermodynamics have much wider, including

philosop

nical significance and implication, than

thelr sim

nle expressions based on the

experimental observations..

www.kostic.niu.edu Slide 6




Thermodynamics ...The 2" Law

“It Is crystal-clear (to me) that all confusions
related to the far-reaching fundamental
Laws of Thermodynamics, and especially
the Second Law, are due to the lack ofi their
genuine and subtle comprenension” oy m. kostic)
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If one could expel all energy out of a pyicl
system ... then empty, nothing will be left

..so ENERGY Is EVERYTHING ... C?
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Definition of Energy

"Energy is a fundamental property of a physical system and refers to its
potential to maintain a material system identity or structure (forced field in
space) and to influence changes (via forced-displacement interactions, i.e.
systems' re-structuring) with other systems by imparting work (forced
directional displacement) or heat (forced chaotic displacement/motion of a
system molecular or related structures). Energy exists in many forms:
electromagnetic (including light), electrical, magnetic, nuclear, chemical,
thermal, and mechanical (including kinetic, elastic, gravitational, and sound).

"... Energy is the “building block’™ and fundamental property of matter and
space and, thus, the fundamental property of existence. Energy exchanges or
transfers are associated with all processes (or changes) and, thus, are
Indivisible from time.“ (by M. Kostic)
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Definition of Entropy

"Entropy Is an integral measure of (random) thermal enerqgy
redistribution (due to heat transfer or irreversible heat
generation) within a system mass and/or space (during system
expansion), per absolute temperature level. Entropy Is
Increasing from orderly crystalline structure at zero absolute
temperature (zero reference) during reversible heating (entropy
transfer) and entropy generation during irreversible energy
conversion, I.e. energy degradation or random equi-partition
within system material structure and space." (by M. Kostic)
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The Grand Law of Nature

The universe consists of local material structures

In forced equilibrium and their interactions via forced
fields. The forces are balanced at any time _ (including
Inertial - process rate forces) thus conserving
momentum_, while charges/mass and enerqy are

transferred and conserved  during forced

displacement in space all the times, but energy Is
degraded as it Is redistributed (transferred) from
higher to lower non-equilibrium potential towards
equilibrium (equi-partition of energy). (by )
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Fig. 2: Fleai-engine ideal Carnot cycle : note thermezl
and rnechanical expansions and cormpressions (ine forrmer
Is needed for net-work out, wnile ine latier is needed |
provide reversiole neat transfer).

@
c



{QH ’QL ’WC} U {' QH 1 QL "Wc} (2)

IF REVERESED

Flig. 3: Reversible Heat -engine (solid lines) and Refrigeration Carnot
cycle (dasned lines, reversed directions).
Note, W, =W, =01f heat fransfer with phase chande (compare Fig.2),
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... the so called

‘waste cooling-heat in power cycles
(like in thermal power plants)

IS not waste but very useful heat |,
necessary for thermal compression of cycling
medium (steam-into-condensate, for example),

without which it Will not be possible to

produce mechanical work from heat
(l.e., from thermal energy).



3

Fig. 8: Significance of tne Carnot  's reasoning  of
reversible cycles is in many ways comparable with the Einstein s
relativity tneory In rodern tirmes. The Carnot Ratlo Equality is rmuch more
irnportant than what it appears at first. 1t is probably the most
important equation in Thermodynarmics and among the
rmost important equations in natural science
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... itis only possible to produce work  during
energy exchange between systems in hon-
equilibrium_, not within a single thermal reservoir
in equilibrium, for example. Actually, the work
potential Is measure of the systems’ non-

equilibrium , thus the work potential could be
conserved only in processes if the non-equilibrium
IS preserved (conserved, I.e. rearranged — cycle
work has to be stored eventually), and such ideal
processes could be reversed, and thus named

reversible processes




... When systems come to the equilibrium

there Is no potential for any process to
produce (extract) work. Therefore, it is

Impossible to produce work from a single

thermal reservoir in equilibrium: otherwise,

non-equilibrium will be spontaneously
created




... Itis only possible to produce work from thermal
energy in a process between two thermal
reservoirs in non-equilibrium (with different
temperatures). Consequently, If heat transfer
takes place spontaneously at finite

temperature difference , without possible
reversible Carnot work extraction, the latter work
potential will be permanently “lost,” thus
irreversibly dissipated  into thermal energy.




... All real natural processes between systems in
non-equilibrium have tendency towards

common equilibrium___and thus loss of the
original work potential, by converting
(“dissipating”) other energy forms into the

thermal energy _accompanied with entropy

generation (randomized equi-partition of energy
per absolute temperature level). Due to loss of work
potential in a real process, the resulting reduced
work cannot reverse back the process to the original

non-equilibrium, as is possible with ideal reversible
processes.




... SIince non-equilibrium cannot be created or
Increased spontaneously (by itself and without
Interaction with the rest of the surroundings) then
all reversible processes must be the most and
equally efficient _ (will equally conserve work
potential, I.e. conserve non-equilibrium, otherwise
will create non-equilibrium by coupling with
differently efficient reversible processes). The
Irreversible processes will loose work potential

to thermal energy with increase of entropy,
thus will be less efficient _ than corresponding
reversible processes.




