Basic Concepts of Thermodynamics

Thermodynamics and Energy

Thermodynamics: the science of “energy”
Energy: the ability to cause change, the capability to do work

Energy can exist in many different form
Energy Is a physical quantity

thermo (heat) ; dynamics (power)

Thermodynamics: converts heat to power (work)
Thermodynamics: include all aspects of energy,
energy transformation, power generation,
refrigeration, relationship among properties of matter
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Basic Concepts of Thermodynamics

As observed In the nature: energy can change from one
form to another, but the total amount of energy remains constant.
energy can not be destroyed or created

15t Law of Thermodynamics : conservation of energy

a thermodynam 'f matter

As observed in the nature: energy transfer can occur certain
direction but not in the reverse direction.

- heat can be transferred from high temperature to low
temperature, not reversely

- work can convert to heat completely, not reversely
(only portion of heat is capable of converting to work,
It is iImpossible to design an engine of 100% efficiency)



Basic Concepts of Thermodynamics

2nd |_aw of Thermodynamics: the energy has quantity
as well as quality

quality of energy: the capability of energy doing work

actual process occurs in the direction of decreasing
quality of energy.

The ability to do useful work diminishing even though
energy Is not.
Entropy is a physical quantity
the measure of a system’s thermal energy per unit
temperature that is unavailable for doing useful work.

the degree of disorder or randomness in the system

s a thermodynangic property ®f matter

Thermodynamics: science of energy and entropy.



A substance consists of molecules. The properties of the substance
depend on the behavior of these particles.

Statistical Thermodynamics: microscopic; the average behavior of
large group of individual particles.

Classical Thermodynamics: macroscopic; measured time average of
particles behaviors; does not require a knowledge of the behavior
of individual particles.

Application area of thermodynamics:

The science that explains and predicts how much energy we
may extract and how efficiently we may do it under a specific
situation.

Automotive engines; rockets, jet engines, power plant, refrigeration

Deals with various properties of substances and the change in these
properties as results of energy transformation.
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CgHyg+ 12.5 0,— 8 CO, + 9 H,0 + heat

HHYV High Heating Value: 48,260 kJ/kg
LHV Low Heating value: 44,790 kj/kg °
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Convert chemical energy In fuel to kinetic energy of car

T h 5
Otto Cycle

B 51 EF
Diesel Cycle

Working fluid is air o
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Process 1-2 Isentropic compression in pump

Process 2-3 Constant pressure heat addition in boiler
state 3. saturated or superheated steam

Process 3-4 Isentropic expansion in turbine

Process 4-1 Constant pressure heat rejection in condenser
state 1: saturated liquid



BUKZ S e 2448

FHHS

el

DKWV e ME R

ci L
AP E A

I e T
Ny :"i.\,. I—'_l—
fﬂ-rk e e
[ e = F_'
——- L - i :
I ! .:'I : - ﬁﬂi*ﬁ%

I b il b

[ FTGE Fit

17






Pressurizer

Control
rod drives

Steam Reactor Main engine
generator  [* zﬁé?drg throttle
A = O e
Turbo
= ﬁ generator

-

—

Reactor

Reactor
™~ shield

=

O=

Shielded
bulkhead

Reactor
coolant pump

||

|

Main
W

Reduction

ENGINE ROOM

Pump 1

O==

Seawater inlet —>| |

FIGURE 1.3 Schematic diagram of a shipboard

gearing
N Electric
2 Clutch  propulsion
7 motor
Z_J\:' JL
EZ ur
% Thrust
% block

nuclear propusion system. (Courtesy Babcock & Wilcox Co.)

19



Az 42 T2 (Extra Supercritical)
T4 $ap B 4 >24.1 MPa

3

FRRES)

44.22 %~ 44.38%

- Critical
point

A |

A supercritical Rankine cycle.
20



3 R % Az TeR ¥ 2 (Rankine Cycle) = & 800 MW

21



-

Gk s &
N ———— vy
i

e

D
i 20}
a3 e e
e

W

-

ETtoday#imE



6k A F A TR0 F R 7427 MW ot

48.24%

lie b g H ﬁlﬁ‘ # 2 600 MW #v3z5 35.97%

23



Qin

3\

Combustion
chamber

GAS CYCLE

Compressor

Air
in

Heat exchanger

—~/VWW

Gas
turbine

AW

STEAM
CYCLE

Pump

Condenser

Steam
turbine

Qoul

# B %% T % 2 (Combined Cycle)

T

A

Sl e e
53.07%~55.53%

P

24



Brayton Cycle
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https://energymagazine.tier.org.tw/Datafile/UploadFile/20181115135647054.jpg
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Move Energy from Low Temperature Space to High Temperature
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Cryogenic Industry

the production, transportation and storage of gaseous and
liquid nitrogen, argon, various rare gases, natural gas, etc.
work with substances that have very low temperatures -
below -153<C.

The range of use of such low temperatures is quite wide:
*Medicine, *Metallurgy, *Biology, *Chemistry, *Agriculture
*Qil and gas production, *Scientific and technical research

Refrigerator, Air Conditioning, Heat Pump
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