Thus, hea" transfer and thermal energy are
universal manifestation of all natural

ancd| artmual (rnain -rnacle) processes,

.oand thus ... are viial for more efficient cooling and
neating in new and crifical applicaions, including
energy produciion and utllization, environrmenial conirol
and cleanup, and oio-rnedical applications,
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Quasi-equilibrium Process :

P+dP  P-dP
dP 0
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Instant Quasi-Equilibrium:
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REVERSIBILITY —Relativity of Time:
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REVERSIBILITY —Relativity of Time (2):
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The 2nd | ayw Definition






Entropy ...

We could consider a system internal thermal
energy and entropy, as being
accumulated from absolute zero _ level,
by disorganization of organized or higher
level energy potential with the
corresponding entropy generation.

Thus entropy as system property Is
assoclated with its thermal energy
(but also space).
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Entropy Primer:
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Entropy Primer (2):
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If heat or work at higher potential (temperature or pressure) than necessary, is
transferred to a system, the energy at excess potential will dissipate spontaneously
to a lower potential (if left alone) before new equilibrium state is reached, with
entropy generation, i.e. increase of entropy displacement over a lower potential. A

system will ‘accept’ energy at minimum necessary (infinitesimally higher) or higher
potential. Furthermore, the higher potential energy will dissipate and entropy
increase will be the same as with minimum necessary potential, like in reversible
heating process, i.e.:

CQ _ CQrev T CQgen
T T T ref

However, the source entropy will decrease to a smaller extent over higher

dS=

potential, thus resulting in overall entropy generation for the two interacting
systems,

2009 January 10-12



Tnermo I\/mgl_rr ICS
Is considered one of ine
central laws of sc J@n ce |
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n cefy our Intuition

> Witnout friction, clock will not worl, you could no
welr, pirds could not ily, and fisn could not swirr).

- Friction can maxe ine flow go faster

/

o Rougnening tne surface can decrease drag
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> Adding neat to a flow rneay lower Its ternperaiure, an
rernoving neat frorn a flow rmay raise its temperaiure

U

o Infinitesimally srnall causes can nave large effecis
(tipping point)

symrmneiric proolems meay nave non  -symmeiric
solutions
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Living and Complex Systems

creationists
evolution violates the Second Law

non-equilibrium open systems
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YES! Miracles are possiple |
J

It ray look ‘perpetuum nile ' but miracles are real too

Things and E\/ents are potn, MORE put also LESS comp  lex
than now they app ea andwe  ‘see’ thern--1tls

naiural simplicity in real cormplexity

. we could not cornprenend energy conservator
uniil 1850s:

(mechanical energy was escaping witnout oeing noic ed)

. We rnay not ;OHJOT’HHHH@ NIowW riew eriergy converslorns
and wrongly believe me/ are not possiople:

(* cold fusion " seems JmOOSSJOP for now ... 7)
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2l US Keep our eyes
anc our rinds fopen’ L.
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‘Tnings and Events ’ are poin, MORE put also LESS cormnplesx
tharn now iney appear and we  ‘see’ inerm--|

natural sirmplicity In real complexity

LIS

Y 1 r ' Y —a
there are [10 Jdeclj (NINYS | noideal rigid body, noideal gas,
no perfect elasticity, no adiapatic bouncdlary, no fr ictionless/re versiple process,
no perfect equilinriurn, not ever steacy  -state process

there are 21|W\ WNelYS DrOCESSES - energy in transfer or motion,
. 0 J

all ‘['mngs/:\/eryth‘ rg r\r<: energy ir rotion with una voiclanle

orocess irreversiollities  rnowever, in limit, an infinitesimnally slow
orocess with negligible Irreversipility /egpears as instant rever siple equiliprium —
thus,
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All processes are transient ...

Eulerian steady-state
are transient in

Lagrangian form

guasi-equilibrium
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If we are unable to observe ...

It does not

mean It does not exist
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However, ...
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Energy Fuiure Outloo:

.8 propable scenario .
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Efficient: do MORE with LESS

conserving energy potentials REGENERATE

_____________ Low efficiency
Power === === =S ' ._____ ;
2 Indirectly Regehera
[ > % Icirecty Reeberahd
L2y Heat&CO2
p |

rated
Heat

“Waste” Heat & CO , j L & CO,

High Efficiency
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Flow To *Use” Energy ?

a4 G




www. kostic.niu.edu/energy

Solar 1.37 kW/r& but only 12% \oveall average 165 W/m

=k

However, regardless of imminent shortages of fossil fuels, the outlook for future
energy needs is encouradging . Energy conservation “with existing technology ”
(insulation, regeneration, cogeneration and optimization with energy storage) has
real immediate potential _to substantially reduce energy dependence on fossil
fuels_and enable use of alternative and renewable energy sour __ces. There are
many diverse and abundant energy sources with promising future potentials, so
that mankind should be able to enhance its activities , standard and quality of
living , by diversifying energy sources , and by improving energy conversion

/ and utilization efficiencies , while at the same time increasing safety and
reducing environmental pollution
After all, in the wake of a short history of fossil fuels’ abundance and use (a blip on
a human history radar screen), the life may be happier after the fossil fuel era !
More at. www.kostic.niu.edu/enerqgy




